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1 7@<B"8H>@, JBD"&:,>4, NCT101

% 8@<B"8H>@6 &,DF44 (NCT101) <@>4H@D, ":L"&4H>@-P4LD@&"b 8:"&4"HJD", FH">@R>"b
B">,:\ @B,D"H@D" JFH">@&:,>Z >" :4P,&@6 B">,:4. 1" >4<4 D"FB@:@0,> $:@8
JBD"&:,>4b, &FHD@,>>Z6 & :4P,&J` B">,:\, >, D"2*,:4<@ @H >,.

#"2@&"b B@FHD@68" 8@<B"8H>@6 &,DF44 NCT101:

A">,:\ @B,D"H@D" (JFH">@&:,>" >" :4P,&@6 B">,:4):
 – ;@>4H@D: P&,H>@6 TFT, F D"2<,D@< 10"
 – !:L"&4H>@-P4LD@&"b 8:"&4"HJD": F 51 8:"&4T,6,
 – Q4F:@ LJ>8P4@>":\>ZN 8:"&4T: 10,
 – Q4F:@ 8:"&4T &Z$@D" <,>`: 6,
 – EH">@R>"b B">,:\ @B,D"H@D": B@:>"b.
#:@8 JBD"&:,>4b (&FHD@,> 2" BJ:\H@<  JBD"&:,>4b):
 – A@F:,*@&"H,:\>Z6 B@DH: 1,
 – %Z&@* <@>4H@D": VGA-F@&<,FH4<Z6,
 – %&@* VJB": max. >, $@:,, 4,
 – Q4F:@ &&@*@& *"HR48@& F4(>":" (&<,FH, F@ TB4>*,:,<): >, $@:,, 4 (>,:\2b

D"FT4D4H\),
 – Q4F:@ ">":@(@&ZN &Z&@*@&  (&<,FH, F@ TB4>*,:,<):>, $@:,, 4 (>,:\2b D"FT4D4H\),
 – S4>" CAN: D"2X.< *:b @$F:J04&">4b &Z>@F>@(@ <"N@&4R8" 4 P4LD@&@(@ &Z&@*"

4 NCT,
 – Q4F:@ &&@*@& 4>H,DL,6F": >, $@:,, 56 (>,:\2b D"FT4D4H\),
 – Q4F:@ &Z&@*@& 4>H,DL,6F": >, $@:,, 32 (>,:\2b D"FT4D4H\).

?BP44 8@<B"8H>@6 &,DF44 NCT101:

 – ;"N@&4R@8: 
&FHD@,>>Z6: JFH">@&:,> >" :4P,&@6 B">,:4, 
&ZFH"&:,>>Z6: & @H*,:\>@6 8@D@$8,, F &8:`R"H,:,< @F4 4 &Z$@D" 4>8D,<,>H"

, " H"80, F>"$0,>@ F 8>@B8@6 "&"D46>@(@ @FH">@&", B@*8:`R",HFb 8
BJ:\HJ JBD"&:,>4b F@ FB4D":\>Z< 8"$,:,<,

B@ @Fb<: & F:JR", JBD"&:,>4b H@8"D>Z<4 FH">8"<4 BD,*JF<@HD,>"
&@2<@0>@FH\ JFH">@&84 @H*,:\>@(@ <"N@&4R8" >" 8"0*J` @F\ X 4 Z, "
& F:JR", JBD"&:,>4b LD,2,D>Z<4 FH">8"<4 - >" @F\ X, Y 4 Z.
A,D,<,V,>4, &@N<@0>ZN *DJ(4N @F,6 @FJV,FH&:b,HFb F
*@B@:>4H,:\>Z< @$V4< <"N@&4R8@<.

 – A:"H" TACHO: F@2*".H &Z&@* ">":@(@&@(@ H"N@F4(>":" *:b &F,N 4 @F,6,
 – A:"H" WindowsXP Embedded FEW: 4>H,(D4D@&">>"b & JBD"&:,>4, B:"H" PC CF

B:"H" F >"8@B4H,:,<.
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 94P,&"b B">,:\ 8@<B"8H>@6 &,DF44

1.1 94P,&"b B">,:\ 4 <@>H"0>Z, D"2<,DZ 8@<B"8H>@6 &,DF44 (NCT101)
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;@>H"0>Z, D"2<,DZ 8@<B"8H>@6 &,DF44
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1"*>46 &4* 8@<B"8H>@6 &,DF44 (NCT101)

1.2 C"2X.<Z 8@<B"8H>@6 &,DF44 (NCT101)

C"2X.<Z 8@<B"8H>@(@ JBD"&:,>4b:
 – PS1: C"2X.<Z &&@*" $:@8" B4H">4b.
 – KB1: D"2X.< PS/2-F@&<,FH4<@6 8:"&4"HJDZ .3FB@:\2J,HFb H@:\8@ *:b JFH">@&84

BIOS @F>@&>@6 B:"HZ.
 – N1: D"2X.< T4>Z CAN *:b P4LD@&ZN BD4&@*@& H4B" NCT.
 – S1: D"2X.< B@F:,*@&"H,:\>@(@ B@DH" RS-232C.
 – N2: D"2X.< T4>Z CAN *:b &ZFH"&:,>>@(@ <"N@&4R8".
 – V1: %4*4@ &Z&@* (VGA-F@&<,FH4<Z6).
 – M1: AD4<,>b,HFb 4F8:`R4H,:\>@ BD4 JFH">@&8, BD@(D"<<>@(@ @$,FB,R,>4b >"

B:"HJ FEW, @$,FB,R4&",H B4H">4, *:b CD ROM.
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 – P1: D"2X.< *:b @BP4@>":\>@(@ <@*J:b FEW (*:b &FHD@,>>@(@ PC).
 – A1: C"2X.< ">":@(@&@(@ &Z&@*" 8 BD4&@*"<.
 – E1, ..., E4: C"2X.<Z &&@*@& *"HR48@&.
 – O1: C"2X.<Z &Z&@*@& 4>H,DL,6F@&.
 – I1, I2: C"2X.<Z &&@*@& 4>H,DL,6F@&.
 – P1: C"2X.<Z &&@*@& VJB".
 – H1: C"2X.< &FHD@,>>@(@ <"N@&4R8". AD4(@*>Z6 4F8:`R4H,:\>@ *:b BD4.<"

F4(>":@& <"N@&4R8" F D"2D,T,>4,< 25 4<BJ:\F@&/@$@D@H@&.
 – X1: EHD@R>Z6 8:,<< *:b BD4.<" F4(>":@& B,D&@(@ 8@>H"8H" 8>@B84 "&"D46>@(@ @F-

H">@&", D"<,V.>>@6 >" &ZFH"&:,>>@< <"N@&4R8, . E`*" <@0>@ B@*8:`R4H\
H@:\8@ F4(>":Z 24VDC!

 – X2: EHD@R>Z6 8:,<< *:b BD4.<" F4(>":@& &H@D@(@ 8@>H"8H" 8>@B84 "&"D46>@(@ @-
FH">@&", D"2<,V.>>@6 >" &ZFH"&:,>>@< <"N@&4R8,. E`*" <@0>@ B@*8:`R4H\
H@:\8@ F4(>":Z 24VDC!

1.3 ?F>@&>"b B:"H" NCT101

?$@2>"R,>4b @F>@&>@6 B:"HZ NCT101:
C"2XbF>,>4, @$@2>"R,>4b &>,T>Z6 D"2X.<@& F<@HD4 >" BD,*Z*JV,6 FHD">4P,.
 – F1: A:"&8@&"b FH"&8" 6,3 A,
 – B1: 94H4,&"b $"H"D,b *:b R"F@& H,8JV,(@ &D,<,>4 (RTC, Real Time Clock),
 – P1: C"2X.< :,>H@R>@(@ 8"$,:b *:b @BP4@>":\>@(@ <@*J:b FEW,
 – P3, P4: D"2X.< *:b B4H">4b &,>H4:bH@D@& <@*J:b ETX,
 – M1: E,D&4F>Z6 D"2X.< *:b JFH">@&84 @BP44 (HDD, B4H">4, ED) FEW,
 – SO1: C"2X.< @BP4@>":\>@6 B:"HZ TACHO.

?F>@&>"b B:"H" NCT101
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;@*J:\ ETX: IBD"&:,>4b NCT 101 <@(JH $ZH\ B@FH"&:,>Z F <@*J:,< ETX D"2:4R>ZN
H4B@&. 32-2" ^H@(@ &,DF4b BD@(D"<<>@(@ @$,FB,R,>4b JBD"&:,>46 NCT101
<@(JH $ZH\ D"2:4R>Z<4 (101, 102), & 2"&4F4<@FH4 @H "BB"D"HJD>@(@
@$,FB,R,>4b.

A:"H" CF: E@ND">b,HFb & B:"H, CF:
 – BD@(D"<<" 2"BJF8" (boot),
 – F4FH,<>"b BD@(D"<<" @$,FB,R,>4b
 – BD@(D"<<" BD@42&@*FH&" *,H":,6.

% @F>@&>J` B:"HJ NCT101 &FHD@,>Z $:@8 B4H">4b, P,>HD":\>Z6 <@*J:\, 42<,D4H,:\-
>@6 F4FH,<Z 4 4>,DL,6F JBD"&:,>4b.

1.3.1 A4H">4, NCT101

#:@8 B4H">4b JBD"&:,>4, >"N@*4HFb >" @F>@&>@6 B:"H,. ):b JBD"&:,>4b HD,$J,HFb
B,D,<,>>@, >"BDb0,>4, 24 VAC, B@*8:`R",<@, & D"2X.< PS1. A4H">4,  <@0>@
@$,FB,R4H\ 4 B@FH@b>>Z6 >"BDb0,>4,< 24 VDC. A@HD,$:,>4, H@8" JBD"&:,>4,<:

2A (42<,Dbb >" 24 VAC).

1.3.2 32<,D4H,\H>"b F4FH,<", &FHD@,>>"b & @F>@&>J` B:"HJ NCT101

EHD@,>4, 42<,D4H,:\(@6 F4FH,<Z 
32<,D4H,:\>"b F4FH,<" JFH">@&:,>" *:b BD4.<" 4 &&@*@& 4 4 &Z&@*@& *"HR48". 
%&@*Z *"HR48" BD4(@*>Z H@:\8@ *:b BD4.<" F4(>":@& 42<,D4H,:b N@*" JD@&>b TTL.
A@FHD@,>Z 4 ">":@(@&ZN &Z&@*@&, @$,FB,R4&"`V4, @F>@&>@6 F4(>": F8@D@FH4

BD4&@*". ?BP4@>":\>@ <@0>@ B@*8:`R4H\ 8 B:"H, 4 B:"H" TACHO, F@2*"`V"b
F4(>": H"N@ *:b BD4&@*@& 42 4<BJ:\F@& *"HR48". G"8@, D,T,>4, <@0>@
4FB@:\2@&"H\ H@:\8@ H@(*", ,F:4 &D"V"`V46Fb *"HR48 JFH">@&:,> >" @F4
*&4("H,:b, BD4 42<,D4H,:\>ZN D,,8 >,:\2b BD4<,>4H\.

=" B:"H, D"2X.< N1 T4>" CAN B@2&@:b,H P4LD@&@, @$,FB,R4&">4, 4 BD4&@*@&.

%&@*Z 4 &Z&@*Z 42<,D4H,:\>@6 F4FH,<Z <@0>@ 4FB@:\2@&"H\ *:b *:b @F,6 F
D,(J:4DJ,<@6 B@24P4,6 4:4 *:b 42<,D.>>ZN @F,6, *:b TB4>*,:b, " H"80, *:b &Z*"R4
">":@(@&@(@ &Z&@*" 
?Fb<4 F D,(J:4D@&">>@6 B@24P4,6 <@(JH $ZH\ :
 – @F4 NC. ?Fb<4 NC b&:b`HFb @F4, *@FH4(",<Z, 42 BD@(D"<<Z BD@42&@*FH&" *,H":,6

B@ @BD,*,:.>>@<J "*D,FJ (X, Y, ...C). AD4 2"*"R, B"D"<,HD@& >,@$N@*4<@
&Z*,:4H\ & (DJBB, B"D"<,HD@& AXIS, RH@ 8 8"8@6 :@(4R,F8@6 @F4 (FFZ:8"
$J8&"<4: X, Y, Z, ...) 8"8J` L424R,F8J` @F\ (FFZ:8" P4LD"<4: 1, 2,  ...4) 0,:",<
>"2>"R4H\. %Z*,:,>4,< L424R,F8@6 @F4 D,T",HFb, >"BD4<,D, RH@ F 8"84<
>@<,D@< 42 &&@*@& *"HR48" @F4  X F>4<"H\ >J0>Z, 4<BJ:\FZ *"HR48" *:b
42<,D,>4b N@*", *":,,, RH@ F 8"84< >@<,D@< 42 D"2X.<@& *"HR48" @F>@&>@(@
F4(>":" B@:JR4H\ @F>@&>@6 F4(>": *:b BD4&@*"  X.

 – ?F4 PLC. 32 BD@(D"<<Z BD@42&@*FH&" *,H":,6 >,:\2b >,B@FD,*FH&,>>@ FFZ:"H\Fb
>" @F4 PLC. ?>4 B@:JR"`H 8@<">*J *&40,>4b R,D,2 BD@(D"<<J PLC BD4
&ZB@:>,>44 8"8@6-H@ LJ>8P44. 1"B4F"& 4>*48"H@D@& Y630, ..., Y633  & 1,  PLC
*"FH F4(>":, RH@ *">>"b @F\ B@:JR",H F&@. JBD"&:,>4, @H >,(@. E 4>*48"H@D"<4
F:,*J,H @$D"V"H\Fb &F,(*" B@ >@<,DJ L424R,F8@6 @F4.

SB4>*,:4, <@(JH HD,$@&"H\ &&@*" *"HR48" F4(>":" 4 &Z&@*" @F(>@&>@(@ F4(>":".
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!>":@(@&Z6 (4:4 P4LD@&@6) &Z&@* F&@$@*>@(@ BD4<,>,>4b <@0>@ H"80, B@FHD@4H\.
%&@*Z *"HR48@& F4(>":" <@0>@ 4FB@:\2@&"H\:
 ):b &&@*@& *"HR48" B@:@0,>4b @F,6 F D,(J:4D@&">>@6 B@24P4,6. G"8@6 F:JR"6

<@0>@ 2"*"&"H\, 2"B4F"& B"D"<,HDZ 446n NOLOOPn & 0. AD4 ^H@< >"
F@@H&,HFH&J`V,< ">":@(@&@< &Z&@*,, BD4>"*:,0"V,< 8 42<,D4H,:` N@*"
(BD4 2>"R,>44 0 B"D"<,HD" 486n DIGITALn) JBD"&:,>4,< &ZBJF8",HFb
">":@(@&Z6 @F>@&>@6 F4(>": F8@D@FH4 *:b BD4&@*", " BD4 2>"R,>44 1
B"D"<,HD"  486n DIGITALn R,D,2 T4>J EAN &ZBJF8",HFb P4LD@&@6 @F>@&>@6
F4(>":, B@F:, @$D"$@H84 *">>ZN 42<,D4H,:b N@*" .

):b &&@*@& *"HR48" B@:@0,>4b @F,6 F >,D,(J:4D@&">>@6 B@24P4,6. G"8@6 F:JR"6
<@0>@ 2"*"&"H\, 2"B4F"& B"D"<,HDZ 446n NOLOOPn & 1. % ̂ H@< F:JR", F4(>":Z
*"HR48" 4FB@:\2J,< H@:\8@ *:b 42<,D,>4b N@*" 4 4>*48"P44 B@24P44, &ZBJF8
@F>@&>@(@ F4(>":" >" ">":@(@&@< (4:4 P4LD@&@<) &Z&@*,, @H>@Fb&T,< 8 &&@*J
*"HR48", >, BD@4FN@*4H. A@24P4` F@@H&,HFH&J`V,6 @F4 <@0>@ F>4<"H\ F
4>*48"H@D".

 AD4.< @F>@&>@(@ F4(>":"  &D"V"`V,(@ *"HR48", @$@DJ*@&">>@(@ >" TB4>*,:,.  A"-
D"<,HD@< 5025 IOSELS1 @BD,*,:b,HFb, RH@ 8"8@6 42 &&@*@& *"HR48"
4FB@:\2@&"H\ *:b TB4>*,:b.

A>":@(@&Z, (4:4 P4LD@&Z,) &Z&@*Z <@0>@ 4FB@:\2@&"H\:
 ):b &&@*" @F>@&>@(@ F4(>":" F8@D@FH4 @F,6 F D,(J:4D@&">>@6 B@24P4,6. G"8@6

F:JR"6 <@0>@ 2"*"&"H\, 2"B4F"& B"D"<,HDZ 446n NOLOOPn & 0. % ^H@< F:JR",
JBD"&:,>4,< &ZR4F:b,HFb @F>@&>@6 F4(>": F8@D@FH4 42 F4(>":@& &&@*"
42<,D4H,:b N@*", @H>@Fb&T4N 8 ">":@(@&@<J (4:4 P4LD@&@<J) &Z&@*J, 4
&Z*".HFb @F>@&>@6 F4(>": & FH@D@>J BD4&@*".

):b &Z&@*" @F>@&>@(@ F4(>":" TB4>*,:b. ?BD,*,:.>>Z6 B"D"<,HD@< 5025 IOSELS1
&Z&@* <@0>@ 4FB@:\2@&"H\ *:b &Z&@*" @F>@&>@(@ F4(>":" F8@D@FH4 TB4>*,:b.

):b ">":@(@&@(@ (4:4 P4LD@&@(@) &Z&@*" BD@42&@:\>@(@ >"2>"R,>4b. ?BD,*,:.>>Z,
B"D"<,HD@< 010n COMMANDn &Z&@*Z, 2"BD@(D"<<4DJ,<Z, R,D,2 D,(4FHDZ
PLC, <@0>@ 4FB@:\2@&"H\ *:b BD@42&@:\>@(@ >"2>"R,>4b. 

 ):b &Z&@*" TaNo (@$D"H>"b F&b2\ F8@D@FH4) BD4 @F>@&>@6 B:"H,, F>"$0,>>@6 @BP4@-
>":\>@6 B:"H@6 H"N@.

32 BD4&,*.>>@6 >40, H"$:4PZ &4*>@, RH@ 8"8@6 D"2X.< @F>@&>@6 B:"HZ 4 8"8@, B@-
:@0,>4, B"D"<,HD@& BD4>"*:,04H 8 *">>@<J >@<,DJ L424R,F8@6 @F4.
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>@<,D
L424R,F8@
6 @F4

>@<,D
B:"HZ

D"2X.<
*"HR48"
F4(>":"

D"2X.<
F4(>":"
&Z&@*"

&@2<@0>@FH\
BD4<,>,>4b

B"D"<,HD

1 XMU–1 E1 A1, N1
@F\ AXIST1=1

TB4>*,:\ IOSELSn=1; AXISTSn=1

">":@(@&Z6 &Z&@* COMMANDn=1

2 XMU–1 E2 A1, N1
@F\ AXIST2=1

TB4>*,:\ IOSELSn=2; AXISTSn=1

">":@(@&Z6 &Z&@* COMMANDn=2

3 XMU–1 E3 A1, N1
@F\ AXIST3=1

TB4>*,:\ IOSELSn=3; AXISTSn=1

">":@(@&Z6 &Z&@* COMMANDn=3

4 XMU–1 E4 A1, N1
@F\ AXIST4=1

TB4>*,:\ IOSELSn=4; AXISTSn=1

">":@(@&Z6 &Z&@* COMMANDn=4

AD4 2"B@:>,>44 B"D"<,HD@& F:,*4H\ 2" H,<, RH@$Z @BD,*,:4H\ H@:\8@ @*>J LJ>8P4`
*:b @*>@(@ L424R,F8@(@ &&@*" 4:4 &Z&@*". ="BD4<,D: ,F:4 4-HZ6 &Z&@*, &&@* B:"HZ
&Z*,:.> 4 & 8"R,FH&, @F4 (4286 W=1, 4444 AXIST4=1, 4 4464 NOLOOP4=0) 4 TB4>*,:b
H"80, (5025 IOSELS1=4), ^H@ &Z2Z&",H  B,D,$@6 $,2 F@@$V,>4b @$ @T4$8,  BD4
&Z*"R, @F>@&>@(@ F4(>":".

1.3.3 3>H,DL,6F, &FHD@,>>Z6 & @F>@&>J` B:"HJ NCT101

Q4F:@ &&@*@& 4 &Z&@*@&:
R4F:@ &Z&@*@&: 32 + &Z&@* EG!=?7 %79 (Machine On)
R4F:@ &&@*@&: 48.

=" &&@*Z 4 &Z&@*Z <@0>@ FFZ:"H\Fb & BD@(D"<<, PLC 8@<">*"<4 I0ii 4 Y0jj, (*,
ii: 00, ..., 57, 4
jj: 00, ..., 37.

EB,P4L48"P4b 4>H,DL,6F":
 – A4H">4, 4>H,DL,6F" (24 VDC) >"*@ @$,FB,R4H\  F BD4<,>,>4,< &>,T>,(@ B4H">4b.
 – %Z&@*Z 4 &&@*Z 42@:4D@&">Z @H ^:,8HD@>484 JBD"&:,>4b,
 – AD4<,>b,<@, >"BDb0,>4,: 24 VDC (>, <,>,, 20 VDC, >, $@:,, 30 VDC),
 – BD,*,: >"(DJ284 &Z&@*@&: >, $@:, 500 <A (42<,Dbb >" 24VDC),
 – BD,*,: >"(DJ284 &&@*@&: 8,5 <A (42<,Dbb >" 24VDC).
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1.4 ?BP4@>":\>"b B:"H" NCT101 FEW

7 JBD"&:,>4` NCT101 <@0>@ B@*8:`R4H\ B:"HJ PC (<@*J:\ FEW), F JFH">@&:,>>@6
@B,D"P4@>>@6 F4FH,<@6 Windows XP Embedded.

?$@2>"R,>4b B:"HZ NCT101 FEW:
 – P1: C"2X.< :,>H@R>@(@ 8"$,:b, @$,FB,R4&",H F&b2\ F @F>@&>@6 B:"H@6,
 – H1: D"2X.< @BP4@>":\>@(@ BD4>H,D" (Par"llel port),
 – KB1: D"2X.< F@&<,FH4<@6 8:"&4"HJDZ PS/2. 3FB@:\2@&"H\ H@:\8@ *:b JFH">@&84

BIOS @F>@&>@6 B:"HZ, " H"80, *:b JFH">@&84 BD@(D"<<>@(@ @$,FB,R,>4b.
 – P4: C"2X.< T4>Z IDE. 3FB@:\2@&"H\ H@:\8@ *:b P,:,6 F,D&4F", *:b JFH">@&84 BD@-

(D"<<>@(@ @$,FB,R,>4b,
 – B1: 94H4,&"b $"H"D,b *:b R"F@& H,8JV,(@ &D,<,>4 (RTC, Real Time Clock),
 – RU1: 8@<$4>4D@&">>Z6 D"2X.< USB 4 LAN,
 – V1: C"2X.< *:b &&@*" &4*4@F4(>":". ?> F:J04H *:b F&b24 F &Z&@*@<  (V1) &4*4@F4(-

>":" @F>@&>@6 B:"HZ.
 – V2: &Z&@* *:b B@*8:`R,>4b <@>4H@D" BD4 4FB@:\2@&">44 B:"HZ FEW.
 – P2, P3: C"2X.< *:b B4H">4b &,>H4:bH@D@& <@*J:b ETX.
A:"H" CF: E@ND">b,HFb & B:"H, CF:
 – ?B,D"P4@>>"b F4FH,<" Windows XP Embedded,
 – AD@(D"<<" Fnc, @$,FB,R4&"`V"b 8@<<J>48"P4` <,0*J PC 4 NC (B,D,>.F BD@-

(D"<< & @$, >"BD"&:,>4b, D,04< DNC), *":,,, JBD@V"`V"b F@FH"&:,>4, BD@-
(D"<< BD@42&@*FH&" *,H":,6

 – AD@R4, BD@(D"<<>Z, @$,FB,R,>4b, JFH">@&:,>>Z, & <@*J:\ FEW.

A:"H" NCT101 FEW
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2 IBD"&:,>4, NCT104 F &ZFH"&:,>>@6 B">,:\` @B,D"H@D"

IBD"&:,>4, (NCT104) F &ZFH"&:,>>@6 B">,:\` @B,D"H@D" F@FH@4H 42 *&JN (:"&>ZN <@-
*J:,6:

42 B">,:4 @B,D"H@D" 4 
42 <@*J:b JBD"&:,>4b.

A">,:\ @B,D"H@D", F@*,D0"T"b <@>4H@D, 8:"&4"HJDJ &&@*" *">>ZN 4 @BP4@>":\>@
FH">@R>J` B">,:\ @B,D"H@D", >,@$N@*4<@ @$@DJ*@&"H\ >" FH">@8 >" ^D(@>@<4R,F84
@BH4<":\>@, <,FH@. 
;@*J:\ JBD"&:,>4b P,:,F@@$D"2>@ D"2<,FH4H\ & ^:,8HD4R,F846 T8"L FH">8".

?F>@&>@, B@FHD@,>4,  JBD"&:,>4b  NCT104 F &ZFH"&:,>>@6 B">,:\` @B,D"H@D":
A">,:\ @B,D"H@D":
 – Mo>4H@D: 15"-Z6 P&,H>@6 TFT,
 – A:L"&4H>@-P4LD@&"b 8:"&4"HJD": 79 8:"&4T,
 – Q4F:@ LJ>8P4@>":\>ZN 8:"&4T: 10,
 – Q4F:@ 8:"&4T &Z$@D" <,>`: 6,
 – EH">@R>"b B">,:\ @B,D"H@D": B@:>"b.
;@*J:\ JBD"&:,>4b:
 – P,>HD":\>"b ,*4>"b B:"H" CPU104:

A@F:,*@&"H,:\>Z6 B@DH: 1,
%Z&@* <@>4H@D": VGA-F@&<,FH4<Z6,
%&@* VJB": >, $@:,, 4,
C"2X.< T4>Z CAN *:b B@*8:`R,>4b 8 BJ:\HJ JBD"&:,>4b.

 – B:"H" 42<,D4H,:\>@6 F4FH,<Z 1 TH. XMU2000, 4:4 1 TH. XMU CAN:
Q4F:@ &&@*@& *"HR48" F4(>":" (&<,FH, F@ TB4>*,:,<): >, $@:,, 4,
& F:JR", XMU2000: >, $@:,, 4 a>":@(@&ZN &Z&@*@& (&<,FH, F@ TB4>*,:,<),
& F:JR",  XMU CAN: 2 D"2X.< " T4>Z CAN *:b @$F:J04&">4b 2-2 P4LD@&ZN
BD4&@*@& NCT.

 – 1 TH. B:"H"  4>H,DL,6F" INT2000, 4:4 INT100:
Q4F:@ &&@*@& 4>H,DL,6F": >, $@:,, 56,
Q4F:@ &Z&@*@& 4>H,DL,6F": >, $@:,, 32.

?BP44 &,DF44 NCT104 F &ZFH"&:,>>@6 B">,:\` @B,D"H@D":

 – ;"N@&4R@8: 
&FHD@,>>Z6: @$@DJ*@&">>Z6 >" :4P,&@6 B">,:4, 
&ZFH"&:,>>Z6: & @H*,:\>@6 8@D@$8,, @$@DJ*@&">>Z6 F &8:`R"H,:,< &Z$@D"

@F4 4 4>8D,<,>H", " H"80, 8>@B8@6 "&"D46>@(@ @FH">@&", F 8"$,:,< F
*:4>@6 2< B@*8:`R,>>Z6 8 B">,:4 @B,D"H@D",

B@ @Fb<: 4<,,HFb &@2<@0>@FH\ @$@DJ*@&"H\ @H*,:\>Z6 <"N@&4R@8 & F:JR", J-
BD"&:,>4b H@8"D>Z< FH">8@< >" 8"0*@6 42 @F,6 X 4 Z, " & F:JR",
JBD"&:,>4b LD,2,D>Z< FH">8@< >" 8"0*@6 42 @F,6 X, Y 4 Z. AD4&@* &
*&40,>4, &@2<@0>ZN *":\T, @F,6 @FJV,FH&:b,HFb  @*>4< *@B@:>4-
H,:\>Z< @$V4< <"N@&4R8@<.

 – A:"HZ D"FT4D,>4b 42<,D4H,:\>@6 F4FH,<Z: % 8"R,FH&, D"FT4D,>4b <@0>@
&FHD@4H\ ,V. 2 B:"HZ 42<,D4H,:\>@6 F4FH,<Z. A>":@(@&Z, (XMU2000) 4 P4L-
D@&Z, (XMU CAN) B:"HZ 42<,D4H,:\>@6 F4FH,<Z &@2<@0>@ &FHD@4H\ &
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F4FH,<J 4 F<,T">>@,
 –oBP44  XMU2000:

B:"H"  TACHO: 42 4-N &&@*@& F4(>":" BJH.< BD,@$D"2@&">4b R"FH@HZ -
>"BDb0,>4b F@2*".H 4 a>":@(@&ZN F4(>":@& H"N@,

B:"HZ  EXEI, 4:4 EXEV: BD,@$D"2J,H B:"HJ & BD4(@*>J` *:b BD4.<" F4(>":@&
*"HR48", 4<,`V,(@ >" &Z&@*, F4>JF@4*":\>Z6 H@8 4:4 >"BDb0,>4,, B@
@Fb< @H*,:\>@,

 – oBP4b XMU CAN:
B:"HZ EXEI, 4:4 EXEV: BD,@$D"2J,H B:"HJ & BD4(@*>J` *:b BD4.<" F4(>":@&

*"HR48", 4<,`V,(@ >" &Z&@*, F4>JF@4*":\>Z6 H@8 4:4 >"BDb0,>4,, B@
@Fb< @H*,:\>@,

 – C"FT4D4H,:\>Z, B:"HZ 3>H,DL,6F": ):b D"FT4D,>4b <@0>@ &FHD@4H\ ,V. 3
B:"HZ 4>H,DL,6F". A:"HZ INT2000 4 INT100 <@0>@ &FHD@4H\ 4 F<,T">>@,

 – oBP4b INT100:
B:"H" ADBRD: BD,@$D"2J,H B:"HJ & BD4(@*>J` *:b BD4.<" 4 TH. a>":@(@&ZN

&&@*@& 4 *:b 4N ">":@(@&@ - P4LD@&@(@ BD,@$D"2@&">4b.
 – B:"H" FEW HDD: F >"8@B4H,:,< PC Winchester (HDD), 4>H,(D4D@&">>Z< &

JBD"&:,>4,, F JFH">@&:,>>@6 @B,D"P4@>>@6 F4FH,<@6 WindowsXP.
C,8@<,>*J,HFb BD4<,>4H\ H@:\8@ & @8DJ0,>44 F <":@6 &4$D"P4,6,

 – B:"H" FEW CF: F >"8@B4H,:,< B:"HZ PC CF,  4>H,(D4D@&">>Z< & JBD"&:,>4,, F J-
FH">@&:,>>@6 @B,D"P4@>>@6 F4FH,<@6 WindowsXP Embedded. C,8@<,>*J,HFb
BD4<,>4H\ & @8DJ0,>44 F 4>H,>F4&>@6 &4$D"P4,6.

2.1 %ZFH"&:,>>"b B">,:\ @B,D"H@D"

A">,:\ @B,D"H@D" F@FH@4H 42 HD.N (:"&>ZN <@*J:,6:
42 15"-(@ <o>4H@D" TFT,
4N 8:"&4"HJDZ *:b &&@*" *">>ZN,
4 42 FH">@R>@(@ BJ:\H" JBD"&:,>4b.

EH">*"DH>@6 BD4>"*:,0>@FH\`  JBD"&:,>4b b&:b,HFb <@>4H@D 4 8:"&4"HJD" *:b
&&@*" *">>ZN. 
%ZFH"&:,>>"b B">,:\ @B,D"H@D" HD,$J,H @H*,:\>@, B4H">4,.
7 &ZFH"&:,>>@6 B">,:4 @B,D"H@D" B@*8:`R,> 4 &FHD@,>>Z6 4 &ZFH"&:,>>Z6
<"N@&4R@8.
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94P,&"b B">,:\ &,DF44 F &ZFH"&:,>>@6 B">,:\` @B,D"H@D"
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2.1.1 A@FHD@,>4, <@*J:b <@>4H@D", 4 ,(@ <@>H"0>Z, D"2<,DZ

;@*J:\ <@>4H@D" &8:`R",H & F,$, B@<4<@ P&,H>@(@ 15"-o(@ <@>4H@D" TFT 4 LJ>8P4-
@>":\>Z, 8:"&4T4 4 8:"&4T4 *:b B,D,:4FHZ&">4b. 
A@HD,$>@FH\  B4H">4b <@*J:b <@>4H@D":

100 - 250 VAC, 50/60 'P, 0,6 A
=" 2"*>,6 FH@D@>, <@*J:b 4<,`HFb 8>@B84, F:J0"V4, *:b JFH">@&84 <@>4H@D"
(bD8@FH\, 8@>HD"FH>@FH\, 4 H.*.). 
1*,F\ 0, 4<,,HFb 4 D"2X.< F :,>H@R>Z< 8"*,:,<, @$,FB,R4&"`V46 B,D,*"RJ
F4(>":@& LJ>8P4@>":\>ZN 8:"&4T >" B,R"H>J` B">,:\ 8:"&4"HJDZ &&@*" *">>ZN.

;@>H"0>Z, D"2<,DZ 15"-o(@ <@>4H@D" TFT 4 LJ>8P4@>":\>ZN 8:"&4T
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2.1.2 A@FHD@,>4, 8:"&4"HJDZ *:b &&@*" *">>ZN 4 ,(@ <@>H"0>Z, D"2<,DZ

=" 2"*>,6 FH@D@>, <@*J:b 4<,,HFb B,R"H>"b B">,:\ F 8>@B8"<4, >" >,6 D"2X.<Z F
:,>H@R>Z< 8"$,:,< *:b BD4.<" F4(>":@& LJ>8P4@>":\>ZN 8:"&4T <@*J:b <@>4H@D"
4 8:"&4T FH">@R>@6 8:"&4"HJDZ.
="* >,6 D"FB@:@0,>" B:"H" CTRL_KB, @$D"$"HZ&"`V"b F4(>":Z B">,:4 @B,D"H@D"
4 <"N@&4R8"  4 F@@$V"`V"b 8 <@*J:` JBD"&:,>4b R,D,2 T4>J CAN. A:"H" CTRL_KB
HD,$J,H B4H">4,, RH@ B@:JR4H @H $:@8" B4H">4b <@*J:b JBD"&:,>4b (PS100). 1*,F\
D"FB@:@0,>Z JFH">@&@R>Z, *0"<B,DZ *:b BD4.<" <"N@&4R8@&.

 

;@>H"0>Z, D"2<,DZ  8:"&4"HJDZ *:b &&@*" *">>ZN

1"*>46 &4* 8:"&4"HJDZ *:b &&@*" *">>ZN
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A:"H" CTRL_KB

 – CON_CAN: D"2X.< T4>Z CAN (9p Dsub <"H\). E@,*4>4H\ F D"2X.<@< N2 B:"HJ
CPU104 <@*J:b JBD"&:,>4b. E`*" B@*8:`R",HFb 4 &ZFH"&:,>>Z6 <"N@&4R@8.

 – CON_MACH: D"2X.< F :,>H@R>Z< 8"$,:,<, *:b F@,*4>,>4b F B,R"H>@6 B:"H@6 8:"-
&4T4.

 – SK: D"2X.< B4H">4b. HD,$J,HFb 24 VDC. A4H">4, B@**".HFb @H &Z&@*" S1 $:@8"
B4H">4b  PS100 <@*J:b JBD"&:,>4b.

7@>L4(JD"P4b <"N@&4R8", <@>H4D@&">>@(@ >" :4P,&J` B">,:\:
A:"H" FB@F@$>" BD4>4<"H\ <"N@&4R@8  F D"2D,T,>4,< 25 4<BJ:\F@&/@$@D@H, 4:4 100
4<BJ:\F@&/@$@D@H. ;"N@&4R@8 <@0,H &Z*"&"H\ 4 >,(4D@&">>Z, F4(>":Z (–A, –B), >@
^H@(@ >, HD,$J,HFb.
 – J1: +F:4 0*"<B,D@< 2"<Z8",HFb *&" 8@>H"8H", 4<BJ:\FZ <"N@&4R8" JR,H&,DbHFb

B:"H@6. ]H@ B@:@0,>4, BD4<,>b,HFb BD4 <"N@&4R8" 25 4<BJ:\F@&/@$@D@H. AD4
D"2D,T,>44 <"N@&4R8" 100  4<BJ:\F@&/@$@D@H 0*"<B,D @FH"&4< BJFHZ<.

 – J2, J3: +F:4 @$, B"D 8@>H"8H@& 2"<Z8"H\, >,(4D@&">>Z, F4(>":Z (–A, –B) >, B@*-
8:`R,>Z 8 D"2X.<J H1 FH">@R>@(@ BJ:\H" JBD"&:,>4b.

A:"H"  CTRL_KB
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;@>H"0>Z, D"2<,DZ FH">@R>@6 B">,:4 @B,D"H@D"

2.1.3 A@FHD@,>4, 4 <@>H"0>Z, D"2<,DZ FH">@R>@6 B">,:4 @B,D"H@D"

 7:"&4T4 FH">@R>@6 B">,:4 @B,D"H@D"  F@,*4>,>Z F JBD"&:b`V,6 ̂ :,8HD@>48@6 8:"
&4"HJDZ &&@*" *">>ZN F 50-H4 B@:`F@&Z<  :,>H@R>Z< 8"$,:,<. =" FH">@R>@6 B">,:4
@B,D"H@D" 4<,`HFb *&" $@:\T4N 8>@B@8, B@*8:`R",<ZN B@:\2@Z&aH,:,< &
^:,8HD4R,F846 T8"L FH">8". =" FH">@R>@6 B">,:4 @B,D"H@D" <@0>@ @$@DJ*@&"H\ 4
<"N@&4R@8.
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A@*8:`R,>4b FH">@R>@6 B">,:4 @B,D"H@D"

C"2XbF>,>4, @$@2>"R,>46 >" D4FJ>8,:
 – 7>@B8" EH">@8 &8:: =" 8>@B8, 4<,,HFb D"2<Z8"`V46 8@>H"8H, 2"<Z8"`V46

8@>H"8H 4 :"<B".
="(DJ0",<@FH\ 8@>H"8H@&: U<"8F: 250V AC, I<"8F: 6A AC.
)">>Z, :"<BZ: U:"<B" 24V, 2.5W.

 – 7>@B8" "&"D46>@(@ @FH">@&": =" 8>@B8, 4<,,HFb 2 TH. D"2<Z8"`V,(@ 8@>H"8H".
="(DJ0",<@FH\ 8@>H"8H@&: U<"8F: 250V AC, I<"8F: 6A AC.

 – H1: D"2X.< 25p Dsub *:b BD4.<" F4(>":@&  (&FHD@,>>@(@) <"N@&4R8",
@$@DJ*@&">>@(@ >" :4P,&@6 B">,:4.

 – X1: EHD@R>Z6 8:,<< *:b BD4.<" F4(>":@& B,D&@(@ 8@>H"8H" "&"D46>@(@ @FH">@&",
@$@DJ*@&">>@(@ >" &ZFH"&:,>>@< <"N@&4R8,. E`*" <@0>@ B@*8:`R4H\ H@:\8@
F4(>":Z 24VDC!

 – X2: EHD@R>Z6 8:,<< *:b BD4.<" F4(>":@& &H@D@(@ 8@>H"8H" "&"D46>@(@ @FH">@&",
@$@DJ*@&">>@(@ >" &ZFH"&:,>>@< <"N@&4R8,. E`*" <@0>@ B@*8:`R4H\ H@:\8@
F4(>":Z 24VDC!



2 IBD"&:,>4, NCT104 F &ZFH"&:,>>@6 B">,:\` @B,D"H@D"

25

;@>H"0>Z, D"2<,DZ <@*J:b JBD"&:,>4b NCT104

2.2 A@FHD@,>4, 4 <@>H"0>Z, D"2<,DZ <@*J:b JBD"&:,>4b NCT104

;@*J:\ JBD"&:,>4b <4>4<":\>@ &8:`R",H & F,$b $:@8 B4H">4b, B:"HJ  CPU104,  *":,,
F@*,D04H 1 B:"HJ XMU 4 1 B:"HJ INT. A:"H" P,>HD":\>@(@ <@*J:b CPU104
<@>H4DJ,HFb &F,(*" Db*@< F $:@8@< B4H">4b.



2 IBD"&:,>4, NCT104 F &ZFH"&:,>>@6 B">,:\` @B,D"H@D"

26

C"2X.<Z :4P,&@6 B">,:4 B:"HZ P,>HD":\>@(@ <@*J:b CPU104

2.3 A:"H" P,>HD":\>@(@ <@*J:b CPU104

% <@*J:\ JBD"&:,>4b  NCT104 <@0>@ &FHD@4H\ 1 TH. B:"HZ  CPU104. O,:,F@@$D"2>@
F:,*J,H D"2<,FH4H\ Db*@< F $:@8@< B4H">4b, 4>"R, 2">b: $Z <,FH@ 2-N B:"H 42-2"
@$@DJ*@&">>Z6 >" 2"*>,6 B">,:4 <@*J:b ETX (42-2a CPU B:"HZ).

1"2X.<Z B:"HZ P,>HD":\>@(@ <@*J:b CPU104:
 – V1: %Z&@* &4*4@ (VGA-F@&<,FH4<Z6).
 – PS/2: PS/2 -F@&<,FH4<Z6 D"2X.< 8:"&4"HJDZ. 3FB@:\2@&"H\ <@0>@ H@:\8@ *:b

JFH">@&84 BIOS @F>@&>@6 B:"HZ.
 – P1: C"2X.< &&@*@& VJB".
 – S1: C"2X.< B@F:,*@&"H,:\>@(@ B@DH" RS-232C.
 – N2: C"2X.< T4>Z CAN *:b B@*8:`R,>4b &ZFH"&:,>>@(@ BJ:\H" JBD"&:,>4b.

?$@2>"R,>4b B:"HZ P,>HD":\>@(@ <@*J:b NCT104:
C"2XbF>,>4, @$@2>"R,>46 &>,T>4N D"2X.<@& F<@HD4 &ZT,.
 – B1: 94H4,&"b $"H"D,b *:b R"F@& H,8JV,(@ &D,<,>4 (RTC, Real Time Clock),
A:"H" CF: % B:"H, CF F@ND">b,HFb:
 – AD@(D"<<" 2"BJF8" (boot),
 – AD@(D"<<>@, @$,FB,R,>4, F4FH,<Z
 – AD@(D"<<Z BD@42&@*FH&" *,H":,6.

A:"H" P,>HD":\>@(@ <@*J:b NCT104
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2.4 A:"HZ 42<,D4H,:\>@6 F4FH,<Z XMU

% <@*J:\ JBD"&:,>4b NCT104 <@0>@ &FHD@4H\ >, $@:,, 3 TH. B:"H 42<,D4H,:\>@6 F4F-
H,<Z. A:"HZ 42<,D4H,:\>@6 F4FH,<Z <@0>@ &FHD@4H\ 4 F<,T">>@, H@ ,FH\ & H@H 0,
F"<Z6 <@*J:\ JBD"&:,>4b <@0>@ &FHD@4H\ 4 P4LD@&J` (XMU CAN) 4 ">":@(@&J`
(XMU2000) B:"HJ 42<,D4H,:\>@6 F4FH,<Z.
E B,D,<ZR8"<4 F@ 2>"8@< B:">" J1, J2, 4<,`V,(@Fb >"B:"H,, <@0>@
8@>L4(JD4D@&"H\ "BB"D"HJD>@, @$@,FB,R,>4, F:,*J`V4< @$D"2@<:

>@<,D B:"HZ J1 J2

XMU – 1 @H8DZH@ @H8DZH@

XMU – 2 2"8DZH@ @H8DZH@

XMU – 3 @H8DZH@ 2"8DZH@

A@FHD@,>4, B:"H 42<,D4H,:\>@6 F4FH,<Z 
A:"HZ 42<,D4H,:\>@6 F4FH,<Z $Z:4 B@FHD@,>Z *:b BD4.<" 4 &&@*@& *"HR48"
F4(>":@& 4 &Z*"R4 4 &Z&@*@&. 
%&@*Z *"HR48@& F4(>":@& BD4(@*>Z *:b BD4.<" F4(>":@& 42<,D4H,:b N@*" JD@&>b

TTL. ?BP4@>":\>@ <@0>@ B@FHD@4H\ F B:"H@6  EXEI, 4:4 F B:"H@6  EXEV *:b
BD4.<" F4>JF@4*":\>ZN &Z&@*@&, BD4 ̂ H@< BD4.<>"b P,B\ 5-8D"H>@ J&,:4R4H
F4>JF@4*":\>Z6 F4(>":, 2"H,< BD,@$D"2J,H 4N & 4<BJ:\FZ TTL.

=" B:"H, XMU2000 B@FHD@,>Z 4 a>":@(@&ZN &Z&@*@&, 8@H@DZ, *"`H @F>@&>@6 F4(>":
F8@D@FH4. ?BP4@>":\>@ <@0>@ B@*8:`R4H\ 4 B:"HJ TACHO 8 B:"H, XMU,
8@H@DZ, 42 4<BJ:\F@& *"HR48" F@2*"`H H"N@ F4(>":Z *:b BD4&@*@&. G"8@,
D,T,>4, <@0>@ 4FB@:\2@&"H\ H@:\8@ H@(*", ,F:4 &D"V"`V46Fb *"HR48
@$@DJ*@&"> >" @F4 *&4("H,:b, & F:JR", 42<,D4H,:\>ZN D,,8 >,:\2b BD4<,>4H\.

=" B:"H, XMU CAN B@FHD@,>Z 2 T4>Z CAN *:b @$F:J04&">4b 2 - 2-N P4LD@&ZN
BD4&@*@&.

IBD"&:,>4, FB@F@$>@ @$D"V"H\Fb &Z&@*"<4 >, $@:,, 8 TH.@F,6 F D,(J:4D@&">>Z< B@-
:@0,>4,<, 2-N TB4>*,:,6 4 2-<b a>":@>(@&Z<4, 4:4 P4LD@&Z<4 &Z&@*"<4.

?Fb<4 F D,(J:4DD@&">>Z<4 B@:@0,>4b<4 <@(JH $ZH\:
 – ?F4 NC. ?Fb<4 NC b&:b`HFb H, @F4, 8@H@DZ, <@0>@ *@FH4R\ 42 BD@(D"<<Z BD@42-

&@*FH&" *,H":,6 B@ @BD,*,:.>>@<J "*D,FJ (X, Y, ...C). % N@*, 2"*"R4 B"D"<,HD@&
F:,*J,H &Z*,:4H\ & (DJBB, B"D"<,HD@& AXIS, RH@ 8 8"8@6 42 :@(4R,F84N @F,6
(FFZ:8" F $J8&@6: X, Y, Z, ...) 8"8J` L424R,F8J` @F\ (FFZ:8" F P4LD@6: 1, 2,
...8) 0,:",<  >"2>"R4H\. %Z*,:,>4,< L424R,F8@6 @F4 D,T",HFb, RH@
>"BD4<,D,RH@  @F\ X  F 8"8@(@ >@<,D" &&@*" *"HR48" 4 42 8"8@6 B:"HZ *@:0>"
$D"H\4<BJ:\FZ *"HR48", >,@$N@*4<Z, *:b 42<,D,>4b N@*", *":,e,  RH@  F
8"8@(@ >@<,D" H@R84 D"2X.<"  @F>@&>@(@ F4(>":" 8"8@6 B:"HZ B@:JR4<
@F>@&>@6 F4(>": *:b BD4&@*" X.

 – ?F4 PLC. =" @F4 PLC >, F<@0,< >,B@FD,*FH&,>>@ FFZ:"H\Fb 42 BD@(D"<<Z BD@42-
&@*FH&" *,H":,6. ?>4 B@:JR"H 8@<">*J *&40,>4b R,D,2 BD@(D"<<J PLC BD4 &Z-
B@:>,>44 8"8@6-H@ LJ>8P44. 1"B4F"& 4>*48"H@DZ Y630, ..., Y637 & 1, PLC *"FH
F4(>":, RH@ *">>"b @F\ @H >,(@ B@:JR4H F&@. JBD"&:,>4,. 3>*48"H@D"<4
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F:,*J,H @$D"V"H\Fb &F,(*" B@ >@<,DJ L424R,F8@6 @F4.
IBD"&:,>4, FB@F@$>" @$D"V"H\Fb B@ @Fb< H@:\8@ @Fb<4 B,D&ZN *&JN B:"H XMU.
SB4>*,:4, 8@H@DZ, <@(JH HD,$@&"H\ &&@*" *"HR48" 4 &Z&@*" @F>@&>@(@ F4(>":" ,

<@0>@ 8@>L4(JD4D@&"H\ >" &F, HD4 B:"HZ, *"0, 4 H@(*", ,F:4 >"*@ J<,H\ 4N
@D4,>H4D@&"H\ 4 4>*,8F4D@&"H\.

A>":@(@&Z6 (4:4 P4LD@&@6) &Z&@* BD@42&@:\>@(@ BD4<,>,>4b H"80, <@0>@
B@FHD@4H\  >" &F,N HD.N B:"H"N.

%&@*Z *"HR48" <@0>@ 4FB@:\2@&"H\:
 % 8"R,FH&, &&@*@& *"HR48" B@:@0,>4b @F,6 F D,(J:4D@&">>Z< B@:@0,>4,< . G"8@6

F:JR"6 <@0>@ 2"*"&"H\ 2"B4F"& & 0 B"D"<,HDZ 446n NOLOOPn. AD4 ̂ H@< >" F@-
@H&,HFH&J`V,< ">":@(@&@< &Z&@*, (BD4 2>"R,>44 0 B"D"<,HD" 486n DIGITALn),
@H>@FbV,< 8 42<,D4H,:` N@*", &Z*".HFb JBD"&:,>4,< ">":@(@&Z6 @F>@&>@6
F4(>": F8@D@FH4 & FH@D@>J BD4&@*", a BD4 2>"R,>44 1 B"D"<,HD" 486n DIGITALn
R,D,2 T4>J CAN  &Z*".H P4LD@&@6 @F>@&>@6 F4(>":, B@F:, @$D"$@H84 *">>ZN
42<,D4H,:b N@*".

 % 8"R,FH&, &&@*@& 42<,D4H,:,6 N@*" @F,6 F >,D,(J:4D@&">>Z< B@:@0,>4,<. G"8@6
F:JR"6 <@0>@ 2"*"&"H\ 2"B4F"& & 1 B"D"<,HDZ 446n NOLOOPn. % ^H@< F:JR",
F4(>":Z *"HR48" 4FB@:\2J`HFb H@:\8@ *:b 42<,D,>4b N@*" 4 4>*48"P44
B@24P44, >" ">":@(@&@< (4:4 P4LD@&@<) &Z&@*,, @H>@Fb&T,(@ 8 &&@*J *"HR48",
&Z*"R" @F>@&>@(@ F4(>":" >, BD@4FN@*4H. A@24P4b F@@H&,HFH&J`V,6 @F4
R4H",HFb >" 4>*48"H@D,.

 AD4.< F4(>":@& &D"V"`V,(@Fb *"HR48", @$@DJ*@Z&">>@(@ >" TB4>*,:,.  A"D"<,H-
D@< 5025 IOSELS1 @BD,*,:b,HFb, RH@ 8"8@6 42 &&@*@& *"HR48" 4FB@:\2J,< *:b
TB4>*,:b.

A>":@(@&Z, (4:4 P4LD@&Z,) &Z&@*Z <@0>@ 4FB@:\2@&"H\:
 % 8"R,FH&, &Z&@*@& F8@D@FH4  @F,6 F D,(J:4D@&">>Z< B@:@0,>4,<. G"8@6 F:JR"6

<@0>@ 2"*"&"H\ 2"B4F"& & 0 B"D"<,HDZ 446n NOLOOPn. AD4 ^H@< 42 F4(>":@&
&&@*" 42<,D4H,:b N@*", @H>@FbV,(@Fb 8 ">":@(@&@<J (4:4 P4LD@&@<J) &Z&@*J,
JBD"&:,>4,< &ZR4F:b,HFb  @F>@&>@6 F4(>": F8@D@FH4, 4 &Z*".HFb @F>@&>@6
F4(>": & FH@D@>J BD4&@*".

 % 8"R,FH&, &Z&@*@& @F>@&>@(@ F4(>":" TB4>*,:b. %Z&@*, @BD,*,:.>>Z6 B"D"<,HD@<
5025 IOSELS1, <@0>@ 4FB@:\2@&"H\ & 8"R,FH&,  &Z&@*" @F>@&>@(@ F4(>":"
F8@D@FH4 TB4>*,:b  .

 % 8"R,FH&, ">":@(@&ZN (4:4 P4LD@&ZN) &Z&@*@& BD@42&@:\>@(@ >"2>"R,>4b. %Z&@*Z,
@BD,*,:.>>Z, B"D"<,HD@< 010n COMMANDn, BD@(D"<<4DJ,<Z, R,D,2
D,(4FHDZ PLC, <@0>@ 4FB@:\2@&"H\ *:b BD@42&@:\>ZN P,:,6. 

 %Z&@* G"N@ (@$D"H>"b F&b2\ F8@D@FH4) BD4 B:"H, XMU2000, F>"$0.>>@6 @BP4@>":\-
>@6 B:"H@6 H"N@.

32 >40,BD4&,*.>>@6 H"$:4PZ &4*>@, RH@ 8"8@6 D"2X.< B:"HZ XMU, 4 8"8@,
B@:@0,>4, B"D"<,HD@& @H>@F4HFb 8 L424R,F8@<J >@<,DJ @F4.
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L424R,F84
6 >@<,D
@F4

>@<,D
B:"HZ

D"2X.<
*"HR48"

D"2X.<
&ZN@*>@(@
F4(>":"

&@2<@0>@FH\
BD4<,>,>4b

B"D"<,HD

1 XMU–1 E1 A1, C1
@F\ AXIST1=1

TB4>*,:\ IOSELSn=1; AXISTSn=1

a>":@(@&Z6 &Z&@* COMMANDn=1

2 XMU–1 E2 A1, C1
@F\ AXIST2=1

TB4>*,:\ IOSELSn=2; AXISTSn=1

a>":@(@&Z6 &Z&@* COMMANDn=2

3 XMU–1 E3 A1, C2
@F\ AXIST3=1

TB4>*,:\ IOSELSn=3; AXISTSn=1

a>":@(@&Z6 &Z&@* COMMANDn=3

4 XMU–1 E4 A1, C2
@F\ AXIST4=1

TB4>*,:\ IOSELSn=4; AXISTSn=1

a>":@(@&Z6 &Z&@* COMMANDn=4

5 XMU–2 E1 A1, C1
@F\ AXIST5=1

TB4>*,:\ IOSELSn=5; AXISTSn=1

a>":@(@&Z6 &Z&@* COMMANDn=5

6 XMU–2 E2 A1, C1
@F\ AXIST6=1

TB4>*,:\ IOSELSn=6; AXISTSn=1

a>":@(@&Z6 &Z&@* COMMANDn=6

7 XMU–2 E3 A1, C2
@F\ AXIST7=1

TB4>*,:\ IOSELSn=7; AXISTSn=1

a>":@(@&Z6 &Z&@* COMMANDn=7

8 XMU–2 E4 A1, C2
@F\ AXIST8=1

TB4>*,:\ IOSELSn=8; AXISTSn=1

a>":@(@&Z6 &Z&@* COMMANDn=8

9 XMU–3 E1 A1, C1
TB4>*,:\ IOSELSn=9; AXISTSn=1

a>":@(@&Z6 &Z&@* COMMANDn=9

10 XMU–3 E2 A1, C1
TB4>*,:\ IOSELSn=10; AXISTSn=1

a>":@(@&Z6 &Z&@* COMMANDn=10

11 XMU–3 E3 A1, C2
TB4>*,:\ IOSELSn=11; AXISTSn=1

a>":@(@&Z6 &Z&@* COMMANDn=11

12 XMU–3 E4 A1, C2
TB4>*,:\ IOSELSn=12; AXISTSn=1
a>":@(@&Z6 &Z&@* COMMANDn=12

AD4 2"B@:>,>44 B"D"<,HD@& F:,*4H, 2" H,<, RH@$Z @BD,*,:4:4 H@:\8@ @*>J LJ>8P4`
*:b @*>@(@ L424R,F8@(@ &&@*", &Z&@*". ="BD4<,D: ,F:4 4-6 &Z&@* B:"HZ 1. XMU J0,
&Z*,:.> 4 & 8"R,FH&, @F4 (4286 W=1, 4444 AXIST4=1, 4 4464 NOLOOP4=0) 4 TB4>*,:b
(5025 IOSELS1=4), ^H@ BD4&@*4H 8 B,D,$@` $,2 F@@$V,>4b @$ @T4$8, BD4 &Z*"R, @-
F>@&>@(@ F4(>":".
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C"2X.<Z :4P,&@6 B">,:4 ">":@(@&@6 B:"HZ XMU2000 42<,D4H,:\>@6 F4FH,<Z

% 8"R,FH&, @F4 JBD"&:,>4, <@0,H @$D"V"H\Fb H@:\8@ @Fb<4 B,D&ZN *&JN B:"H XMU.

2.4.1 A>":@(@&"b B:"H" XMU2000 42<,D4H,:\>@6 F4FH,<Z

C"2X.<Z ">":@(@&@6 B:"HZ XMU2000 42<,D4H,:\>@6 F4FH,<Z:
 – A1: C"2X.< ">":@(@&ZN &Z&@*@& & FH@D@>J BD4&@*".
 – E1, ..., E4: C"2X.<Z &&@*@& *"HR48" F4(>":".

?$@2>"R,>4b ">":@(@&@6 B:"HZ XMU2000 42<,D4H,:\>@6 F4FH,<Z
C"2XbF>,>4, @$@2>"R,>46 &>,T>4N D"2X.<@& F<@HD4 &ZT,.
 – J1, J2: )0"<B,DZ 8@>L4(JD"P44, 8@H@DZ<4 <@0>@ &Z*,:4H\, 8"8@6 >@<,D B:"HZ

0,:",<. E<@HD4 D"2*,: 2.4 A:"HZ 42<,D4H,:\>@6 F4FH,<Z XMU >" FHD">4P,
27.

 – SO1, ..., SO4: C"2X.< @BP4@>":\>ZN B:"H EXEI, 4:4 EXEV, BD,@$D"2J`V4N F4(>":Z
F4>JF@4*":\>ZN *"HR48@&.

 – SO6: C"2X.< @BP4@>":\>@6 B:"HZ TACHO.

A>":@(@&"b B:"H" XMU2000 42<,D4H,:\>@6 F4FH,<Z
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C"2X.<Z :4P,&@6 B">,:4 P4LD@&@6 B:"HZ XMU CAN 42<,D4H,:\>@6 F4FH,<Z

2.4.2 O4LD@&"b B:"H" XMU CAN 42<,D4H,:\>@6 F4FH,<Z

C"2X.<Z P4LD@&@6 B:"HZ XMU CAN 42<,D4H,:\>@6 F4FH,<Z:
 – C1: C"2X.< T4>Z CAN *:b P4LD@&ZN BD4&@*@& H4B" NCT. ):b BD4&@*@& @F,6, @H>@-

FbT4NFb 8 &&@*"< *"HR48" E1 4 E2.
 – C2: C"2X.< T4>Z CAN *:b P4LD@&ZN BD4&@*@& H4B" NCT. ):b BD4&@*@& @F,6, @H>@-

FbT4NFb 8 &&@*"< *"HR48" E3 4 E4.
 – E1, ..., E4: C"2X.<Z &&@*@& *"HR48".

?$@2>"R,>4b P4LD@&@6 B:"HZ XMU CAN 42<,D4H,:\>@6 FF4H,<Z:
C"2XbF>,>4, @$@2>"R,>46 &>,T>4N D"2X.<@& F<@HD4 &ZT,.
 – J1, J2: )0"<B,DZ 8@>L4(JD"P44, 8@H@DZ<4 <@0>@ &Z*,:4H\, 8"8@6 >@<,D B:"HZ

0,:",<. E<@HD4 D"2*,: 2.4 A:"HZ 42<,D4H,:\>@6 F4FH,<Z XMU >" FHD">4P,
27.

 – SO1, ..., SO4: C"2X.< @BP4@>":\>ZN B:"H EXEI, 4:4 EXEV, BD,@$D"2J`V4N F4(>":Z
F4>JF@4*":\>ZN *"HR48@&.

O4LD@&"b B:"H" XMU CAN 42<,D4H,:\>@6 F4FH,<Z
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C"2X.<Z :4P,&@6 B">,:4 B:"HZ 4>H,DL,6F" INT2000

2.5 A:"HZ 4>H,DL,6F" INT

% <@*J:\ JBD"&:,>4b NCT104 <@0>@ &FHD@4H\ >, $@:,,  4 TH. B:"HZ 4>H,DL,6F".
=@<,D B:"HZ <@0>@ JFH">@&4H\ *0"<B,D@<, 4<,`V,<Fb >" B:"H,. 
A,D&Z6 4>*,8F (n: 0, 1, 2, 3) & FFZ:8"N (Inii, Ynii) PLC >" &&@*Z 4 &Z&@*Z  @H>@F4HFb
&F,(*" >" >@<,D B:"HZ 4>H,DL,6F" (1, 2, 3, 4).
=" B:"H"N 4>H,DL,6F" (INT2000 4 INT100):

R4F:@ &Z&@*@&: 32 + &Z&@* EG!=?7 %79 (Machine On)
R4F:@ &&@*@&: 56.

A:"HJ INT100 <@0>@ 8@>L4(JD4D@&"H\ 4 H"84< @$D"2@<, RH@$Z >,8@H@DZ<4
&Z&@*"<4 <@0>@ $Z:@ B@:\2@&"H\Fb 4 BD4 &Z8:`R,>>@< F@FH@b>44 FH">8". A:"HJ
INT100 <@0>@ B,D,*,:"H\ BD4(@*>@6 *:b BD4.<" @BP4@>":\>ZN ">":@(@&ZN
F4(>":@&.
A:"HZ 4>H,DL,6F" <@0>@ &FHD@4H\ 4 F<,T">>@, H@ ,FH\ & H@H 0, F"<Z6 <@*J:\
JBD"&:,>4b <@0>@ &FHD@4H\ 4 B:"HJ INT2000 4 INT100.

2.5.1 A:"H" 4>H,DL,6F" INT2000

C"2X.<Z B:"HZ 4>H,DL,6F" INT2000:
 – O1: D"2X.< &Z&@*@& 4>H,DL,6F".
 – I1, I2: D"2X.< &&@*@& 4>H,DL,6F".

?$@2>"R,>4b B:"HZ 4>H,DL,6F" INT2000:
C"2XbF>,>4, @$@2>"R,>46 &>,T>4N D"2X.<@& F<@HD4 &ZT,.
 – JMP1, ..., JMP4: <@0>@ JFH">@&4H\ >@<,D B:"HZ 4>H,DL,6F" (1, ..., 4), ,F:4 F@@H-

&,HFH&J`V,, B@:@0,>4,  (JMP1, ..., JMP4) 2"<8>JH\ BD4:@0,>>Z< *0"<B,D@<.

A:"H" 4>H,DL,6F" INT2000
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C"2X.<Z :4P,&@6 B">,:4 B:"HZ 4>H,DL,6F" INT100

EB,P4L48"P4b B:"HZ:
 – A4H">4, 4>H,DL,6F" (24 VDC) >"*@ @$,FB,R4&"H\ F &>,T>,(@ 4FH@R>48" B4H">4b.
 – %&@*Z 4 &Z&@*Z >e 42@:4D@&">Z @H ^:,8HD@>484 JBD"&:,>4b,
 – AD4<,>b,<@, >"BDb0,>4,: 24 VDC (>, <,>,, 20 VDC, >, $@:,, 30 VDC)
 – >"(DJ0",<@FH\ &Z&@*@&: >, $@:,, 200 <A (42<,Dbb >" 24VDC),
 – >"(DJ28" &&@*@&: 2,4 <A (42<,Dbb >" 24VDC).

2.5.2 A:"H" 4>H,DL,6F" INT100

C"2X.<Z B:"HZ 4>H,DL,6F" INT 100:
 – O1: C"2X.< &Z&@*@& 4>H,DL,6F".
 – I1, I2: C"2X.< &&@*@& 4>H,DL,6F".

?$@2>"R,>4b B:"HZ 4>H,DL,6F" INT100:
C"2XbF>,>4, @$@2>"R,>46 &>,T>4N D"2X.<@& F<@HD4 &ZT,.
 – SO1, SO2: D"2X.< @BP4@>":\>@6 ">":@(@&@ - P4LD@&@6 BD,@$D"2J`V,6 B:"HZ

ADBRD,
 – J1: <@0>@ JFH">@&4H\ >@<,D B:"HZ 4>H,DL,6F" (1, ..., 4), ,F:4 F@@H&,HFH&J`V,, B@-

:@0,>4, (1, ..., 4) 2"<8>JH\ BD4:@0,>>Z< *0"<B,D@<.
 – J2: /*"<B,D &Z&@*@& Yn00, ..., Yn17 (1-b (DJBB": CON1, MON1),
 – J3: /*"<B,D &Z&@*@& Yn20, ..., Yn37 (2-b (DJBB" CON2, MON2),
 – A@:@0,>4, CON: & F@@H&,HFH&J`V,6 (DJBB, &Z&@*" <@0,H &8:`R4H\ &Z&@*Z PLC

4 B@F:, &Z8:`R,>4b F4(>":" Machine On,
 – A@:@0,>4, MON: B@F:, &Z8:`R,>4b F4(>":" Machine On & F@@H&,HFH&J`V,6

(DJBB, &Z&@*" &8:`R"`HFb &F, &Z&@*Z, >,2"&4F4<@ @H PLC
%Z&@*Z 4>H,DL,6F" D"2*,:,>Z >" *&, (DJBBZ (Yn00, ..., Yn17 és Yn20, ..., Yn37).
A4H">4, @$,4N (DJBB @$,FB,R4&",HFb @H*,:\>@. % >@D<":\>@< F:JR", &@
&Z8:`R,>>@< F@FH@b>44 F4(>":" Machine On JBD"&:,>4,< @H8:`R"`HFb &F, &Z&@*Z

A:"H" 4>H,DL,6F" INT100
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4 FH">8@< @H>4<",HFb B4H">4,  24VDC @H B:"H 4>H,DL,6F".
AD4 &@2>@8&,>44 HD,$@&">4b,RH@$Z 4 &@ &Z8:`R,>>@< F@FH@b>44 F4(>":" Machine
On 04:4 4 <@0>@ $Z:@ B@:\2@&"H\Fb >,8@H@DZ<4 &Z&@*"<4, F:,*J,H 4N F@$D"H\ &
@*>J (DJBBJ, >, BD,8D"H4H\ 4N B4H">4, BD4 &Z8:`R,>44 F4(>":" Machine On jel 4
*0"<B,D J2, 4:4 J3, @H>@FbV,(@Fb 8 &Z$D">>@6 (DJBB,,  JFH">@&4H\ & B@:@0,>4, CON
(CONtinuos).

EB,P4L48"P4b B:"HZ:
 – A4H">4, 4>H,DL,6F" (24 VDC) >"*@ @$,FB,R4H\ F &>,T>,(@ 4FH@R>48" B4H">4b.
 – %&@*Z 4 &Z&@*Z 42@:4D@&">Z @H ^:,8HD@>484 JBD"&:,>4b,
 – AD4<,>b,<@, >"BDb0,>4,: 24 VDC (>, <,>,, 20 VDC, >, $@:,, 30 VDC),
 – >"(DJ0",<@FH\ &Z&@*@&: >, $@:,, 500 <A (42<,Dbb >" 24VDC),
 – >"(DJ28" &&@*@&: 8,5 <A (42<,Dbb >" 24VDC).
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2.6 A:"HZ FEW (4>H,(D4D@&">>Z6 & JBD"&:,>4, PC)

OBP4@>":\>@ <@0>@ BD48D,B4H\ 8 JBD"&:,>4` B:"HJ PC. ;@0>@ B@:\2@&"H\Fb
B:"H"<4 *&JN &4*@&:
 – B:"H" FEW HDD: 4>H,(D4D@&">>Z6 & JBD"&:,>4, PC Winchester F >"8@B4H,:,<

(HDD), F JFH">@&:,>>@6 @B,D"P4@>>@6 F4FH,<@6 WindowsXP. C,8@<,>*J,HFb
4FB@:\2@&"H\ H@:\8@ & @8DJ0,>44 F@ F:"$@6 &4$D"P4,6,

 – B:"H" FEW CF: 4>H,(D4D@&">>Z6 & JBD"&:,>4, B:"H" PC CF kártya F >"8@B4H,:,<,
F JFH">@&:,>>@6 @B,D"P4@>>@6 F4FH,<@6 WindowsXP Embedded. C,8@<,>*J,H-
Fb 4FB@:\2@&"H\ H@:\8@ & @8DJ0,>44 F 4>H,>F4&>@6 &4$D"P4,6.

% <@*J:, JBD"&:,>4b <@0>@ B@:\2@&"H\Fb H@:\8@ B@ @*>@6 B:"H@6 FEW.
A:"HZ FEW BD,*:"("`H >"< F:,*J`V4, &@2<@0>@FH4 8 B@*8:`R,>4`:
 – B@*8:`R,>4, 8 BD4FB@F@$:,>4b< USB,
 – B@*8:`R,>4, 8 F,H4 Ethernet,
E B@<@V\` BD@(D"<<Z Fnc, JFH">@&:,>>@6 >" B:"HZ FEW, *@FH4("`HFb F:,*J`V4,
JF:J(4:
 – D"$@H" DNC 42 >"8@B4H,:b (HDD, vagy CF) B:"HZ FEW,
 – A,D,>@F BD@(D"<< BD@42&@*FH&" *,H":,6 42 B"<bH4 JBD"&:,>4b & PC, 4:4 >"2"*,
 – C,*"8H4D@&">4, BD@(D"<< BD@42&@*FH&" *,H":,6 F (D"L4R,F8@6 B@**,D08@6.
A@<4<@ ^H@(@, >" B:"HJ PC <@0>@ JFH">@&4H\ BD@42&@:\>J` BD@(D"<<J >"BD4<,D:
CAD/CAM 4 H.*., " H"80, <@0>@ &ZN@*4H\ >" 4>H,D>,H.

2.6.1 A:"H" FEW HDD

L%>4<">4,! A@:\2@&"H\Fb B:"H@6 FEW HDD D,8@<,>*J,HFb H@:\8@ & @8DJ0,>44
F@ F:"$@6 &4$D"P4,6, 42-2" RJ&FH&4H,:\>@FH4 *&40JV4NFb *,H":,6
>"8@B4H,:b!

C"2X.<Z B:"HZ FEW HDD:
 – LAN: C"2X.< *:b B@*8:`R,>4b 8 F,H4 Ethernet,
 – RS-232 AUDIO: FH,D,@ (>,2*@ 0*,8. =" B:"H, *0"<B,D@< <@0>@ &Z$D"H\, RH@$Z

B@ >,6 &ZN@*4:4 F4(>":Z B@F:,*@&"H,:\>@(@ B@DH", 4:4 F4(>":Z "J*4@
&ZN@*",

 – PS/2: D"2X.< PS/2-F@&<,FH4<@6 8:"&4"HJDZ. +. <@0>@ 4FB@:\2@&"H\ H@:\8@ *:b J-
FH">@&84 BIOS F4FH,<>@6 B:"HZ, *":,, *:b JFH">@&84 BD@(D"<<>@(@
@$,FB,R,>4b. AD4 >@D<":\>@6 D"$@H, JBD"&:,>4b >, 4FB@:\2J,HFb,

 – USB: D"2X.< B@DH" USB portjának B:"HZ FEW,
 – MONITOR: &Z&@* *:b B@*8:`R,>4b <@>4H@D" BD4 4FB@:\2@&">44 B:"H@6 FEW.
 – VIDEO IN: %&@*>@6 D"2X.< &4*4@F4(>":". ?> F:J04H *:b B@*F@,*4>,>4b F &4*4@

C"2X.<Z B:"HZ FEW HDD
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&Z&@*@< (V1) B:"HZ CPU104.

?$@2>"R,>4b B:"HZ FEW HDD:
 – H1: D"2X.< @BP4@>":\>@(@ BD4>H,D" (Parallel port). AD4<,>b,HFb & F:JR", 4FB@:\2@-

&">44 BD@(D"<<>ZN @$,FB,R,>46, HD,$J`V4N 8:`R"  *:b 2"V4HZ,
 – P2: D"2X.< T4>Z IDE. G@:\8@ *:b P,:,6 F,D&4F", BD4<,>b,HFb *:b JFH">@&84 BD@-

(D"<<>@(@ @$,FB,R,>4b. %@ &D,<b JFH">@&84 E`*" B@*8:`R",HFb *D"6&,D CD
ROM.

 – P1: D"2X.< T4>Z IDE *:b HDD.
 – P4, P5: C"2X.< *:b B4H">4b &,>H4:"H@D@& <@*J:b ETX.
 – JP2, JP3: A@ ̂ H4< *0"<B,D"< <@0>@ &Z$D"H\, RH@$Z >" &Z&@* D"2X.<" RS-232 AU-

DIO B@FHJB4:4 F4(>":Z B@F:,*@&"H,:\>@(@ B@DH" (B@:@0,>4, Serial) 4:4 F4(>"-
:Z "J*4@ &Z&@*" (B@:@0,>4, Audio). ?$" *0"<B,D" *@:0>Z >"N@*4H\Fb & H@<
0, B@:@0,>44.

 – B1: 94H4,&"b $"H"D,b *:b R"F@& H,8JV,(@ &D,<,>4 (RTC, Real Time Clock).

HDD: =" 0.FH8@< *4F8, (Hard Disk Drive)ND">4HFb:
 – ?B,D"P4@>>"b F4FH,<Z Windows XP,
 – AD@(D"<<" Fnc, @$,FB,R4&"`V"b 8@<<J>48"P4` <,0*J PC 4 NC (B,D,>@F BD@-

(D"<< & @$, >"BD"&:,>4b, D,04< DNC), *":,,, $:"(@*"Db R,<J JBD@V",HFb F@-
FH"&:,>4, BD@(D"<<Z BD@42&@*FH&" *,H":,6,

 – AD@R4, BD@(D"<<>Z, @$,FB,R,>4b, JFH">@&:,>>Z, & <@*J:\ FEW.
ETX modul: A:"H" CPU <@*J:b FEW.

A:"H" FEW HDD
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2.6.2 A:"H" FEW CF

L %>4<">4,! A:"H@6 FEW CF <@0>@ B@:\2@&"H\Fb 4 & @8DJ0,>44 F 4>H,>F4&>@6
&4$D"P4,6, H"8 8"8 @>" >, F@*,D04H *&40JV4NFb *,H":,6!

C"2X.<Z B:"HZ FEW CF:
 – LAN: C"2X.< *:b B@*F@,*4>,>4b 8 F,H4 Ethernet,
 – RS-232 AUDIO: FH,D,@ *0,8 (>,2*@. %Z&,*,>Z H@:\8@ F4(>":Z B@F:,*@&"H,:\>@(@

B@DH".
 – PS/2: D"2X.< PS/2-F@&<,FH4<@6 8:"&4"HJDZ. ;@0>@ 4FB@:\2@&"H\ H@:\8@ *:b JFH"-

>@&84 BIOS F4FH,<>@6 B:"HZ, *":,, *:b JFH">@&84 BD@(D"<<>@(@ @$,FB,R,>4b.
AD4 >@D<":\>@6 D"$@H, JBD"&:,>4b >, 4FB@:\2J,HFb,

 – USB: D"2X.< B@DHa USB B:"HZ FEW,
 – MONITOR: &Z&@*, F:J0"V46 *:b B@*8:`R,>4b <@>4H@D" BD4 4FB@:\2@&">4b B:"-

HZ FEW.
 – VIDEO IN: C"2X.< &&@*" &4*4@F4(>":". ?> F:J04H *:b B@*F@,*4>,>4b F &4*4@&Z-

&@*" (V1) B:"HZ CPU104.

?$@2>"R,>4b B:"HZ FEW CF:
 – P1: C"2X.< T4>Z IDE. G@:\8@ *:b P,:,6 F,D&4F", BD4<,>b,HFb *:b JFH">@&84 BD@-

(D"<<>ZN @$,FB,R,>46. AD4 JFH">@&8, F`*" B@*8:`R",HFb *D"6&,D CD ROM.
 – B1: 94H4,&"b $"H"D,b *:b R"F@& H,8JV,(@ &D,<,>4 (RTC, Real Time Clock).
 – P4, P5: C"2X.< *:b B4H">4b &,>H4:bH@D@& <@*J:b ETX.
CF kártya: % B:"H, CF ND">4HFb:
 – ?B,D"P4@>>"b F4FH,<" Windows XP Embedded,

C"2X.<Z B:"HZ FEW CF

A:"H" FEW CF
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 – AD@(D"<<" Fnc, @$,FB,R4&"`V"b 8@<<J>48"P4` <,0*J PC 4 NC (B,D,>@F BD@-
(D"<< & @$" >"BD"&:,>4b, D,04< DNC), *":,,, $:"(@*"Db 8@H@D@6 JBD@V",HFb
F@FH"&:,>4, BD@(D"<< BD@42&@*FH&" *,H":,6,

 – AD@R4, BD@(D"<<>Z, @$,FB,R,>4b, JFH">@&:,>>Z, & <@*J:\ FEW.
ETX modul: A:"H" CPU <@*J:b.
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2.7 A4H">4, *:b NCT104

):b JBD"&:,>4b HD,$J,HFb B,D,<,>>@, >"BDb0,>4, 24 VAC. A4H">4, <@0>@
@FJV,FH&4H\ 4 F B@FH@b>>@(@ >"BDb0,>4b 24 VDC. A@HD,$>@FH\ H@8" JBD"&:,>4b:

4A (42<,Dbb >" 24 VAC).

2.7.1 #:@8 B4H">4b PS100

C"2X.<Z $:@8" B4H">4b PS100:
– S2: C"2X.< &&@*" $:@8" B4H">4b. GD,$J,H B,-

D,<,>>@, >"BDb0,>4, 24VAC. ;@0>@
B4H"H\ 4 F 24VDC. 

– S1: ?$,FB,R4&",H B@FH@b>>@, >"BDb0,>4,
24VDC *:b B4H">4b &ZFH"&:,>>@(@
BJ:\H" @B,D"H@D". )DJ(@(@ B@HD,$4H,:b
B@*8:`R4H\ >,:\2b!

– M2: 3FB@:\2J,HFb 4F8:`R4H,:\>@ BD4 JFH"-
>@&8, BD@(D"<<>@(@ @$,FB,R,>4b >"
B:"HZ FEW, @$,FB,R4&",H B4H">4, *:b
CD ROM.

 – M1: ?$,FB,R4&",H B4H">4, <@>@ND@<>@(@
<@>4H@D" CRT.

C"2X.<Z $:@8" B4H">4b PS100
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?$@2>"R,>4b B:"HZ PS100:
 – F1: A:"&8"b FH"&8" 6.3,
 – D1, ..., D6: LED-Z, B@8"2Z&"-

`V4, >":4R4, D"2:4R-
>ZN >"BDb0,>46.

A:"H" $:@8" B4H">4b PS100
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E$@D@R>Z6 R,DH.0 FH">@R>@6 B">,:4 @B,D"H@D"

3 ]:,<,>HZ FH">@R>@(@ BJ:\H" @B,D"H@D"

]:,<,>HZ FH">@R>@(@ BJ:\H" @B,D"H@D" H, 0, F"<Z, 8"8 J 8@<B"8H>@6 H"8 4 J &ZFH"&-
:,>>@6 &,DF44. 
% &,DN>,< :,&@< J(:J 8:"&4T F@FH@b>4, F&,R,>4b :"<BZ @2>"R",H, RH@ &Z*,:.>>"b
8:"&4T,6 LJ>8P4b b&:b,HFb "8H4&>@6.
EH">@R>Z6 BJ:\H @B,D"H@D", F@*,D0"V"b 8:"&4T4 &Z$@D" D,04<", B,D,<,V,>4b
@F,6, &D"V,>4b TB4>*,:b, FH"DH", FH@B", 4 H.*., FL@D<4D@&"> 4:4 F"<Z< FHD@4H,:,<
FH">8" & F:JR", &ZFH"&:,>>@(@ JBD"&:,>4b (NCT104), 4:4 BD4<,>b,HFb FH">@R>Z6
BJ:\H @B,D"H@D", B@FH"&:,>>"b @H NCT.
% B,D&@< F:JR", F4(>":4 @H 8:"&4T &&@*bHFb & NC R,D,2 &&@*@& 8"DHZ 4>H,DL,6F",
*":,, :"<B@R84 8>@B@8 2"("D"`HFb R,D,2 &Z&@*@& 8"DHZ 4>H,DL,6F".
% F:JR", 8@<B"8H>@6 &,DF44 :4P,&"b B">,:\ JBD"&:,>4b &F,(*" F@*,D04H 4 ̂ :,<,>HZ
FH">@R>@(@ BJ:\H" @B,D"H@D". 
% F:JR", BD4<,>,>4b FH">@R>@6 B">,:4 @B,D"H@D", 8@>H"8H"<4 4 :"<B@R8"<4 8:"&4T
^:,8HD4R,F84 @$D"V",HFb ^:,8HD@>48" 8:"&4"HJDZ *:b &&@*" *">>ZN, B@^H@<J ,.
BD4<,>,>4, F^8@>@<4H &Z&@*Z 4 &&@*Z 4>H,DL,6F" 4 BD@8:"*8J BD@&@:@8. 
=,8@H@DZ, ^:,<,>HZ FH">@R>@6 B">,:4 @B,D"H@D" D"$@H"`H 4 @H LJ>8P4@>":\>ZN
8:"&4T JBD"&:,>4b. 3N B@*D@$>@, @B4F">4, F@*,D0"HFb & 4>FHDJ8P44 B@ JN@*J 4 @-
B4F">44 D"$@HZ, *":,, @B4F">4, PLC.
EH">@R>J` B">,:\ @B,D"H@D" 2 @BP4@>>@ <@0>@ @$@DJ*@&"H\ <"N@&4R8@<, 8"8 ^H@
B@8"2">@ >" D4FJ>8,.
% FD,*>,< B@:, FH">@R>@6 B">,:4 @B,D"H@D" (B@ @H*,:\>@<J 2"8"2J) <@0>@ D"2<,F-
H4H\ 8:"&4T4, F>"$0.>>Z, B@:\2@&"H,:\F84<4 ̂ H48,H8"<4. 1*,F\ D"2<,V,>Z & B,D-
&J` @R,D,*\ 8:"&4T4 &Z$@D" @F,6 (,F:4 R4F:@ @F,6 $@:\T,, R,< 4), 8:"&4T4 JBD"&:,-
>4b @$D"V,>4,< @N:"0*"`V,6 &@*Z, 4:4 8:"&4T4 %-(@ 2>"R,>4b $ZFHD@(@ N@*".
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;@>H"0>Z, D"2<,DZ FH">@R>@6 B">,:4 @B,D"H@D"

 3.1 EH">*"DH>Z, ^:,<,>HZ FH">@R>@(@ BJ:\H" @B,D"H@D" 

!&"D4R>Z6 FH@B. ="0"& ,., NC BD4<,H "&"D46>@, F@FH@b>4,, @FH">@&4H
&F, *&40,>4b, 4 @H*,:4H F&@4 &ZN@*Z @H FH">8". ?H<,>" &ZB@:>b,HFb
B@&@D@H@< (@:@&84 8:"&4T4 B@ >"BD"&:,>4` FHD,:84.

7:"&4T" EH">@8 %8:.. A@* ,. *,6FH&4,< - ,F:4 F@ FH@D@>Z FH">8" >,H "&"D46-
>@(@ F@FH@b>4b (>"BD4<,D, 8>@B8" "&"D46>Z6 FH@B >, & >"0"H@< F@FH@b>44) -
JBD"&:,>4, 4 FH">@8 FP,B:b`HFb. AD@R4, R"FH4 FH">8", >"BD4<,D (4*D"&:48",

4 H.*.BD4&@*bHFb & *,6FH&4,.

7>@B84 F<,>Z D,04<":

 DJR>@6 D,04<

 *4F8D,H"

 <"N@&4R@8

 >"$,( & H@R8J @$>J:,>4b

 D,*"8H@D
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 "&H@<"H48"

 DJR>@6 &&@* *">>ZN

7>@B84 &Z$@D" T"(":

 &Z$@D T"(" B@ 4>8D,<,>H"< 1, 10, 100, 1000

AD@P,>H>Z, &8:`R"H,:4:

%8:`R"H,:\ BD@P,>H>@6 B@*"R4 <,0*J 0 - 120%. ?BP4@>":\-
>@ &:4b,H >" BD@P,>H $ZFHD@(@ N@*". %->@, *,:,>4, $ZFHD@(@
N@*" (&>JHD,>>46 8DJ( >" D4FJ>8,) F@@H&,HFH&J,H @$D"2P@&@6
BD@(D"<<, PLC B@ @B4F">4` DJ8@&@*FH&" PLC.

AD@P,>H>Z, &8:`R"H,:4 R4F,: @$@D@H@& TB4>*,:b. A@*

*,6FH&4,< – J<,>\T",HFb, " B@* *,6FH&4,< + J&,:4R4&",H-
Fb >" 10%-@& 2"BD@(D"<<4D@&">>@, R4F:@ @$@D@H@& & *4"-
B"2@>, 50-150%. A@* *,6FH&4,< 8>@B84 100% BD4<,H 2"-
BD@(D"<<4D@&">>@, R4F:@ @$@D@H@&.

%8:`R"H,:4, 42<,>b`V4, JF:@&4b &ZB@:>,>4b BD@(D"<<Z:

 &ZB@:>,>4, B@ 8"*D"< (@*4>@R>Z6 8"*D)

 JF:@&>Z6 8"*D

 JF:@&>Z6 FH@B

 H,FH BD@(D"<<Z

 FH">@8 2"8DZH

 JF8@D,>>Z6 BD@(@>

 JF:@&4, 8"*D F>@&"
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 JF:@&4, 8"*D >"2"*

 LJ>8P4b 2"8DZH@

7:"&4T4 BJF8" 4 @FH">@&84

 7:"&4T" AJF8.

 7:"&4T" EH@B.

7:"&4T4 DJR>@(@ D,04<". ?>4 b&:b`HFb @D(">"<4 JBD"&:,>4b B,D,<,V,>4b 4 F*&4-
(" &DJR>J`. ?>4 F:J0"H *:b &Z*,:,>4b @F,6 BD4 >"$,(" & D,L,D,>H>J` H@R8J, 4:4 &
F:JR", B@:\2@&">4b <"N@&4R8@<, @$@DJ*@&">>Z< >" B,D,*>46 V4H. C"FB@:@0,>4,
8:"&4T B@ >"BD"&:,>4b< <@0,H <,>bH\Fb B@ H4B"< FH">8@&.

="*B4F\ 4 D"2<,V,>4, 8:"&4T B,D,<,V,>4b <@0>@ 42<,>4H\ & F:JR", @H*,:\>@(@
2"8"2". E<. @BP44 FH">@R>@6 B">,:4 @B,D"H@D".

7:"&4T4 BJF8" 4 @FH">@&" TB4>*,:b. A@* 4N *,6FH&4,<

TB4>*,:\ @HBD"&:b,HFb & >"BD"&:,>4, M3, 4:4 M4, 4:4
0, @FH">@&4HFb >"0"& 8>@B8J M5.

3.2 ?BP4@>>Z, 8:"&4T4 FH">@R>@6 B">,:4 @B,D"H@D"

?BP44 8:"&4T8 *:b F&@$@*>@(@ 4FB@:\2@&">4b

EH">@R>"b B">,:\ @B,D"H@D" B@<4<@ &ZT, B,D,R4F:,>>ZN 8:"&4T F@*,D04H ,V. 8
8:"&4T8 *:b BD@42&@:\>@(@ 4FB@:\2@&">4b, F>"$0,>>ZN F :"<B@R8"<4, @ LJ>8P44
8@H@DZN BD4>4<",HFb D,T,>4, FHD@4H,:,< FH">8". =40, B,D,R4F:4<, 8"84<4 ^H4-
8,H8"<4 <@0>@ 2"8"2Z&"H\ ^H4 8:"&4T4:

C"2<,V,>4, 8:"&4T
DJR>@(@ D,04<"
&F:JR", JBD"&:,>4b
LD,2,D>Z< FH">8@<

C"2<,V,>4, 8:"&4T
DJR>@(@ D,04<"
&F:JR", JBD"&:,>4b
H@8"D>Z< FH">8@<
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7>@B84 &Z$@D" @F,6:

+F:4 >" FH">8, 4<,,HFb$@:,, 4-N @F,6, *:b B,D,<,V,>4b @F,6, *:b <"N@&4R8", *:b
BD4.<" D,L,D,>H>@6 H@R84 >,@$N@*4<@ &Z$D"H\ B,D,<,V",<Z, @F4. AD4 ̂ H@< 8>@B-
84 &Z$@D" @F,6 P,:,F@@$D"2>@ D"2<,FH4H\ >" @BP4@>>Z, 8:"&4T4 FH">@R>@6 B">,:4
@B,D"H@D". % D,04<, B,D,<,V,>4b >"BD4<,D & ̂ H@ &D,<b &Z$4D.< 0,:",<J` @F\ 8:"-
&4T,6 (>"BD4<,D: W) & B@:, 8:"&4T B,D,<,V,>4b F 8:"&4T"<4 +, 4:4 – ,. >"BD"&:,-
>4,.

AD@P,>H>Z, 2>"R,>4b $ZFHD@(@ N@*":

?BP4@>>@ <@0>@ &Z$4D"H\ B@ R,HZD.< 8:"&4T"<

2>"R,>4, BD@P,>H" $ZFHD@(@ N@*".

C,04< B,D,<,V,>4b TB4>*,:b:

]H@6 8:"&4T,6 &Z$4D",HFb D,04< B,D,<,V,>4b TB4>*,:b. % ̂ H@< D,-

04<, <@0>@ TB4>*,:\ <,*:,>>@ &D"V"H\ F 8:"&4T"<4 M3, M4. A@8"
8:"&4TJ M3, 4:4 M4 BD4*,D0"H\ >"0"H@, TB4>*,:\ B@:2.H, ,F:4 @HBJF-
H4H\ ,., TB4>*,: @FH">@&4HFb.

7:"&4T4 @$D"V,>4b F @N:"0*"`V,6 &@*@6:

1-b &@2<@0>@FH\:

M8: ,F:4 "&H@<"H4R,F846 D,04< M8 &Z8:`R.>, @B,D"H@D F ̂ H@6 8:"&4-

T,6 <@0,H &8:`R4H\ @N:"0*"`VJ` &@*J. %8:`R,>>@, F@FH@b>4, :"<-
B@R84 ̂ H@6 8:"&4T4 @2>"R",H &8:`R.>>@, F@FH@b>4, >"F@F" @N:"0*"`-
V,6 &@*Z.

M9: ,F:4 "&H@<"H4R,F846 D,04< M8 &Z8:`R.>, @B,D"H@D F ̂ H@6 8:"&4-

T,6 <@0,H &Z8:`R4H\ @N:"0*"`VJ` &@*J. %8:`R,>>@, F@FH@b>4,
:"<B@R84 ^H@6 8:"&4T4 @2>"R",H &Z8:`R.>>@, F@FH@b>4, >"F@F" @N-
:"0*"`V,6 &@*Z.

"&H@<"H4R,F846 D,04< M8: ,F:4 D,04< >"N@*4HFb &@ &8:`R,>>@< F@-

FH@b>44 ((@D4H :"<B@R8") >"F@F" @N:"0*"`V,6 &@*Z &8:`R",HFb 4:4
&Z8:`R",HFb 8@<">*"<4 M8, M9 42 BD@(D"<<Z *,H":4. +F:4 D,04< >"-
N@*4HFb &@ &Z8:`R,>>@< F@FH@b>44, @N:"0*"`V"b &@*" &8:`R",HFb 4-
:4 &Z8:`R",HFb @B,D"H@D@< F 8:"&4T"<4 M8, M9.
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2-b &@2<@0>@FH\:

M8_M9: ,F:4 "&H@<"H4R,F846 D,04< M8 &Z8:`R.>, @B,D"H@D F ^H@6

8:"&4T,6 <@0,H &8:`R4H\ 4:4 &Z8:`R4H\ @N:"0*"`VJ` &@*J. %8:`-
R,>>@, F@FH@b>4, :"<B@R84 ̂ H@6 8:"&4T4 @2>"R",H &8:`R.>>@, F@FH@b-
>4, >"F@F" @N:"0*"`V,6 &@*Z.

"&H@<"H4R,F846 D,04< M8: ,F:4 D,04< >"N@*4HFb &@ &8:`R,>>@< F@-

FH@b>44 ((@D4H :"<B@R8") >"F@F" @N:"0*"`V,6 &@*Z &8:`R",HFb 4:4
&Z8:`R",HFb 8@<">*"<4 M8, M9 42 BD@(D"<<Z *,H":4. +F:4 D,04< >"-
N@*4HFb &@ &Z8:`R,>>@< F@FH@b>44, @N:"0*"`V"b &@*" &8:`R",HFb 4-
:4 &Z8:`R",HFb @B,D"H@D@< F 8>@B8"<4 M8, M9.

?BP44 8:"&4T B,D,<,V,>4b:

7:"&4T4 B,D,<,V,>4b <@(JH $ZH\ F@$D">Z B@<4<@ B,D,R4F:,>>ZN & BD,*T,FH&J`-
V,6 (:"&, F F:,*J`V4<4 ^H48,H8"<4:

           

          

="BD4<,D, ,F:4 J >"F 4<,,HFb (@D42@>H":\>Z6 LD,2,D>Z6
FH">@8, >" 8@H@DZ6 @$@DJ*@&"> ,V. 4 8DJ(:Z6 FH@: B, " 8:"-
&4T4 B,D,<,V,>4b <@(JH $ZH\ 2"8"2">Z F:,*J`V4< @$D"-
2@<:



4 OBP44

47

4 OBP44

4.1 #:@8 B4H">4b iPS (oBP4b)

E B@<@V\` $:@8" B4H">4b iPS <@0>@
BD@42&@*4H\ B@FH@b>>@, >"BDb0,>4, 24 &,
F D"2>ZN &N@*>ZN >"BDb0,>46. ?>@ 4F-
B@:\2J,HFb & B,D&J` @R,D,*\ *:b B4H">4b
4>H,DL,6F@&, @*>"8@ & >,8@H@DZN F:JR"bN
<@0>@ @$,FB,R4H\ @ >.< 4 B4H">4,
JBD"&:,>4b.
+F:4 ,(@ 4FB@:\2J,< *:b B4H">4b JBD"&-
:,>4b, *DJ(4N B@HD,$4H,:,6 (>"BD4<,D,
4>H,DL,6F) B@*8:`R4H\ >" >,(@ FHD@(@ 2"-
BD,V,>@.
;,N">4R,F8@, 4FB@:>,>4,:
 132x132x132 <<, BD4V.:84&",HFb >"
D,:\FZ.
 X1: &&@* @H F,H4 L1, L2: 230VAC, 4:4 B,-

D,<,>>@, >"BDb0,>4, 400VAC 
 X2: &&@* B@FH@b>>@(@ H@8" 540VDC: A4-

H">4, <@0>@ @$,FB,R4H\ F BD@<,0JH@R>ZN >"BDb0,>46 BD4&@*@& NCT.
 X3: &Z&@* 24VDC.
%ZN@*>@6 H@8:
A4H"b F 230VAC: 0,1 ... 6A
A4H"b F 400VAC, 4:4 F  540VDC: 0,1 ... 10A.
#:@8 B4H">4, <@0>@ B4H"H\ 4 B"D"::,:\>@, F @$@4N &&@*@& (X1, X2). AD4 &8:`R,>44
>" BD@<,0JH@R>@< B4H">44 BD4&@*@& <,*:,>>,, B@FHD@4HFb >"BDb0,>4, 540& 4 *@
^H@(@ &D,<,>4 B4H">4, &>JHD,>>,(@ $JL,D" iPS @FJV,FH&:b,HFb &&@*@< F,H4. ?*>"8@,
BD4 @HFJHFH&44 >"BDb0,>44 F,H4 &&@* F,H4 $ZFHD@ &ZB"*",H, a BD@<,0JH@R>@,
>"BDb0,>4, @FH".HFb >"*@:(@, H"8 8"8 540& @$,FB,R4&",HFb ̂ >,D(4,6 ,V. 4 $:"(@*"Db
H@D<@0,>4b *&4("H,:,6. G"84< @$D"2@< >" &Z&@*, iPS B@HD,$4H,:Z <@0>@
B@**,D0"H\ 04&Z<4 FD"&>4H,:\>@ *@:(@, &D,<b.

94P,&"b B">,:\ $:@8" B4H">4b iPS
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;@>H"0>Z, D"2<,DZ <"N@&4R8", @$@DJ*@&",<@(@ >"
:4P,&@6 B">,:4

%ZFH"&:,>>Z6 <"N@&4R@8

4.2 ;"N@&4R@8, @$@DJ*@&",<Z6 >" :4P,&@6 B">,:4 (oBP4b)

;"N@&4R@8, @$@DJ*@&",-
<Z6 >" :4P,&@6 B">,:4,
<@0>@ JFH">@&4H\ >"
:4P,&@6 B">,:4 JBD"&-
:,>4b, *":,, <@0>@
@$@DJ*@&"H\ >" J*@$>@<
>"< <,FH, >" FH">8,.
;@*J:\ B@FH"&:b,HFb
8"$,:,< *:4>@6 400 <<,
F>"$0.>>Z<  D"2X.<@<
25p Dsub @H,P, 8@H@DZ6
<@0>@ >,B@FD,*FH&,>>@
B@*F@,*4>4H\ D"2X.<@<
H1 :4P,&@6 B">,:4 J-
BD"&:,>4b.

4.3 %ZFH"&:,>>Z6 <"N@&4R@8 (oBP4b)

%ZFH"&:,>>Z6 <"-
N@&4R@8 F>"$0.>
F@ F:,*J`V4<4 ^-
:,<,>H"<4 @B,D"-
H@D":
<"N@&4R8@<,
&8:`R"H,:,< &Z-

$@D" @F4,
&8:`R"H,:,< &Z-

$@D" 4>8D,-
<,>H",

8>@B8@6 "&"D46-
>@(@ FH@B".

%8:`R"H,:\ &Z$@-
D" @F4 4<,,H 6 B@-
:@0,>46, RH@ @2>"-
R",H, <@0>@ &Z-
$D"H\ >, $@:,, 6 @-
F,6. =" BDb&@6 FH@-
D@>, &8:`R"H,:b &
@8@T8@ 3 2" L@:\(@6 <@0>@ 2"B4F"H\ >"2&">4, @FH":\>ZN @F,6.
7@D@$8J <"N@&4R8" <@0>@ B@&,F4H\ >" $@:H, B@FH"&:,>>Z6 & 8"R,FH&, BD4>"*:,0-
>@FH4.
E4(>":Z &ZFH"&:,>>@(@ <"N@&4R8"B@*8:`R,>Z 8 P4:4>*D4R,F8@<J D"2X.<J F 12
B@:`F@<. 7@>HDD"2X.< (<"H\) JFH">@&:,> FHD@4H,:,< FH">8" >" J*@$>@, <,FH@. O4-
:4>*D4R,F846 12-H4 B@:`F>Z6 TH@BF,:\ F:,*J,H B@*F@,*4>4H\ 8"$,:,<:
& F:JR", JBD"&:,>4b NCT101: D"2X.<@< T4>Z N2 CAN 4 FHD@R>Z< 8:,<<@< X2,
& F:JR", JBD"&:,>4b NCT104: D"2X.<@< CON_CAN B:"HZ CTRL_KB, D"FB@:@0,>>@6



4 OBP44

49

C"2<,DZ P4:4>*D4R,F8@(@ D"2X.<" 17p, @$@DJ*@&"-
,<@(@ >" :4P,&@6 B">,:4 

7@D@$8" D"2X.<" B@F:,*@&"H,:\>@(@
B@DH" 

2" 8:"&4"HJD@6 &&@*" *">>ZN 4 FHD@R>Z< 8:,<<@< X2, D"FB@:@0,>>Z< >"
FH">@R>@< BJ:\H, @B,D"H@D".

;@>H"0>Z, @BP44 &ZFH"&:,>>@(@ <"N@&4R8"
EB4D":\>Z6 8"$,:\, F@,*4>b-
`T46 8@D@$8J <"N@&4R8" F
12 B@:`F>Z< P4:4>*D4R,F-
84< D"2X.<@<, D"FHb(4&",HFb
 BD4 $"2@&@< 4FB@:>,>44 *@

*:4>Z 3< 
 @BP4@>":\>@ *@ *:4>Z 6<.

4.4 7@D@$8" D"2X.<" B@F:,*@&"H,:\>@(@ B@DH" (oBP4b)

7@D@$8J <@0>@ @$@DJ*@&"H\ >" BD4(@*-
>@6 B@&,DN>@FH4. % 8@D@$8, 4<,,HFb
D"2X.< 25 p Dsub <"H\, 8 8@H@D@<J <@0-
>@ B@*8:`R4H\ F4(>":Z D"2X.<" B@F:,-
*@&"H,:\>@(@ 4>H,DL,6F" S1 <@*J:b J-
BD"&:,>4b.
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C"FB@:@0,>4, @BP4@>>ZN B:"H +M+, JFH">@&:,>>ZN >" B:"HZ XMU

;@*J:\ VJB"-BD4B"F@&84 NCT (oBP4b)

4.5 ;@*J:\ VJB"-BD4B"F@&84 NCT (oBP4b)

+F:4 8 JBD"&:,>4` LD,2,D>Z<
FH">8@< 0,:",< 4FB@:\2@&"H\
VJB, &FH"&:b,<Z6 & TB4>*,:\  *:b
42<,D,>4b 2"(@H@&84, 4:4 JFH">"&-
:4&",<Z6 >" FH@:\ *:b 42<,D,>4b
8@DD,8P44 4>FHDJ<,>H", *":,, *:b
JBD"&:,>4b H@8"D>Z< FH">8@< 0,-
:",< BD4B"F@&"H\ 42<,D4H,:\
4>FHDJ<,>H", ,(@ BD4B"F@&8"  D,-
T",HFb BD4<,>,>4,< <@*J:b
VJB"-BD4B"F@&84  NCT.
;@*J:\ BD4B"F@&84 JFH">"&:4&"H\
8"8 <@0>@ $:428@ 8 VJBJ 4:4 8 ^-
:,8HD@>48, *:b J<,>\T,>4b B@<,N
*@ <4>4<":\>@(@.

4.6 A:"H" EXEI, 4:4 EXEV *:b BD4.<" &Z&@*@& F4>JF@4*":\>@(@ *"HR48" (oBP4b)

A:"HJ 42<,D4H,:\>@6 F4FH,<Z XMU2000 4 XMU CAN, &FHD@,>>"b & JBD"&:,>4,
NCT104, <@0>@ B,D,*,:"H\ BD4(@*>@6 *:b BD4.<" &Z&@*@& F4>JF@4*":\>@(@ *"HR48",
B@ @Fb<, JFH">@&4& @BP4@>>J` B:"HJ. AD4<,>,>4, B:"HZ >, J&,:4R4&",H 2">bH@, B:"-
H@6 42<,D4H,:\>@6 F4FH,<@6 XMU <,FH@. A,D,* JFH">@&8@6 J*":4H\ 42 F@@H&,HFH&J`-
V,(@ B"HD@>" SO1, ..., SO4 B,D,<ZR84 4 2"FJ>JH\ B:"HJ EXE. 
%@2<@0>@ BD4.< F4>JF@4*,:\>ZN &Z&@*@& *&JN H4B@&: 
 E4(>": H@8" 11:App BD4>4<",HFb @BP4@>>@6 B:"H@6 EXEI. +(@ @$@2>"R,>4, >" B:"H,:

nnnn-40-mmm. 
 E4(>": >"BDb0,>4b 1Vpp BD4>4<",HFb @BP4@>>@6 B:"H@6 EXEV +(@ @$@2>"R,>4, >"

B:"H,: nnnn-41-mmmm.
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4.7 E@2*">4, H"N@ &Z&@*" B:"HZ TACHO (oBP4b)

=" F4FH,<>@6 B:"H, JBD"&:,>4b NCT101, *":,, >" B:"H, 42<,D4H,:\>@6 F4FH,<Z
XMU2000 JBD"&:,>4b NCT104 <@0>@ @BP4@>":\>@  JFH">@&4H\ B:aHJ TACHO,
F@2*"`VJ` ">":@(@&Z6 H"N@ &Z&@* +/– 10& 42 F4(>":@& *"HR48" BD,@$D"2@&">4,<
R"FH@HZ->"BDb0,>4b. AD4<,>,>4, B:"HZ TACHO >, J&,:4R4&",H 2">bH@, B:"H@6
XMU2000 <,FH@.
?BP4@>":\>@6 B:"H@6 TACHO <@0>@ B@:\2@&"H\Fb H@:\8@ & H@< F:JR",, ,F:4 &
8"R,FH&, 42<,D4H,:b N@*" BD4<,>b,HFb &D"V"`V46Fb *"HR48, 4 *"HR48 @$@DJ*@&">
>,B@FD,*FH&,>>@ >" @F4 *&4("H,:b.

%cHD@,>4, B:"HZ TACHO & B:"HJ XMU2000
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;@*J:\ IOMOD, BD4V.:84&",<Z6 >" 35 <<-Z6 D,:\F 

4.8 ;@*J:\ IOMOD, BD4V.:84&",<Z6 >" 35 <<-&Z6 D,:\F (oBP4b)

=" <@*J:, 4<,,HFb
D"2X.< 37p Dsub
<"H\, F4(>":Z 8@-
H@D@(@ &Z&,*,>Z 8
F@@H&,HFH&J`V4<
BD@>J<,D4D@&">-
>Z< H@R8"< FHD@R-
>@(@ 8:,<<".
C"2X.< Dsub <@0-
>@ F@,*4>4H\ :,>-
H@R>Z< 8"$,:,<
(<@0>@ @BP4@-
>":\>@ 2"8"2Z&"H\
& F$@D, B@ *:4>, 1-2<) F :`$Z< D"2X.<@< 4>H,DL,6F" <@*J:b JBD"&:,>4b.

%FHD@,>4, B:"HZ TACHO & F4FH,<>J` B:"HJ NCT101
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4.9 A:"H" BD,@$D"2@&"H,:b ADBRD  A-D, JFH">"&:4&",<"b >" B:"H, INT100 (oBP4b)

=" B:"HJ 4>H,DL,6F" INT100, 8@>L4(JD4D@&">>J` FB,D&"  (1-@, B@:@0,>4, *0"<B,D"
J1), <@0>@ JFH">@&4H\ @BP4@>":\>@ BD,@$D"2@&"H,:\ A-D (a>":@(@&Z6 P4LD@&@6) F
12 bit *:b 4 TH. a>":@(@&ZN, BD4(@*>ZN *:b BD4.<" >"BDb0,>4b +/–10& . ]H4 2>"R,>4b
<@0>@ FBD@F4H\ R,D,2 D,(4FHDZ RH035, ..., RH038. A@*D@$>@ F<@HD4 @B4F">4,
BD@(D"<<4D@&">4b PLC. ?BP4@>>"b B:"H" >, J&,:4R4&",H 2">bH@, B:"H@6 INT100
<,FH@.

%FHD@,>4, B:"HZ BD,@$D"2@&"H,:b ADBRD A-.D & B:"HJ INT100
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5 A@*8:`R,>4, JBD"&:,>46

5.1 A4H">4, JBD"&:,>46

E:,*J`V4, <@*J:Z JBD"&:,>4b NCT101 HD,$J`H >"BDb0,>4, B4H">4b:
<@*J:\ JBD"&:,>4b: 24VAC, 4:4 DC
4>H,DL,6F: 24VDC.

A@*8:`R,>4, >"BDb0,>4b B4H">4b  NCT101 42:@0,>@ &@ (:"&, 1.3 ?F>@&>"b B:"H"
NCT101 >" FHD">4P, 12.
E:,*J`V4, <@*J:Z JBD"&:,>4b NCT104 HD,$J`H >"BDb0,>4, B4H">4b:

<@>4H@D: 100 - 250 VAC
8:"&4"HJD" &&@*" *">>ZN: 24VDC, F $:@8" B4H">4b PS100 
<@*J:\ JBD"&:,>4b: 24VAC, 4:4 DC
4>H,DL,6F: 24VDC.

A@*8:`R,>4, >"BDb0,>4b B4H">4b   NCT104 42:@0,>@ &@ (:"&, 2.7.1 #:@8 B4H">4b
PS100 >" FHD">4P, 39.
% >@D<":\>@< F:JR", B4H">4, JBD"&:,>4b <@0>@ @$,FB,R4H\ F 24VAC.
=" H"84N FH">8"N, (*, &,DH48":\>"b @F\ >, 4<,,H BD@H4&@&,F", & F:JR", &ZB"*">4b >"-
BDb0,>4b F,H4 @F\ *@:0>" $ZH\ 2"H@D<@0,>" &@ &D,<b. ]H@ &@2<@0>@ H@:\8@ H@(*",
,F:4 <@0>@ B@**,D0"H\ 04&Z<4 JBD"&:,>4,, BD4&@*Z, 4 D,:,4 & H,R,>4, B"DJ
FH@<4::4F,8J>*@&, 4 BD4 D,(J:4D@&">>ZN JF:@&4bN H@D<@2bH *&4("H,:Z, *@ H,N B@D,
B@8" FD"$"HZ&"`H H@D<@2". %@ &D,<b H@D<@0,>4b *&4("H,:Z B4H"`H BD@<,0JH@R>@,
>"BDb0,>4, 540& BD4&@*@&. +F:4 @HF`*" @$,FB,R4H\ B4H">4, JBD"&:,>4b 4 D,:,4
$:@8@< B4H">4b iPS, F4FH,<J <@0>@ J*,D0"H\ 04&@6 2" &D,<b H@D<@0,>4b. % H"8@<
F:JR", &&@* B4H">4b JBD"&:,>4b B@:JR",H 24VDC. E<@HD4 ,V. (:"&J 4.1 #:@8 B4H">4b
iPS >" FHD">4P, 47.
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E@,*4>,>4, 4>H,DL,6F" JBD"&:,>4b F@ FH">8@<

5.2 ?$,FB,R,>4, B4H">4b 4>H,DL,6F" 4 N@* &8:`R,>4b FH">8"

AD4 B@*8:`R,>44 4>H,DL,6F" >,@$N@*4<@ F@$:`*"H\ F:,*J`V4, BD4>P4BZ.
(E<@HD4 D4FJ>@8 >40,). 7@>HJD BD,*FH"&:b,H F@$@6 JBD@V,>>J` FN,<J "&"D46>@(@
8@>HJD" 4 F:J04H H@:\8@ *:b 4::`FHD"P44 F@,*4>,>4b FH">8" F JBD"&:,>4,<.

A@F:, B@*8:`R,>4b FH">8" 4 JBD"&:,>4b B@* >"BDb0,>4,>" &&@* Machine ON 24VDC
(D"2X.< I1 H@R8" 19) >"*@ FD"2J B@*8:`R4H\ 24&. =" &&@* +24VDC (D"2X.< O1 H@R84
19, 37) B@*8:`R4H\ >"BDb0,>4, B4H">4b R,D,2 8@>H"8HZ 3,4 D,:,4 K1 4 K2 H@:\8@
B@F:, H@(@ , RH@ FH">@8 J*"R>@ &8:`R4:Fb.

C,8@<,>*@&">>Z6 N@* &8:`R,>4b FH">8" F:,*J`V46:
 – >"0"H\ 8>@B8J FH">@8 &8:., @$@DJ*@&">>J` >" FH">@R>Z6 BJ:\H @B,D"@D", 4:4 >"

*DJ(@, <,FH@ >" FH">8,,
 – ,F:4 >4 @*4> 42 FJBB@DH@& >, >"N@*4HFb & 8@>,R>@< B@:@0,>44 "&"D46>@(@ FH@B",

4 &F, 8>@B84 "&"D46>@(@ FH@B" 2"8DZHZ, 24& B@*8:`R",HFb 8 &&@*J (I002)
>"0"H" 8>@B8" FH">@8 &8:., (,FH,FH&,>>@, &<,FH@ &&@*"  I002 <@0>@
B@:\2@&"H\Fb 4 *DJ(4<).

 – 2"H,< BD@(D"<<" PLC JBD"&:,>4b &8:`R",H &Z&@* Machine On (D"2X.< O1 H@R8"
18), 8@H@DZ6 B@*>4<",H D,:, K3 4 R,D,2 8@>H"8HZ 1,2 D,:, K3 @$,FB,R4&",H
B4H">4, *:b D,:, K1, 

 – R,D,2 8@>H"8HZ 1, 2 D,:, K1 &8:`R",HFb D,:, K2, 4 R,D,2 8@>H"8HZ 1,2 D,:, K2 D,:,
K1 4 K2 &FHJB"`H & F"<@J*,D0">4,, 8@>HJD $J*,H 2"<8>JHZ< 4 B@F:, @HBJF8"-
>4b 8>@B84 FH">@& &8:.,

 – R,D,2 8@>H"8HZ 3,4 D,:, K1 4 K2 B:"H" INT B@:JR4H >"BDb0,>4, B4H">4b.
E@(:"F>@ D4FJ>8J >40,, &8:`R"H,:Z "&"D46>@(@ 8@>,R>,(@ B@:@0,>4b, 8>@B84 "&"-
D46>@(@ FH@B" &Z2Z&"`H "&"D46>@(@ @FH">@&".
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G"80, <@0,H &Z2Z&"H\ "&"D46>@(@ F@FH@b>4b 4 NC, ,F:4 &Z8:`R4H\ &Z&@* Machine
On. ]H@ <@0,H BD@42@6H4 H@(*", 

– ,F:4 PLC &Z8:`R",H 4>*48"H@D Y540,
– ,F:4 NC @$>"DJ04&",H (DJ$J` @T4$8J (F,D&@, @$D"H>"b F&b2\, @T4$8" *"HR4-

8", 8@D@H8@, 2"<Z8">4, & 4>H,DL,6F,)
– ,F:4 watchdog timer NC &ZB"*",H (BD,8D"V",HFb F4(>": NC Ready).
AD4 "&"D46>@< @FH">@&,, ,F:4 FJBB@DHZ >"$,(":4 & "&"D46>@, 8@>,R>@, B@:@-
0,>4,, 4:4 >"0":4 8@B8J "&"D46>@(@ FH@B", N@* @FH">@&" $J*,H F:,*J`V4<:

 – NC B@:JR4H F@@$V,>4, R,D,2 &&@* @ F@$ZH44 (I000) >"0"H" 8>@B8" "&"D46>@(@
FH@B" 4 &Z8:`R",H &Z&@*  Machine On,

 – D,:, K1, K2 &ZB"*"`H, BD,8D"V",HFb 4N F"<@J*,D0">4, 4 R,D,2 8@>H"8HZ 3,4 D,:,
K1, K2 BD,8D"V",HFb B4H">4, B:"HZ INT.  

+F:4 "&"D46>Z6 FH@B BD4N@*4H F@ FH@D@>Z NC, >"BD4<,D, BD,8D"V",HFb
F4(>": NC Ready:

 – &Z8:`R",HFb F4(>": Machine On 4 &ZB"*",H D,:, K3,
 – R,D,2 8@>H"8HZ 1,2 D,:, K3 BD,8D"V",HFb F"<@J*,D0">4, D,:, K1 4 K2,
 – R,D,2 8@>H"8HZ  3,4 D,:, K1 4 K2 BD,8D"V",HFb B4H">4, B:"HZ INT.

I*,D0">4, &Z&@*@& 3>H,DL,6F" & D"$@H, BD4 "&"D46>@< F@FH@b>44.
IBD"&:,>4,< NCT104 BD4 4FB@:\2@&">44 B:"HZ INT100 <@0>@ J*,D0"H\ &Z$D">>Z,
&Z&@*Z & D"$@H@FB@F@$>@< F@FH@b>44 4 BD4 "&"D46>@< F@FH@b>44. E<@HD4 (:"&J 2.5.2
A:"H" 4>H,DL,6F" INT100 >" FHD">4P, 33.
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A@*8:`R,>4, D"2X.<@& V1, V2, Video In, Monitor

5.3 A@*8:`R,>4, D"2X.<@& &4*,@&Z&@*@&, &4*,@&&@*@& V1, V2, Video In, Monitor

%4*,@&Z&@*Z 4FB@:\-
2J`HFb *:b BD4&@*"
<@>4H@D@& F@ FH">-
*"DH>Z< &&@*@< VGA.
C"2X.< 15p DHsub
<"H\.

+F:4 & JBD&"&:,>4, &FHD@,>" 4 @BP4b FEW:
% F:JR", NCT101 F4(>":Z &4*,@&Z&@*" V1 >" F4FH,<>@6 B:"H, >"*@ F@,*4>4H\ F F4(-

>":@< D"2X.<" NCT101 FEW V1. ;@>4H@D B@*8:`R",HFb 8 D"2X.<J F >"*B4F\`
NCT101 FEW V2.

% F:JR", NCT104 F4(>":Z &4*,@&Z&@*" V1 >" B:"H, CPU104 >"*@ F@,*4>4H\ F F4(>"-
:@< D"2X.<" NCT104 FEW Video In. ;@>4H@D B@*8:`R",HFb 8 D"2X.<J F >"*-
B4F\` NCT104 FEW Monitor.

;@>4H@D <@0>@ B@*8:`R4H\ FH">*"DH>Z< 8"$,:,< VGA *:4>@6 >, $@:,, 10 <. +F:4
BD4N@*4HFb F4(>":Z B,D,*"&"H\ >" D"FFH@b>4, $@:\T, ̂ H@(@, F:,*J,H BD4<,>4H\ 8@"8-
F4":\>Z6 8"$,:\.
L %>4<">4,! % 4>H,D,F"N :JRT,(@ 8"R,FH&" 42@$D"0,>4b 8"$,:4, B,D,*"`V4, F4(-

>":Z &4*,@, F:,*J,H BD@&@*4H\ 8"8 <@0>@ B@ *":\T, @H HD">FL@D<"H@D@& 4
BD@&@*@& F4:\>ZN H@8@& (>"BD4<,D, *&4("H,:b).
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A@*8:`R,>4, D"2X.<" S1

5.4 A@*8:`R,>4, D"2X.<" S1 B@F:,*@&"H,:\>@(@ 8">":" RS-232C

C"2X.< 9p Dsub @H,P.

ID@&>4 F4(>":"
ID@&,>\ F4(>":@& &&@*@& 4 &Z&@*@& FH">*"DH>Z6 RS-232C, H@ ,FH\ +/–12&->Z6.
A@F:,*@&"H,:\>Z6 B@DH (D"2X.< S1) F:J04H *:b B@FHD@,>4b B@:\2@&"H,:\F8@6  F&b24.
Q,D,2 >,. <@0>@ @H(DJ24H\ 4 2"(DJ24H\ BD@(D"<<Z BD@42&@*FH&" *,H":,6 B"D"<,HDZ,
BD@(D"<<Z PLC 4 F4FH,<>Z, BD@(D"<<>Z, @$,FB,R,>4b.

A"D"<,HDZ *:b JFH">@&84 8">":" m2 >" D"2X.<, S1 F:,*J`V4,:
2002 BAUD RATE2
2022 WORD LENGTH2
2042 STOP BIT2
2062 PRTY CHECK2
2082 EVEN PRTY2

A@F:,*@&"H,:\>Z6 B@DH S1 JBD"&:,>4b <@0>@ F@,*4>4H\ F @BP4@>":\>@6 8@D@$8@6
B@*8:`R,>4b B@F:,*@&"H,:\>@(@ B@DH" , @$@DJ*@&",<@6 >" :4P,&@6 B">,:4  (F<@HD4
(:"&J 4.4 7@D@$8" D"2X.<" B@F:,*@&"H,:\>@(@ B@DH" >" FHD">4P, 49.).
32 F4(>":@& B@F:,*@&"H,:\>@(@ B@DH" *@FH"H@R>@ B@*8:`R4H\ J8"2">>ZN >" D4FJ>8,.

 

E@,*4>,>4, D"2X.<" S1 JBD"&:,>4b F B@F:,*@&"H,:\>@6 8@D@$8@6 4 4*>4< 42
PC



5 A@*8:`R,>4, JBD"&:,>46

59

A@*8:`R,>4, D"2X.<" P1

5.5 A@*8:`R,>4, D"2X.<" P1 &&@*@& VJB"

E4FH,<>"b B:"H" NCT101, " H"80, B:"-
H"  CPU104 BD4(@*>" *:b BD4.<" F4(-
>":" 4 TH. VJB@&. C"2X.< P1 15p Dsub
<"H\.

ID@&>4 F4(>":"
):b BD4.<" F4(>":@& VJB" P,:,F@@$-
D"2>@ 4FB@:\2@&"H\ B:"HJ BD4B"F@&84,
H"8 8"8 B:"H" CPU F4(>":Z JD@&>b
TTL (5&->Z,) BD4>4<",H :4>,6>Z<
BD4.<>48@<, B@^H@<J *:b :JRT,6 2"-
V4HZ @H B@<,N >,@$N@*4<@ &8:`R4H\
4B@:@04H,:\>Z6 (+PROBE) 4 @HD4P"-
H,:\>Z6 (–PROBE) &Z&@*>@6 F4(>":
B:"HZ VJB"-BD4B"F@&84.
A@:bD>@FH\ 4 &@2<@0>Z6 &4* F4(>":@&  +PROBE 4 –PROBE &4*>Z >40, >" D4FJ>8,.
):b >"0"H4b 4 @HBJF8">4b VJB" <@0>@ &BJFH4H\ @HD4P"H,:\>Z6 4<BJ:\F T4D4>@6
40-50 <F,8, 4:4 @HD4P"H,:\>Z6 JD@&,>\. A8H4&>@, F@FH@b>4, >" &&@*, +PROBE
@2>"R",H &F,(*" @HD4P"H,:\>Z6 JD@&,>\, 4:4 4<BJ:\F.

 
5.5.1 7@>L4(JD"P4b &&@*@& VJB"

%&@*Z VJB" HD,$J`HFb BD4 &ZB@:>,>44 F:,*J`V4N @B,D"P46:
 G31: 42<,D,>4, F J*":,>4,< @FH"H@R>@(@ N@*",
 G36, G37: a&H@<"H4R,F8@, 42<,D,>4, *:4>Z 4>FHDJ<,>H" (G36 H@:\8@ & JBD"&:,>44

H@8"D>Z< FH">8@<),
 8@DD,8P4b *:4>Z 8 "&H@<"H4R,F8@<J 2"<,DJ H@:\8@ & JBD"&:,>4bN H@8"D>Z<

FH">8@<.
A"D"<,HD"<4 8041 G31BIT, *":,, 8042 G37BIT @BD,*,:b,HFb, RH@ 8"8@6 &&@* 8 8"8@6
LJ>8P44 @H>@F4HFb.

ID@&,>\ F4(>":" &&@*@& PROBE
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%Z$@D &&@*" F4(>":" 42 B"D"<,HD" & F:JR", LJ>8P44 G31:

8041 G31BIT >"2&">4, F4(>":" H@R8" D"2X.<" P1

0 PROBE1, –PROBE1 1, 9

1 PROBE2, –PROBE2 2, 10

2 PROBE3, –PROBE3 3, 11

3 PROBE4, –PROBE4 4, 12
1>"R4H, ,F:4 F4(>": VJB" *:b BD4&,*,>4b & *,6FH&4b LJ>8P44 G31 B@*8:`R4H\ 8
&&@*J 1,9 D"2X.<" P1, & B"D"<,HD 8041 G31BIT F:,*J,H 2"B4F"H\ 0.

%Z$@D &&@*" F4(>":"  42 BD@(D"<<Z 8@<">*@6 G31... P
+F:4 8@<">*J G31 F@R,H"H\ 2"B@:>,>4,< "*D,F" P, 2>"R,>4,< P @BD,*,:b,HFb, RH@
8"84< &&@*@< $J*,< B@:\2@&"H\Fb:

G31... P >"2&">4, F4(>":" H@R8" D"2X.<" P1

P1 PROBE1, –PROBE1 1, 9

P2 PROBE2, –PROBE2 2, 10

P3 PROBE3, –PROBE3 3, 11

P4 PROBE4, –PROBE4 4, 12
1>"R4H, ,F:4 4FB@:\2@&"H\ 8@<">*J G31... P2, $J*,H 4<,H\ *,6FH&4, F4(>":,
B@*8:`R.>>Z6 8 &&@*J 2,10 D"2X.<" P1.

%Z$@D &&@*" F4(>":" 42 B"D"<,HD" & F:JR", LJ>8P44 G37:

8042 G37BIT >"2&">4, F4(>":" H@R8" D"2X.<" P1

0 PROBE1, –PROBE1 1, 9

1 PROBE2, –PROBE2 2, 10

2 PROBE3, –PROBE3 3, 11

3 PROBE4, –PROBE4 4, 12
1>"R4H, ,F:4 F4(>": VJB" *:b BD4&,*,>4b & *,6FH&4b LJ>8P44 G37 B@*8:`R4H\ 8
&&@*J  2,10 D"2X.<" P1, & B"D"<,HD 8042 G37BIT F:,*J,H 2"B4F"H\ 1.

):b 2"<,D" "&H@<"H4R,F8@6 8@DD,8P44 *:4>Z & JBD"&:,>44 H@8"D>Z< FH">8@<: 
):b 2"<,D" "&H@<"H4R,F8@6 8@DD,8P44 *:4>Z & JBD"&:,>44 H@8"D>Z< FH">8@< H"80,
4FB@:\2J,HFb B"D"<,HD 8042 G37BIT, H"8 8"8 FD,*FH&@, 4FB@:\2@&">>@, *:b ^H@6
LJ>8P44, F@&B"*",H FD,*FH&@<, 4FB@:\2@&">>Z< *:b LJ>8P44 G36, G37. +(@
2"B@:>,>4, BD@42&@*4HFb F@(:"F>@ &ZT,@B4F">>Z<.
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5.5.2 A@*8:`R,>4, B:"HZ VJB"-BD4B"F@&84 NCT

O,:,F@@$@"2>@ <@*J:\ VJB"-BD4B"F@&84 NCT D"2<,FH4H\ 8"8 <@0>@ $:40, 8 VJBJ,
4:4 8 ,(@ ^:,8HD@>48,.

E4(>":Z D"2X.<" &&@*" P1
C"2X.< P1 15p DSub <aH\.
E4(>":Z D"2X.<" P1 B@FHJB"`H >,B@FD,*FH&,>>@ 8 VJBJ, 4:4 8 ^:,8HD@>48,
BD4B"F@&84, B@FH"&:,>>@6 8 VJBJ BD@42&@*4H,:,<.
 – +5V: &&@*, &Z&@* >"BDb0,>4b B4H">4b. A4H">4, B:"HZ 4 VJB" @$,FB,R4&",HFb

@$ZR>@ @H &&@*" 5& D"2X.<" P2, B@ 2"8"2J @>@ $,D.HFb @H &Z&@*" 5& D"2X.<" P1.
 – +24V: &&@*, &Z&@* >"BDb0,>4b B4H">4b. A4H">4, B:"HZ @$,FB,R4&",HFb @$ZR>@ @H

&&@*" 24& FHD@R>@(@ 8:,<<" P3. A4H">4, VJB" - ,F:4 ̂ H@ >"BDb0,>4, HD,$J,HFb
*:b >,(@ - $,D.HFb @H &Z&@*" 24& D"2X.<" P1.

 – GND: F4(>": 2,<:4.
 – IN1(5V), IN2(5V), IN3(5V): %&@*Z, BD4(@*>Z, *:b BD4.<" FH"HJF>ZN F4(>":@&

JD@&>b TTL (5&), B@FHJB"`V4N @H VJB", 4:4 @H ,(@ <@*J:b BD4B"F@&84. G"84<4
<@(JH $ZH\ (@H@&>@FH\ 8 ̂ 8FB:J"H"P44 >42>@, >"BDb0,>4, $"H"D,4 4 H.*.. ]H4
F4(>":Z B@b&:b`HFb >" JD@&>, 24& >a &ZN@*"N OUT1, OUT2, OUT3 FHD@R>@(@
8:,<<" C3, @H8J*" <@0>@ 4N B@*8:`R4H\ 8 &&@*"< 4>H,DL,6F" JBD"&:,>4b 4
<@(JH $ZH\ @$D"$@H">Z F PLC.

 – IN1(24V), IN2(24V), IN3(24V): EH"HJF>Z, F4(>":Z, B@FHJB"`V4, @H VJB", 4:4 @H ,(@
<@*J:b BD4B"F@&84 >" JD@&>, 24&. ?>4 4FB@:\2J`HFb H"8 0,, 8"8 F4(>":Z
INn(5&), 4N &Z&@*"<4 b&:b`HFb &Z&@*Z OUT1, OUT2, OUT3 FHD@R>@(@ 8:,<<"
C3.

A@*8:`R,>4, B:"HZ VJB"-BD4B"F@&84 NCT



5 A@*8:`R,>4, JBD"&:,>46

62

L %>4<">4,! 32 F4(>":@& F H"84< 0, 4>*,8F@< <@0>@ 4FB@:\2@&"H\ H@:\8@ 5&-o&Z6
4:4 H@:\8@ 24&-o&Z6. +F:4 >"BD4<,D, B@*8:`R,>4, F*,:">@ >" IN2(5)&, >,
B@*8:`R4H\ *DJ(@(@ >" IN2(24&)! 7 &&@*"< F D"2>Z<4 4>*,8F"<4 <@0>@
B@*8:`R4H\ F4(>": F D"2>Z<4 >"BDb0,>4b<4.

 – X1(24V), X2(24V): AD@N@*bV4, BD@&@*", F@,*4>.>>Z, F F@@H&,HFH&J`V4<4
H@R8"<4 FHD@R>@(@ 8:,<<" P3. O,:,F@@$D"2>@ 4N <@0>@ 4FB@:\2@&"H\ *:b
B,D,*"RJ F4(>":@& JD@&>b 24&.

 – SIG(5V): %&@* F4(>":" VJB" JD@&>b
TTL, F  750S-@< >"Hb>JH >" 5&. 3F-
B@:\2J,HFb & B@:@0,>44 5& *0"<-
B,D" JP2.

 – SIG(5-12V): &&@*, 4FB@:\2J,<Z6 *:b
BD4.<" F4(>":@& VJB" >, JD@&>b
TTL. +F:4 >"BD4<,D, 0-6 JD@&,>\
&Z&@*"  1,8&, 1-6 JD@&,>\ 5-12&, H@
^H4< &&@*@< >"*@ B@:\2@&"H\Fb.
3FB@:\2J,HFb & B@:@0,>44 5&
*0"<B,D" JP2.

 – SIG(24V): %&@* F4(>":" VJB" JD@&>b
24&. 3FB@:\2J,HFb & B@:@0,>44
24& *0"<B,D" JP2 .

L %>4<">4,! 32 &&@*@& SIG <@0,H $ZH\
B@*8:`R.> &F,(*" H@:\8@ @*4>. +F:4 >, B@:\2J,<Fb &&@*@< SIG(5-12&), F:,*J,H
B@*8:`R4H\ 8 GND.

E4(>":Z D"2X.<" &Z&@*" P2
C"2X.< P2 9p DSub @H,P.
E4(>":Z D"2X.<" P2 & F:JR", JBD"&:,>4b NCT101 B@FHJB"`H 8 D"2X.<J F4FH,<>@6
B:"HZ, " & F:JR", JBD"&:,>4b NCT104 8 D"2X.<J C1 B:"HZ CPU104.
 – +5V: &&@*, &Z&@* >"BDb0,>4b B4H">4b. A4H">4, B:"HZ 4 VJB" @$,FB,R4&",HFb @-

$ZR>@ @H ^H@(@ &&@*", B@ 2"8"2J @>@ $,D.HFb @H &Z&@*" 5& D"2X.<" P1.
 – GND: F4(>": 2,<:4.
 – +PROBE, –PROBE: F4(>":Z, BD4&@*4<Z, :4>,6>Z< B,D,*"HR48@< JD@&>b TTL.

)&" @HD4P"H,:\>ZN 4<BJ:\F", @$D"2J`V4,Fb >" >"$,("`V,6 4 F$,("`V,6
8D@<8, F4(>":" SIG D"2X.<" C1 >" F4(>":,+PROBE.

E4(>":Z FHD@R>@(@ 8:,<<" &Z&@*" P3
C"2X.<>Z6 FHD@R>Z6 8:,<< P3 8p.
E4(>":Z FHD@R>@(@ 8:,<<" P3 <@0>@ B@*8:`R4H\ & 4>H,DL,6F. 1"*"R,6 BD@(D"<<Z
PLC b&:b,HFb  &ZB@:>4H\ >,8@H@DZ, >"$:`*,>4b & "8H4&>@< F@FH@b>44 VJB", "
H"80, BD4>4<"H\ <,DZ BD,*@FH@D@0>@FH4. ="D4<,D, ,F:4 VJB D"FB@:@0,> &
TB4>*,:,, 2"BD,H4H\ BJF8 TB4>*,:b, &@2<@0>@ J<,>\T4H\ $ZFHDZ, N@*Z, B@*"R4,
F:,*4H\ 2" H,<,RH@$Z >"BDb0,>4, B4H">4b & VJB, >, $Z:@ >4284<, 4 H.*.
 – +24V: &&@*, &Z&@* >"BDb0,>4b B4H">4b. A4H">4, B:"HZ @$,FB,R4&",HFb @$ZR>@ @H

&&@*" 24& FHD@R>@(@ 8:,<<" P3. +F:4 HD,$J,HFb H"8@, >"BDb0,>4,, B4H">4,
VJB" $,D.HFb @H &Z&@*" 24& D"2X.<" P1.

 – GND: F4(>": 2,<:4.
 – OUT1, OUT2, OUT3: %Z&@*Z >" 5 4:4 24& F4(>":@& IN1, IN2, IN3 D"2X.<" C1. E<@H-
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D4 @B4F">4, F4(>":@& D"2X.<" P1.
 – X1(24V), X2(24V): AD@N@*bV4, BD@&@*", F@,*4>.>>Z, F F@@H&,HFH&J`V4<4 H@R8"-

<4 D"2X.<" P1. O,:,F@@$D"2>@ 4N <@0>@ 4FB@:\2@&"H\ *:b B,D,*"RJ F4(>":@&
JD@&>b 24&.

 – STS: E4(>": 24&, B@8"2Z&"`V46 F@FH@b>4, VJB" BD40"H/@HBJV,>, 4:4 F@FH@b>4,
FH4:b F(4$">4,/B@8@,. +F:4 B@:bD>@FH\ "8H4&>@(@ F@FH@b>4b F4(>":" >, B@*N@-
*4H, B,D,<,FH4& *0"<B,D JP1, B@:bD>@FH\ F4(>":" <@0>@ B,D,&,D>JH\.

)0"<B,DZ B:"HZ
 – JP1: +F:4 B@:bD>@FH\ "8H4&>@(@ F@FH@b>4b F4(>":" STS D"2X.<" C3 >, B@*N@*4H,

B,D,<,FH4& *0"<B,D JP1, B@:bD>@FH\ F4(>":" <@0>@ B,D,&,D>JH\.
 – JP2: % B@:@0,>44 5& *0"<B,D"4FB@:\2J,HFb F4(>":  SIG(5&), 4:4 SIG(5-12&) D"2X.-

<" C1, a & B@:@0,>44 24& - F4(>": SIG(24&).
M"D"8H,D4FH484 F4(>":", @$D"2@&">>Z, B:"H@6:

E4(>":Z VJB", 4:4 F4(>":Z ̂ :,8HD@>484 BD4B"F@&84, B@FH"&:,>>@6 BD@42&@*4H,:,<
8 VJBJ F:,*J,H B@*8:`R4H\ 8 &&@*J C1 B:"HZ NCT ^8D">4D@&">>Z< 8"$,:,<. G"80,
F:,*J,H BD@&@*4H\ F4(>":Z B:"HZ BD4B"F@&84 NCT ^8D">4D@&">>Z< 8"$,:,<.
=" D4FJ>8, B@8"2">@ &@2<@0>@, B@*8:`R,>4, VJB", BD4 8@H@D@< >" LD,2,D>@< FH">-
8, VJB DJ8"<4 2"8:"*Z&",HFb & TB4>*,:\ *:b 42<,D,>4b 2"(@H@&84, 4 DJ8"<4 B@*-
8:`R",HFb. E4(>": B4H">4b +5& &@2&D"V",HFb VJB@< 4 B@*8:`R4< ,(@ 8 &&@*J
IN1(5&) D"2X.<". A@*8:`R4& F4(>": OUT1 FHD@R>@(@ 8:,<<" C3 & 4>H,DL,6F,  PLC
RJ&FH&J,H F@FH@b>4b B@*8:`R.>>@(@ VJB".

M"D"8H,D4FH484 F4(>":" B:"HZ VJB"-BD4B"F@&84 NCT
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E@,*4>,>4, B:"HZ BD4B"F@&84 NCT 4 B:"HZ CPU

A@*8:`R,>4, D"2X.<" P1 >" H@8"D>@< FH">8,  & F:JR", 2"<,D"
4>FHDJ<,>H"

A@*8:`R,>4, D"2X.<" P1 & F:JR", D"2<,V,>4b
VJB" & T>4>*,:,

%@2<@0>@, B@*8:`R,>4, D"2X.<" P1 & F:JR", JBD"&:,>4b H@8"D>Z< FH">8@<, ,F:4
4FB@:\2@&"H\ "8H4&>Z6 2"<,D 4>FHDJ<,>H":

E@,*4>,>4, D"2X.<" C2 B:"HZ VJB"-BD4B"F@&84 NCT 4 D"2X.<" C1 F4FH,<>@6 B:"HZ
NCT101 4:4 B:"HZ CPU104:

A@*8:`R,>4, F4(>":@& FHD@R>@(@ 8:,<<" P3 & JBD"&:,>44 LD,2,D>Z< FH">@8@<, ,F:4
4FB@:\2@&"H\ <"8D@8@<">*Z  42<,D,>4b NCT: 
E4(>":Z OUT1 (Ready) 4 STS (VJB BD40"H) P,:,F@@$D"2>@ B@*8:`R4H\ F:,*J`V4<
@$D"2@< *:b H@(@, RH@$Z  >, BD4N@*4:@F\ B,D,B4F"H\ B@*BD@(D"<<J O9984:
 STS: Ipq0, H@ ,FH\ B@*8:`R4H\ 8 0-<J &&@*J q-(@ byt-" >a p-6 B:"H, INT. (="BD4<,D:
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I040, B:"H" 1. byte 4.). E4(>": STS 4<,,H @HD4P"H,:\>J` B@:bD>@FH\, 2>"R4H, 0V,
,F:4 VJB BD40"H.

 OUT1: Ipq1, H@ ,FH\ B@*8:`R4H\ 8 1-<J &&@*J q-(@ byt-" >a p-6 B:"H, INT. (="BD4<,D:
I041, B:"H" 1. byte 4.) 

+24V 4 0V b&:b,HFb B4H">4,< 4>H,DL,6F", 4FB@:\2J,<Z< 4 B:"H@6 INT.

A@*8:`R,>4, F4(>":@& FHD@R>@(@ 8:,<<" P3 & JBD"&:,>44 H@8"D>Z< FH">8@<,
&F:JR", "&H@<"H4R,F8@(@ 2"<,D" 8@DD,8P44: 
% F:JR", "&H@<"H4R,F8@< 2"<,D, 8@D,D8P44 *:4>Z BD@(D"<<" PLC B@:\2J,HFb H@:\8@
F4(>":@< STS. ="BD4<,D, & BD4<,D"N, BD4&,*.>>ZN &@ (:"&, 7.10 >" FHD">4P, 152. @>
B@*8:`R.> 8 &&@*J I027.
 STS: <@0>@ B@*8:`R4H\ 8 :`$@<J &&@*J B:"HZ INT.
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G@B@:@(4b 4 B@*8:`R,>4, T4>Z CAN

5.6 S4>" NCT CAN 4 ,. D"2X.<Z

;@*J:\ JBD"&:,>4, F D"2:4R>Z<4 <@*J:b<4 (BJ:\H @B,D"H@D", &ZFH"&:,>>Z6
<"N@&4R@8, BD4&@* NCT) B@**,D04&",H &Fb2\ R,D,2 B@F:,*@&"H,:\>J` T4>J, R,D,2 H"8
>"2Z&",<J` T4>J CAN (CAN: Control Area Network). 
E8@D@FH\ BD@N@0*,>4b F4(>":@& B@ T4>,
% F:JR", &ZFH"&:,>>@(@ BJ:\H" @B,D"H@D" 4 &ZFH"&:,>>@(@ <"N@&4R8" F8@D@FH\ BD@-
N@0*,>4b F4(>":@& B@ T4>,:

500 kbit/F,8
)@BJF8",<"b *:4>" 8"$,:b: 50<.
E8@D@FH\ BD@N@0*,>4b F4(>":@& T4>Z & FH@D@>J BD4&@*@& NCT:

1 Mbit/F,8.
)@BJF8",<"b *:4>" 8"$,:b:

30 <
E4(>":Z CAN 4 –CAN (4:4 HIGH 4 LOW) b&:b`HFb JD@&>b TTL 4B,D,*"`HFb 4 BD4>4-
<"`HFb  CAN transceiver-@<. AD4(@@*>Z6 *:b T4>Z CAN 8"$,:\:

^8D">4D@&">>Z6 8"$,:\, F@ F8DJR,>>@6 B"D@6 04:.
?$" 8@>P" T4>Z >J0>@ 2"8DZH\ F@BD@H4&:,>4,<

120 S .
% D"2X.<"N 9-H4 B@:`F>@6 T4>Z Dsub CAN F4(>":Z CAN 4 –CAN *J$:4D@&">Z.
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A@*8:`R,>4,  D"2X.<" N2 B:"HZ
CPU104

A@*8:`R,>4, D"2X.<@& NCT101 N2 4
NCT104 CTRL_KB CON_CAN

E@,*4>,>4, BJ:\H" JBD"&:,>4b F <@*J:,< JBD"&:,>4b T4>@6
CAN

5.6.1 A@*8:`R,>4, D"2X.<@& N2 4 CON_CAN

C"2X.<  N2, 4<,`V46Fb >" B:"H, NCT104
CPU104, F@,*4>b,HFb F D"2X.<@< CON_CAN
B:"HZ CTRL_KB, D"FB@:@0,>>Z< 2" 8:"&4"-
HJD@6 &&@*" *">>ZN.

C"2X.< N2 F4FH,<>@6 B:"HZ NCT101 BD4(@-
*,> 8 BD4.<J F4(>":@& &ZFH"&:,>>@(@ <"N@-
&4R8".
C"2X.< CON_CAN B:"HZ  CTRL_KB, D"FB@-
:@0,>>Z6 2" 8:"&4"HJD@6 &&@*" *">>ZN
NCT104, F@,*4>b,HFb J <@*J:` JBD"&:,>4b
R,D,2 D"2X.< N2 B:"HZ CPU104. %ZFH"&:,>-
>Z6 <"N@&4R@8 B@*8:`R",HFb H@0, 8
D"2X.<J CON_CAN.

C"2X.<Z N2 4 CON_CAN b&:b`HFb D"2X.<"<4 9p Dsub <aH\.
E4(>": NC Ready &8:`R",H LED 8:"&4"HJDZ &&@*" *">>ZN >" &ZFH"&:,>>@< BJ:\H,
JBD"&:,>4b.
%Z&@* +9V (200 <A) F:J04H *:b B4H">4b &ZFH"&:,>>@(@ <"N@&4R8".
E4(>":Z CAN 4 –CAN *J$:4D@&">Z, RH@$Z <@0>@ $Z:@ :,(8@ &FHD@4H\ & D"2X.< F@-
BD@H4&:,>4, $:@84D@&84 120S.
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5.6.2 A@*8:`R,>4, D"2X.<" NCT101 N1

C"2X.< N1 @H  NCT101 F:J04H *:b F@,*4>,>4b F P4LD@-
&Z<4 BD4&@*"<4 NCT. ;@0,H @$F:J04&"H\ >, $@:,,  4-N
BD4&@*@&
HIGH CAN, LOW F@@H&,HFH&J,H F4(>":J –CAN.

5.6.3 A@*8:`R,>4, D"2X.<@& E1,E2 B:"HZ XMU CAN

A:"H"  XMU CAN JBD"&:,>4b NCT104 BD4(@*>"
8 @$F:J04&">4` 8"0*Z6 D"2X.< B@ 2 BD4&@*"
NCT.
C"2X.<Z C1 4 C2 b&:b`HFb D"2X.<"<4 9p Dsub
<aH\.
E4(>":Z CAN 4 –CAN *J$:4D@&">Z, RH@$Z <@0-
>@ $Z:@ :,(8@ &FHD@4H\ & D"2X.< F@BD@H4&:,>4,
$:@84D@&84 120S.

A@*8:`R,>4, NCT101 N1

A@*8:`R,>4, NCT104 C1, C2 
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A@*8:`R,>4, D"2X.<@& E1, ...,
E4 

M"D"8H,D4FH48" F4(>":@&
*"HR48" F4(>":" &ZN@*@< TTL

5.7 A@*8:`R,>4, D"2X.<@& *"HR48@& F4(>":" E1, ..., E4

IBD"&:,>4,< BD4>4<"`HFb &Z&@*Z *"HR48@& F4(-
>":@& 42<,D4H,:b N@*" TTL R,D,2 :4>,6>ZN BD4-
.<>48@&. 
C"2X.<Z E1, ..., E4 BD,*FH"&:b,H F@$@6 15p Dsub
<"H\.
%N@*>Z, F4(>":Z "&H@<"H4R,F84 JR,H&,DbHFb,H@
,FH\ 4 J >"$,("`V,6 8D@<84 4 J F$,("`V,6
8D@<84 L"2Z A 4 B &,*.HFb FR.H. 1>"R4H, ,F:4
R4F:@ 4<BJ:\F@& *"HR48" F4(>":@& 2500, JBD"&:,-
>4,< B@*FR4H",HFb 10000 4<BJ:\F@& 2" 1 @$@D@H
*"HR48" F4(>":@&.
=" &&@*"N C, –C BD4>4<"`HFb >J:,&Z, 4:4 D,L,-
D,>H>Z, 4<BJ:\FZ *"HR48" F4(>":@&.
+F:4 & :`$@6 L"2, (A, B, 4:4 C) JD@&,>\ B@:@04-
H,:\>ZN F4(>":@& (A, B, C) F@&B"*",H JD@&>,< @HD4P"H,:\>ZN F4(>":@& (–A, –B, –C),
>"BD4<,D: @$" D"&>@ 1 (high), JBD"&:,>4,< *".HFb F@@$V,>4, @$ @T4$8, 002n )!G-
Q37n, 4 >,<,*:,>>@ &Z8:`R",HFb &Z&@* B:"HZ 4>H,DL,6F" EG!=?7 %79, H,<
F"<Z< F@2*".HFb "&"D46>@, F@FH@b>4,.
EB,P4L48"P4b &&@*"
 <"8F4<":\>"b &N@*bV"b R"FH@H": Fin <"8F= 600 8'P
 &N@*bV46 4<B,*">F & FH@D@>J +5& >" &&@*,

:`$@(@ F4(>":": Rin=1,8 kS
 &N@*bV46 4<B,*">F <,0*J B@:@04H,:\>Z<4 4

@HD4P"H,:\>Z<4 F4(>":"<4: Rin=110 S, &
FHD@8, Cin=4,7nF

):b B@*8:`R,>4b *"HR48@& F:,*J,H 4FB@:\2@&"H\
^8D">4D@&">>Z6 8"$,:\ F@ F8DJR,>>@6 B"D@6 04:.
]8D">4D@&">4, 8"$,:b >,@$N@*4<@ BD4&b2"H\ 8
8@DBJFJ D"2X.<" F @$,4N FH@D@>!
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M"D"8H,D4FH48" F4(>":@& *"HR48@& F F4-
>JF@4*":\>Z< &ZN@*@<

A TTL kimenetű jeladók csatlakozó bekötése

5.7.1 AD4.< &Z&@*@& F4>JF@4*":\>ZN *"HR48@& F4(>":" B:"H@6 EXEI, 4:4 EXEV

A:"HZ  XMU2000 4 XMU CAN  JBD"&:,-
>4b NCT104 <@0>@ BD4FB@F@$4H\ 4 8
BD4.<J  &Z&@*@& F4>JF@4*":\>ZN *"HR4-
8@& F4(>":" &FHD@,>4,< @BP4@>>ZN
B:"H B@ @Fb<.
E4>JF@4*":\>"b &@:>", &ZBJV,>>"b
*"HR48@< F4(>":@& *,:4HFb >" 5 R"FH,6
B:"H@6 EXEI, 4:4 EXEV 4 *:b 8"0*@6
R"FH4 F@2*".HFb @*4> F4(>": A–B JD@&>b
TTL, F<,V.>>Z6 *DJ( 8 *DJ(J >" 90°-@&.
]H" B@F:,*@&"H,:\>@FH\ 4<BJ:\F@& &
*":\>,6T,< @$D"$"HZ&",HFb JBD"&:,>4-
,<, F@(:"F>@ 42:@0,>>Z< J &&@*@&  TTL.
1>"R4H, ,F:4 *,:,>4, >"T,6 42<,D4-
H,:\>@6 D,684 (H@ ,FH\ ,(@ F4>JF@4*":\-
>Z6 B,D4@*) D"&>@ 20:<, &FHD@,>>Z<
8@>HJD@< EXEI, 4:4 EXEV F@2*".HFb B@-
F:,*@&"H,:\>@FH\ 4<BJ:\F@& TTL F B,D4@*@< 20:</5=4:<, RH@ 4-8D"H>@ @P,>4&",HFb
JBD"&:,>4,< & N@*, @$D"$@H8,, H84< @$D"2@< B@:JR4< D"2D,T,>4, 42<,D,>4b, D"&>@,
1:<.
A@*8:`R,>4, D"2X.<@& :"HR48@& F4(>":@& E1, ..., E4 H@ 0, F"<@,, 8"8 & F:JR", BD4.<"
F4(>":@& TTL.
% F:JR", BD4.<" F4>JF@4*":\>ZN F4(>":@&, ,F:4 JD@&,>\ F4(>":@& (H@8, 4:4
>"BDb0,>4,) >, F@@H&,HFH&J,H, JBD"&:,>4,< *".HFb F@@$V,>4, @$ @T4$8,  002n
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A@*8:`R,>4, D"2X.<" *"HR48@& F4(>":@& F4>JF@4-
*":\>@(@ &ZN@*"

A@*8:`R,>4, D"2X.<" A1

)!GQ37n, 4 >,<,*:,>>@ &Z8:`R",HFb &Z&@* B:"HZ 4>H,DL,6F" EG!=?7 %79, H,<
F"<Z< F@2*".HFb "&"D46>@, F@FH@b>4,. 
;"8F4<":\>"b &N@*>"b R"FH@H": Fin <"8F=258'P
):b B@*8:`R,>4b F4>JF@4*":\>Z6 *"HR48@& F4(>":@& F:,*J,H 4FB@:\2@&"H\ 8"$,:\
F@ F8DJR,>>@6 B"D@6 04:, ̂ 8D">4D@&">>@6 B@ 04:"< 4 F>"$0.>>Z6 @$V4< ̂ 8D">4-
D@&">4,<, J 8@H@D@(@ >"BDb0,>4, B4H">4, <@0>@ ̂ 8D">4D@&"H\ 8"0*@(@ @H*,:\>@!
]8D">4D@&">4, 8"$,:b >,@$N@*4<@ BD4&b2"H\ 8 8@DBJFJ D"2X.<" F @$,4N FH@D@>!

5.8 A@*8:`R,>4, D"2X.<" A1 ">":@(@&ZN &Z&@*@&

?F>@&>@6 F4(>": P,B4 D,(J:bH@D" F8@D@FH4
<@0>@ B@*&@*4H 8 BD4&@*"< @HD"2X.<" A1:
 CMND1, ..., CMND4
?F>@&>Z, F4(>":Z F@2*"`HFb 42 F4(>":@&,
BD4N@*bV4N @H D"2X.<" *"HR48@& F4(>":@&,
4<,`V,(@ @*4>"8@&Z6 F >4<4 4>*,8F. ="-
BD4<,D: &Z&@* @F>@&>@(@ F4(>":", @H>@Fb-
V,(@Fb 8 D"2X.<J *"HR48" F4(>":@& E2:
CMND2.
="(DJ0",<@FH\ &Z&@*@&:
 U&ZN.<"8F= +/–10&
 Ik&ZN.<"8F= +/– 5<A
C"2X.< BD,*FH"&:b,H F@$@6 !1 25p Dsub
<aH\.
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A@*8:`R,>4, ">":@(@&ZN &Z&@*@&

5.8.1 E@2*">4, &Z&@*" H"N@ @BP4@>>@6 B:"HZ TACHO

?BP4@>>@6 B:"H@6 TACHO <@0>@ B@:\2@&"H\Fb H@:\8@ & JBD"&:,>44 NCT101, *":,,
& F:JR", NCT104 <@0>@ B@:\2@&"H\Fb H@:\8@ B:"H@6 XMU2000, BD4 ">":@(@&@< &Z*"-
R, F4(>":@&. ?BP4@>>@6 B:"H@6 TACHO F:,*J,H B@:\2@&"H\Fb H@:\8@ & H@< F:JR",, ,F-
:4 *"HR48 F4(>":@& @$@DJ*@&"> >,B@FD,*FH&,>>@ >" @F4 *&4("H,:b, 4>"R, @F\ $J*,H
8@:,$"H\Fb.
E4(>":Z H"N@ $,DJHFb H"80, @H D"2X.<" A1:
 TACH1, ..., TACH4
E4(>":Z H"N@ @$D"2J`HFb 42 F4(>":@&, BD4N@*bV4N @H D"2X.<", 4<,`V,(@
@*4>"8@&Z6 F >4<4 4>*,8F. ="BD4<,D: &Z&@* H"N@F4(>":", @H>@FbV,(@Fb 8 D"2X.<J
*"HR48" E2: TACH2.
="(DJ0",<@FH\ &Z&@*@&:
 U&ZN.<"8F= +/–10&
 Ik&ZN.<"8F= +/– 5<A
IFH">@&8" B:"HZ H"N@:
 3&/338'P, (*, R"FH@H" D"&>" R"FH@H, 4<BJ:\F@&, BD4N@*bV4N @H *"HR48" TTL.

L %>4<">4,! A>":@(@&Z, F4(>":Z F:,*J,H BD@&@*4H\ &F,(*" B@ ̂ 8D">4D@&">>Z< 8"-
$,:b<, B@ *":\T, @H BD@&@*@& *&4("H,:b 4 BD@R4N 8"$,:,6 $@:\T4N H@8@& 4
&ZF@84N R"FH@H . 7"$,:Z F,D&@*&4("H,:,6 AC >,@$N@*4<@ ^8D">4D@&"H\!
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A@*8:`R,>4, D"2X.<" O1

5.9 A@*8:`R,>4, D"2X.<" &Z&@*@& 4>H,DL,6F" O1

=" D"2X.<, O1 4<,`HFb &Z&@*Z 4>-
H,DL,6F". C"2X.< BD,*FH"&:b,H F@$@6
O1 37p Dsub <aH\.
%Z&@*Z @$@2>"R,>Z FFZ:8@6, F@(:"F-
>@ BD@(D"<<, PLC. =" <,FH@ B,D&@6
P4LDZ B@F:, F4<&@:" Y - ̂ H@ $J8&" n,
4<,`V46 4>*,8F F@(:"F>@ >@<,DJ
B:"HZ INT:
 n=0 FFZ:",HFb >" &Z&@* >" 1-6 B:"H,,
 n=1 FFZ:",HFb >" &Z&@* >" 2-6 B:"H,,
 n=2 FFZ:",HFb >" &Z&@* >" 3-6 B:"H,,
 n=3 FFZ:",HFb >" &Z&@* >" 4-6 B:"H,.
% F:JR", NCT101, n=0.
=" ^H@< D"2X.<, 4<,,HFb &Z&@* Ma-
chine On (EG!=?7 %79), 8@H@DZ6
&8:`R",HFb FFZ:8@6 U540 42 BD@-
(D"<<Z PLC. IF:@&4,< &8:`R,>4b
b&:b,HFb, RH@$Z
 NC >"N@*4:Fb & (@H@&@< 8 ^8FB:J"-

H"P44 F@FH@b>44,
 >, 4<,:@ *,6FH&4, 8"H"FHD@L4R,F-

8@, F@FH@b>4, @T4$84 (>"BD4-
<,D: & P,B4 F,D&@).

%Z&@*Z 2"V4V.>Z @H 8@D@H8@(@ 2"<Z8">4b 4 @H B,D,(DJ284. +F:4
>" @*>@< 42 &Z&@*@& B:"H 4>H,DL,6F" &@2>48>,H 8@D@H8@,
2"<Z8">4,, JBD"&:,>4,< *".HFb F@@$V,>4, @$ @T4$8,
1!;Y7!=3+ ij0, (*,:
i=0 @2>"R",H B,D&J` B:"HJ 4>H,DL,6F"., i=1- &H@DJ`, i=2 - HD,H\` 4
i=3 - R,H&.DHJ`,
4 j=0 @2>"R",H >" F@@H&,HFH&J`V,6 B:"H, B,D&J` (DJBBJ 16
&Z&@*@&, j=2 - &H@DJ` (DJBBJ. 
#@:,, B@*D@$>@ >, @B@2>".HFb &Z&@*, 4<,`V46 8@D@H8@, 2"<Z8">4,.  ]H@ @T4$8"
F@2*".H F@FH@b>4, !%!C3a, H@ ,FH\ &Z8:`R",HFb &Z&@* Machine On.

=" D"2X.<, 4<,,HFb *&" &&@*" >"BDb0,>4b B4H">4b: +24VDC/1 4 +24VDC/2.
)&" &&@*" >"BDb0,>4b B4H">4b >, F@,*4>,>Z.

%&@*Z +24VDC/1 B4H"`H &Z&@*Z Yn00,  ..., Yn07, Yn10, ..., Yn17,
&&@*Z +24VDC/2 B4H"`H &Z&@*Z Yn20,  ..., Yn27, Yn30, ..., Yn37.
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A@*8:`R,>4, D"2X.<" I1 A@*8:`R,>4, D"2X.<" I2

5.10 A@*8:`R,>4, D"2X.<@& I1, I2 &&@*@& 4>H,DL,6F"

=" D"2X.<"N I1, I2 4<,`HFb &&@*Z 4>H,DL,6F".C"2X.<Z BD,*FH"&:b`H F@$@6 I1, I2 37p
Dsub <aH\.
%Z&@*Z @$@2>"R,>Z FFZ:8@6, F@(:"F>@ BD@(D"<<, PLC. =" <,FH@ B,D&@6 P4LDZ
B@F:, F4<&@:" I - ^H@ $J8&" n, 4<,`V46 4>*,8F F@(:"F>@ >@<,DJ B:"HZ INT:

n=0 FFZ:",HFb >" &Z&@* >" 1-6 B:"H,,
n=1 FFZ:",HFb >" &Z&@* >" 2-6 B:"H,,
n=2 FFZ:",HFb >" &Z&@* >" 3-6 B:"H,,
n=3 FFZ:",HFb >" &Z&@* >" 4-6 B:"H,..

% F:JR",  NCT101,  n=0, 4 &&@*Z I060, ..., I067 >,H 4<,`HFb.
=" D"2X.<, I1 4<,,HFb F4(>": Machine On 24VDC, F 8@H@D@(@ <@0>@ *"H\ B4H">4, 4F-
8:`R4H,:\>@ &Z&@*J Machine On (EG!=?7 %79) B@ 18-6 H@R8, D"2X.<" O1. % N@*,
&8:`R,>4b FH">8", ,F:4 NC (@H@& 8 ̂ 8FB:J"H"P44 4 >, 4<,,HFb "&"D46>@, F@FH@b>4,,
F4(>": EG!=?7 %79 <@0,H B@*8:`R4H\ 24& >" @FH":\>Z, &Z&@*Z 4>H,DL,6F".
E4(>":Z @BP4@>":\>@6 BD,@$D"2J`V,6 B:"HZ ADBRD A-D R,D,2 H@R84  A1, AGND1,
..., A4, AGND4 D"2X.<" I2. ]H4<4 &@*"<4 <@0>@ B@:\2@&"H\Fb H@:\8@ >" B:"H"N INT100
JBD"&:,>46 NCT104, ,F:4 B:"H" 4<,,H 8@>L4(JD"P4` m1 *0"<B,D@< J1.
L %>4<">4,! 7 F4(>":"< 2,<:4 AGND1, ..., AGND4 <@0>@ B@*8:`R4H\ H@:\8@ 2,<:4

">":@(@&ZN F4(>":@&!
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A@*8:`R,>4, D"2X.<" &ZFH"&:,>>@(@
<"N@&4R8"

A@*8:`R,>4, D"2X.<" H1

5.11 A@*8:`R,>4, D"2X.<" &FHD@,>>@(@ <"N@&4R8" H1

?$@DJ*@&">>Z6 >" BJ:\H,
@B,D"H@D" <"N@&4R@8 B@*-
8:`R",HFb 8 JBD"&:,>4`
R,D,2 D"2X.< H1 25p Dsub
<aH\.
ID@&,>\ F4(>":@&:

TTL
A@*8:`R,>4, @HD4P"H,:\-
>ZN F4(>":@& (–KA, –KB)
>, @$Xb2"H,:\>@. ?$@DJ*@-
&">>Z6 >" BJ:\H, @B,D"H@-
D" <"N@&4R@8 B@FH"&:b,HFb
& F$@D, F D"2X.<@< 25p
Dsub @H,P, 8@H@DZ6 <@0>@
>,B@FD,*FH&,>>@ &FH"&4H\ &
D"2X.< H1.
E4(>":Z !%!C3a Stop1, 2
B@*8:`R,>Z 8 FHD@R>@<J 8:,<<J X1 FH">@R>@(@ BJ:\H" @B,D"H@D". =, 4FB@:\2J,HFb.
E4(>":Z I00, ..., I07 4 O06, O07 b&:b`HFb F4(>":"<4 <"HD4PZ 8>@B84. >,
4FB@:\2J`HFb.

5.12 A@*8:`R,>4, &Z&FH"&:,>>@(@ <"N@&4R8"

12 p P4:4>*D4R,F846 D"2X.<

E4(>":Z +9VDC, GND, CAN 4 –CAN D"2X.<" &ZFH"&:,>>@(@ <"N@&4R8" B@*8:`R"`H-
Fb
& F:JR", NCT101 8 D"2X.<J N1 F4FH,<>@6 B:"HZ,
& F:JR", NCT104 8 D"2X.<J CON_CAN B:"HZ  CTRL_KB, D"FB@:@0,>>@6 2"

8:"&4"HJD@6 *:b &&@*" *">>ZN .
+F:4 &@2:, F,D46>@(@ >@<,D" <"N@&4R8" &4*>" $J8&" R, H@ <,0*J H@R8"<4 5 4 6 (CAN,
–CAN) &FHD@,>@ F@BD@H4&:,>4, $:@84D@&84 120S.
7>@B8" "&"D46>@(@ @FH">@&", >"N@*bV"bFb >" <"N@&4R8,, 4<,,H *&" >,2"&4F4<ZN
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E@,*4>,>4, &ZFH"&:,>>@(@ <"N@&4R8" F JBD"&:,>4,<

8@>H"8H". E4(>":Z 8>@B84 "&"D46>@(@ @FH">@&"
VS1, VS2, b&:b`V4,Fb B,D&Z< 8@>H"8H@< 8>@B84, B@*8:`R4H\ 8 FHD@R>@<J 8:,<<J

X1,
VS3, VS4 b&:b`V4,Fb &H@DZ< 8@>H"8H@< 8>@B84, B@*8:`R4H\ 8 FHD@R>@<J 8:,<<J

X2, 
>"N@*bV,<JFb >" FH">@R>@< BJ:\H, @B,D"H@D".
32-2" BD@R>@FH4 42@:bP44 FB4D":\>@(@ 8"$,:b, B@FH"&:,>>@(@ 8 &ZFH"&:,>>@<J <"-
N@&4R8J 4 42-2" $:42@FH4 F4(>":@& JD@&>b TTL , 8 &8:`R"H,:` "&"D46>@(@ @FH">@&"
&ZFH"&:,>>@(@ <"N@&4R8" <@0>@ B@*8:`R"H\ H@:\8@ >"BDb0,>4,!
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6 IFH">@&@R>Z, 4 F,D&4F>Z, LJ>8P44 JBD"&:,>4b

):b JFH">@&84 JBD"&:,>4b HD,$J`HFb &F,FH@D@>>Z, 2>">4b F@ FH@D@>Z &ZB@:>b`V,-
(@ FB,P4":4FH". ]H4 2>">4b <@0>@ JF&@4H\ 42 F:,*J`V4N B@F@$46:

NCT101M, 104M (4:4 T) CJ8@&@*FH&@ B@ ^8FB:J"H"P44,
NCT101M, 104M (4:4 T) ?B4F">4, BD@(D"<<4D@&">4b,
NCT @B4F">4, BD@(D"<<4D@&">4b PLC.

% ^H@< D"2*,:, 42:@0,>Z H@:\8@ H, 2>">4b, 8@H@DZ, >, F@*,D0"H J8"2">>Z, &ZT,
DJ8@&@*FH&", H"8 8"8 @>4 *:b >@D<":\>@6 D"$@HZ JBD"&:,>4b >, >J0>Z.
E>"R":" D"FF<@HD4< BD@P,FF &8:`R,>4b JBD"&:,>4b, 2"H,< &FHD@,>>Z, LJ>8P44, >,-
@$N@*4<Z, *:b BD4&,*,>4b & *,6FH&4,, BD@&,*,>4b F,D&4F", *4"(>@FH484 JBD"&:,>4b.
?>4 *,:bHFb >" *&, $@:\T4, (DJBBZ:
 – LJ>8P44 D,04<" SERVICE UTILITIES, 4FB@:\2J,<Z, *@ B@:>@6 B,D&@>"R":\>@6

2"(DJ284 JBD"&:,>4b
 – *":,, F,D&4F>Z, LJ>8P44, 4FB@:\2J,<Z, &@ &D,<b >@D<":\>@6 D"$@HZ JBD"&:,>4b.
="B@F:,*@8 F:,*J`H &FHD@,>>Z, & JBD"&:,>4, LJ>8P44 2"V4HZ.

6.1 AD@P,FF &8:`R,>4b JBD"&:,>4b

7@*Z, >,@$N@*4<Z, *:b D"$@HZ JBD"&:,>4b, 2>"R,>4b B"D"<,HD@&, &:4b`V4, >" ,(@
D"$@HJ, " H"80, BD@(D"<<" PLC, &ZB@:>b`V"b BD4B"F@&Z&">4, 8 *">>@<J FH">8J,
$,D.HFb & N@*, D"$@HZ 42 DRAM. E@*,D0">4, DRAM J>4RH@0",HFb & &Z8:`R,>>@<
F@FH@b>44, B@^H@<J BD4 &8:`R,>44 4N >J0>@ 2"(DJ24H\ 42 B"<bH,6, >, 2"$Z&"`V4N
DRAM-Z. 
G"80, & B@FH@b>>Z, B"<bH4 B@B"*"`H *:b F@ND">4,>4b *">>Z,, 2"B4F,>>Z, B@:\2@-
&"H,:,<, 8"8 BD@(D"<<Z *,H":,6, F<,V,>4b >J:,&@6 H@R84 2"(@H@&@8, 8@DD,8P44
4>FHDJ<,>H@&, <"8D@B,D,<,>>Z, (#500...#599), FR.HR484, " H"80,  4>*48"H@DZ PLC,
@HD"0"`V4, F@FH@b>4, D"$@HZ FH">8".
AD@P,FF 2"(DJ284 @2>"R",H B@ FJV,FH&J BD@&,D8JH"84N B"<bH,6.

6.1.1 A,D&Z6 ^H"B 2"(DJ284 4 ,(@ F@@$V,>4b @$ @T4$@8

A@F:, &8:`R,>4b JBD"&:,>4, &ZB@:>b,H F>"R":, F"<@*4"(>@FH48J, BD@&,Db,H FJ<<J
8@*@&, " H"80, B"D"<,HD@& & B@FH@b>>@6 B"<bH4, 2"H,< 2"(DJ0",H DRAM-Z. 
% F:JR", >"N@0*,>4b @T4$@8 

SYSTEM,
HGSZ, 
PLC,
PARAMS

& :`$@< 42 8@*@&, BD4@FH">@&4HFb BD@P,FF 2"(DJ284. 
+F:4 >, @$>"DJ0,>Z @T4$84, B@F:, &ZT,B,D,R4F:,>>ZN B@24P44 &Z*".HFb
F@@$V,>4, OK, 4 @04*",H >,F8@:\8@ F8J>*, RH@$Z @B,D"H@D >"0"& FBP4":\>J`
8@<$4>"P4` 8:"&4T, JFB,: 2"N@*4H\ 8 LJ>8P4b< SERVICE UTILITIES.
! BD4 @T4$@8 B@b&4HFb >"*B4F\ BAD 4 ^H4< 2"8">R4&",HFb BD@P,*JD" B@FHD@,>4b.
L%>4<">4,: +F:4 NC @FH">@&4HFb & N@*, &ZT,J8"2">>@6 BD@&,D84, &F,(*" @$D"-

V"6H,F\ 8 F@@H&,HFH&J`V,<J FB,P4":\>@<J F,D&4FJ!
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6.1.2 I*":,>4, @04*">4b BD@P,FF" B@FHD@,>4b

IBD"&:,>4, B@F:, B,D&@(@ ^H"B" BD@P,FF" B@FHD@,>4b @04*",H >,F8@:\8@ F,8J>*,
RH@$Z @B,D"H@D JFB,: 2"N@*4H\ 8 LJ>8P4b< SERVICE UTILITIES. +F:4 >, F@$4D",<Fb

*@0*"H\Fb *@ ̂ H@(@ &D,<,>4, B@F8@:\8J >, 0,:",< 2"N@*4H\ F:`*", >"0"& 8:"&4TJ 

(CANCEL) J*":b,HFb @04*">4, 4 >"R>.HFb &H@D@6 ^H"B B@FHD@,>4b.

6.1.3 MD">,>4, B"D"<,HD@&. E@@$V,>4, PARAMS – BAD.

1>"R,>4b B"D"<,HD@& 2"(DJ0"`HFb JBD"&:,>4,< 42 B"<bH,6 & DRAM & N@*, BD@P,*J-
DZ &8:`R,>4b.
+F:4 D,*"8H4DJ,< B"D"<,HDZ, 42<,>.>>Z, 2>"R,>4b B"D"<,HD@& B@B"*"`H & DRAM.
)">>Z,, >"N@*bV4,Fb & DRAM-,, 2">@FbHFb (&04("`HFb) & B@FH@b>>J` B"<bH\ H@:\8@
& N@*, F<,>Z ^8D">", (8@(*" &ZN@*4< 42 @8>" D,*"8H4D@&">4b B"D"<,HD@&), & F@BD@-
&@0*,>44 8@>HD@:\>@6 FJ<<Z. ]H@H BD@P,FF $J*,H B@8"2"> >" 1-2 F,8J>*Z & B@:,
FH"HJF" m 4 F <,:\8">4,< >"*B4F4 AC?A.
+F:4 B"D"<,HDZ 42 BD@(D"<<Z PLC 2"(DJ24<, H@(*" >,B@FD,*FH&,>>@ B4T,< DRAM.
1"(DJ28@6 B"D"<,HD@& 42 PLC & B@FH@b>>J` B"<bH\ >, &04("`HFb *">>Z,. 32<,>.>-
>Z, H"84< @$D"2@< B"D"<,HDZ H@:\8@ H@(*" B,D,N@*4:4 $Z & B@FH@b>>J` B"<bH\, ,F-
:4 $Z &@T:4 & LJ>8P4` D,*"8H4D@&">4b B"D"<,HD@& 4 &ZN@*4:4 $Z @HHJ*". =,H >,-
@$N@*4<@FH4 &04("H\ B"D"<,HD@& & B@FH@b>>J` B"<bH\ BD4 4N 2"(DJ284 42 PLC, H"8
8"8 2>"R,>4, B"D"<,HD" :4$@ 2">@F4HFb & N@*, BD@P,*JDZ 4>4P4":42"P44 (I511=1)
B@F:, 8"0*@(@ &8:`R,>4b F@(:"F>@ 8"8@<J->4$J*\ JF:@&4`, :4$@ 2"<,>b,HFb F@(:"F-
>@ F@FH@b>4` &&@*" 4:4 &&@*@& 4>H,DL,6F".
+F:4 JBD"&:,>4, B@FHD@4HFb FF@$V,>4,< 

PARAMS – BAD
^H@ @2>"R",H, RH@ 8@>HD@:\>"b FJ<<" B"<bH,6 B@&D,0*,>". +F:4 B@F:, ̂ H@(@ >"0"H\

8:"&4TJ  (reset), JBD"&:,>4,< 2">@F4HFb F@*,D0">4, B"D"<,HD@&, >"N@*bV4NFb

& B@FH@b>>J` B"<bH\ DRAM, 4 @$ZR>Z< @$D"2@< B@FHD@4HFb (BD4 JF:@&44, RH@ >"$@-
D@< B"D"<,HD@&, &04(">>Z< & B@FH@b>>J` B"<bH\ ̂ H@ &@2<@0>@). ?*>"8@ B@F:, ̂ H@-
(@ JBD"&:,>4,< >, D"2D,T",HFb &8:`R,>4, FH">8". A@F:, ^H@(@ :4$@ 2">@F4< B"D"-
<,HDZ R,D,2 B@F:,*@&"H,:\>Z6 B@DH, :4$@ D,*"8H4D@&">4,< B"D"<,HD@& BD@&,D4<
F@*,D0">4, >"8@B4H,:b.
+F:4 JBD"&:,>4, &F.-H"84 >, B@FHD@4HFb @$ZR>Z< @$D"2@< B@F:, >"0"H4b 8:"&4T4
reset, B,D,N@*4< & D,04< SERVICE UTILITIES 4 2">@F4< @F>@&>@6 >"$@D B"D"<,HD@&,
F@ND">.>>ZN & B@FH@b>>J` B"<bH\.

6.1.4 %H@D@6 ^H"B 2"(DJ284 4 ,(@ F@@$V,>4b @$ @T4$@8

+F:4 JBD"&:,>4,< 4 B"D"<,HDZ $Z:4 >"6*,>Z & B@Db*8,, >"R>.HFb &H@D@6 ^H"B 2"-
(DJ284. % N@*, ̂ H@(@ &ZF8@R4H 42@$D"0,>4, ̂ 8D">" !#E?9_G=!a A?13O3a. AD4
2"(DJ28, BD@&,Db`HFb F:,*J`V4, *">>Z,:

 – AD@&,D8" 8@>HD@:\>@6 FJ<<Z BD@(D"<<Z PLC, ND">4<@6 & FLASH-,. AD4 >"N@0-
*,>44 @T4$84 &Z*".HFb F:,*J`V,, F@@$V,>4,:

AC?UI 1!'CI13G[ ?)=I AC?'C!;;I PLC 
]H@ F@@$V,>4, $J*,H >"B4F">@ & B@:, F@@$V,>4b B@->,<,P84 4 B@-">(:46F84.
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AD4 ^H@< <@0>@ B@FHJB4H\ *&@b8@. %N@*4< <,0*J ^8D">"<4 E+C%3E & @8>@
PLC 4 2"(DJ24< BD@(D"<<J PLC FH">8", :4$@, ,F:4 ̂ H@ ,V. >, (@H@&", B,D,2"(DJ-
24& JBD"&:,>4,, &N@*4< & D,04< SERVICE UTILITIES, (*, 42 PROM-" <@0>@ 2"-
(DJ24H\ @*>J @F>@&>J` BD@(D"<<J PLC.

 – AD@&,Db,HFb 8@>HD@:\>"b FJ<<" 4>*48"H@D@& 4 H"$:4P PLC, @B4FZ&"`T4N F@FH@-
b>4, FH">8". AD4 @$>"DJ0,>44 @T4$84, &Z*".HFb F@@$V,>4,

3504 ?S3#7! G!#9.;+EG! 3=EGC.
L %>4<">4,! A@F:, J*":,>4b &ZT,J8"2">>@(@ F@@$V,>4b @$ @T4$8, >,@$N@*4<@

JFH">@&4H\ ^H4 4>*48"H@DZ 4 H"$:4PZ F@(:"F>@ F@FH@b>4` FH">8". +(@ >,&Z-
B@:>,>4, <@0,H BD4&,FH4 8 >,FR"FH>@<J F:JR"`, 4:4 8 B@&D,0*,>4` FH">8",
B@^H@<J & H"8@< F:JR", @$D"H4H,F\ 2" B@<@V\ 8 FHD@4H,:` FH">8", 4:4 BD@R4-
H"6H, BD4:@0,>>J` 4>FHDJ8P4` FH">8" 4 B@FHJB4H, F@(:"F>@ ^H@<J.

 – AD@&,Db,HFb 8@>HD@:\>"b FJ<<" B"<bH4, F@*,D0"V,6 F@FH@b>4, NC 4 F@ND">b`-
V,6  ,(@ 4 B@F:, &Z8:`R,>4b. G"84<4 *">>Z<4 b&:b`HFb F:,*J`V4,:
G20/G21: *`6<@&"b/<,HD4R,F8"b 2"*"R" D"2<,D", 
2">,F.>>J` 8@DD,8P4` *:4>Z,
,F:4 &Z8:`R,>4, BD@4FN@*4:" &@ &D,<b &ZB@:>,>4b BD@(D"<<Z, J 8"8@(@ 8"*-

D"  BD,DZ&":@F\ &ZB@:>,>4,, *:b H@(@, RH@$Z <@0>@ $Z:@ 2"BJF8"H\ B@-
4F8 BD,D&">>@(@ 8"*D",

JFH">@&8J (D"L4R,F8@(@ 42@$D"0,>4b.
AD4 @$>"DJ0,>44 @T4$84, &Z*".HFb F@@$V,>4,

3508 G!#9.E?EG?a=3a NC ?S3#7!.
L %>4<">4,! A@F:, &ZT,J8"2">>@(@ F@@$V,>4b @$ @T4$8, HD,$J,HFb BD@*J<">>@,

&<,T"H,:\FH&@ @B,D"H@D".

 – AD@&,Db,HFb 8@>HD@:\>"b FJ<<" H"$:4PZ 8@DD,8P44 4>FHDJ<,>H@&. AD4 @$>"DJ-
0,>44 @T4$84, &Z*".HFb F@@$V,>4,

3510 G!#9.7?CC+7O33 ?S3#7!.
L %>4<">4,! A@F:, J*":,>4b &ZT,J8"2">>@(@ F@@$V,>4b @$ @T4$8, F:,*J,H F>@&"

2"<,DbH\ 8@DD,8P44 4>FHDJ<,>H@&, & BD@H4&@< F:JR", ^H@ <@0,H BD4&,FH4 8
>,FR"FH>@<J F:JR"`, 4:4 8 B@&D,0*,>4` FH">8".

 – AD@&,Db,HFb 8@>HD@:\>"b FJ<<" H"$:4PZ >J:,&@6 H@R84 2"(@H@&84. AD4 @$>"DJ-
0,>44 @T4$84, &Z*".HFb F@@$V,>4,

3511 G!#9.=I9+%YM G?Q+7 ?S3#.
L %>4<">4,! A@F:, J*":,>4b &ZT,J8"2">>@(@ F@@$V,>4b @$ @T4$8, F:,*J,H F>@&"

2"<,D4H\ F<,V,>4b >J:,&@6 H@R84 2"(@H@&84, & BD@H4&@< F:JR", 2"BJF8 :`$@6
BD@(D"<<Z <@0,H BD4&,FH4 8 >,FR"FH>@<J F:JR"`, 4:4 8 B@&D,0*,>4` FH">-
8".

 – AD@&,Db,HFb 8@>HD@:\>"b FJ<<" <"8D@B,D,<,>>ZN #500, ..., #599, F@ND">b`V4NFb
4 B@F:, &Z8:`R,>4b. AD4 @$>"DJ0,>44 @T4$84, &Z*".HFb F@@$V,>4,

3545 ?S3#7! G!#9. ;!7C?E?%.
L %>4<">4,! %ZT,J8"2">>Z, B,D,<,>>Z, <@(JH F@*,D0"H\ &"0>Z,, F@ND">b,<Z,

*">>Z,, &:4b`V4, >" D"$@HJ FH">8". G"84<4 <@(JH $ZH\ B"D"<,HDZ P48:@& 42-
<,D,>4b, F@FH@b>4, F<,>V48" 4>FHDJ<,>H@& 4 H.*. A@F:, J*":,>4b &ZT,J8"-
2">>@(@ F@@$V,>4b @$ @T4$8, F:,*J,H JFH">@&4H\ ^H4 D,(4FHDZ F@(:"F>@ F@-
FH@b>4` FH">8". +(@ >,&ZB@:>,>4, <@0,H BD4&,FH4 8 >,FR"FH>@<J F:JR"`,
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4:4 8 B@&D,0*,>4` FH">8" 4 BD@R4N FD,*FH&, B@^H@<J & H"8@< F:JR", @$D"H4-
H,F\ 2" B@<@V\ 8 FHD@4H,:` FH">8", 4:4 BD@R4H"6H, BD4:@0,>>J` 4>FHDJ8P4`
FH">8" 4 B@FHJB4H, F@(:"F>@ ^H@<J.

%ZT,J8"2">>Z, F@@$V,>4b @$ @T4$8, <@0>@ J*":4H\ 8:"&4T,6  (C+E+G). AD4

^H@< *">>Z,, @H>@FbV4,Fb 8 F@@$V,>4`, F$D"FZ&"`HFb >" 0, 8D@<, <"8D@B,D,<,>-
>ZN #500, ..., #599, 2>"R,>4, 8@H@DZN $J*,H BJFHZ<.

6.1.5 32<,>,>4, 8@:4R,FH&" LJ>8P4@>":\>ZN 8>@B@8, 4 B@*P&,H84 ^8D">"

=" >40>,< 8D"` <@>4H@D" D"2<,V,>Z >"*B4F4 2>"R,>4b LJ>8P4@>":\>ZN 8:"&4T.
7@:4R,FH&@ LJ>8P4@>":\>ZN 8:"&4T, >"D4F@&">>ZN >" <@>4H@D,, *@:0>@ F@&B"*"H\
R4F:@< &<@>H4D@&">>ZN B@* <@>4H@D LJ>8P4@>":\>ZN 8:"&4T (F1, F2, ...). KJ>8P4@-
>":\>Z, 8:"&4T4 >"D4FJ`HFb JBD"&:,>4< >" ^8D"> F@(:"F>@ 2>"R,>4` B"D"<,HD"
1130 SFNUMB.
% N@*, BD4&,*,>4b & *,6FH&4, JBD"&:,>4b, B@F:, 2"(DJ284 >"$@D" B"D"<,HD@&, B,D,>,-
F.>>ZN >"BD4<,D @H BD,0>,(@ BD4&,*,>4b & *,6FH&4,, <@0,H F:JR4HFb, RH@ 8@:4R,FH-
&@ LJ>8P4@>":\>ZN 8:"&4T, &4*>ZN >" ̂ 8D">,, @H:4R",HFb @H R4F:" 8>@B@8, >"N@*b-
V4NFb B@* <@>4H@D@<.
+F:4 8@:4R,FH&@ 8>@B@8 >" ̂ 8D">, <,>\T, R4F:" LJ>8P4@>":\>ZN 8:"&4T, &<@>H4-
D@&">>ZN B@* <@>4H@D (>"BD4<,D: >" ^8D">, &4*>@ 5, " B@* <@>4H@D@< 10), @$Z8>@-
&,>>@6 H,N>48@6 BD@:4FHZ&">4b <@0>@ &@6H4 & ^8D"> A!C!;+GCY (DJBBZ E+C-
%3E, 4 42<,>,>4,< B"D"<,HD" 1130 SFNUMB 42<,>4HFb 4 R4F:@ >"D4F@&">>ZN >" ̂ 8-
D"> LJ>8P4@>":\>ZN 8:"&4T.
?*>"8@, ,F:4 8@:4R,FH&@ 8:"&4T >" ̂ 8D">, $@:\T,, R,< &<@>H4D@&">>ZN B@* <@>4-
H@D (>"BD4<,D: >" ^8D">, &4*>@ 10, " B@* <@>4H@D@< 5), ^H@H BJH\ >, (@*4HFb.
;@0,H H"80, F:JR4HFb, RH@ B@*P&,H8J ̂ 8D">" JFH">@&4< H"8, :4$@ B@F*, 2"(DJ284 8"-
8@(@-H@ B"D"<,HD" JFH">@&4HFb H"8"b B@*P&,H8", RH@ >"BD4<,D B"D"<,HDZ >, D,*"8H4-
DJ`HFb, H"8 8"8 >"BD4<,D 8JDF@D 4:4 >"2&">4, B"D"<,HD" >, &4*>Z.
A@FHJB",< F:,*J`V4< @$D"2@<. %@6H4 J (DJBBZ A?13O3a >" 42@$D"0,>4, ̂ 8D">"

!#E?9_G (B@F:, &8:`R,>4b JBD"&:,>4, B@FHD@4HFb ^H4< 42@$D"0,>4,<),
2"H,< >"0"H\ 8:"&4TJ 

(&Z$@D" @B,D"P46). A@F:, ̂ H@(@ >"$D"H\ B@ ":L"&4H>@-P4LD@&@6 8:"&4-

"HJD, F:,*J`V46 H,8FH:
S O F T K E Y ! >"8@>,P >"0"H\ >"N@*bVJ`Fb B@* <@>4H@D@<
B@F:,*>`` LJ>8P4@>":\>J` 8:"&4TJ. 

+F:4 >"BD4<,D B@* <@>4H@D &FHD@,>Z 5 LJ>8P4@>":\>ZN 8>@B@8, >"0"H\ 8:"&4TJ

, " ,F:4 H"< 10 LJ>8P4@>":\>ZN 8:"&4T8 4<,,HFb, >"0"H\ 8:"&4TJ ).

%F:,* 2" ̂ H4< 42<,>4HFb R4F:@ LJ>8P4@>":\>ZN 8:"&4T, >"D4F@&">>ZN >" ̂ 8D"> J-
BD"&:,>4b, 4 JBD"&:,>4,< BD4>4<",HFb B@*P&,H8" 2"&@*F8@6 JFH">@&84, 8"8 $J*H@
BD4<,>b:4 JFH">@&8J 0521 USERCOLOR=0.

 L %>4<">4,! A@* *,6FH&4,< @B4F">>@6 &ZT, @B,D"P44 B"D"<,HD 1130 SFNUMB, 4
0521 USERCOLOR >, 2"<,>b,HFb, H@ ,FH\ B@F:, &Z8:`R,>4b JBD"&:,>4b B@-
FHD@4HFb F>@&" F B,D&@>"R":\>Z< R4F:@< LJ>8P4@>":\>ZN 8:"&4T!
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%N@*4< >" ^8D"> A!C!;+GCY 4 2"B4T,< BD"&4:\>@, 2>"R,>4, >" B"D"<,HD 1130
SFNUMB, " H"80, JFH">@&4< B@*N@*bVJ` B@*P&,H8J.

6.2 KJ>8P44 SERVICE UTILITIES

%@ LJ>8P44 SERVICE UTILITIES <@0>@ &@6H4 & N@*, BD@P,*JDZ >"R":\>@6 2"(DJ284,
BD4 B@<@V4 8@<$4>"P44 FB,P4":\>ZN 8:"&4T. 

6.2.1 %N@* & D,04< SERVICE UTILITIES

A@F:, &8:`R,>4b 4 B,D&@(@ ^H"B" BD@P,*JDZ B@FHD@,>4b B@FHD@4HFb 42@$D"0,>4,
^8D">", 8@>HD@::4DJ`V,, F,8P44 B"<bH4

SYSTEM,
HGSZ, 
PLC,
PARAMS.

+F:4 & N@*, BD@&,D84 8@*@& @8"2":@F\ &F. & B@Db*8,, JBD"&:,>4, @04*",H >,F8@:\8@
F,8J>*, RH@$Z JFB,:4 2"N@*4H\ 8 LJ>8P4b< SERVICE UTILITIES.
+F:4 B@:JR4< F@@$V,>4, 

PARAMS  - BAD,

B,D,* 2"N@*@< F:,*J,H B@:\2@&"H\Fb 8:"&4T,6  (reset).

% D,04< SERVICE UTILITIES H"8 <@0>@ 2"N@*4H\, RH@ 8:"&4T4
S + R

@*>@&D,<,>>@ >"04<",< 4 BD4*,D04&",< 4N >,F8@:\8@ F,8J>*. A@F:, 2"N@*" >"*B4F\
>" ^8D">, $J*,H F:,*J`V"b:

F1 - BOOT PARAMS (Y)
F2 - BOOT PLC (Y)
F3 - SYS KILL (SY)
F4 - CMOS RAM CLEAR (Y)
F5 - WARM RESTART 

="0"& J8"2">>J` LJ>8P4@>":\>J` 8:"&4TJ (F1, ... F5), <@0,< &Z$4D"H\ F@@H&,HFH&J-
`VZ6 BJ>8 H<,>`. A@F:, D"2:4R>ZN BJ>8H@& <,>` & F8@$8"N J8"2">" H" 8:"&4T" (Y:
yes), 4:4 8@<$4>"P4b 8:"&4T (SY: S + Y), 8@H@DZ<4 <@0>@ 2"BJFH4H\ &ZB@:>,>4,
&Z$D">>Z6 BJ>8H <,>`.

6.2.2 KJ>8P44 SERVICE UTILITIES

F1 – BOOT PARAMS (Y): ="0"& 8:"&4TJ F1, 2"H,< >"0"& 8:"&4TJ Y, JBD"&:,>4,<
2"(DJ0",HFb @*4> >"$@D 4FN@*>ZN B"D"<,HD@& 42 B@FH@b>>@6 B"<bH4, 4
42<,>b,H B,D&@>"R":\>Z, B"D"<,HDZ. ="$@D 4FN@*>ZN B"D"<,HD@& JFH">@&:,>
*:b 5-H4 LJ>8P4@>":\>ZN 8:"&4T.

F2 – BOOT PLC (Y): ="0"& 8:"&4TJ F2, 2"H,< >"0"& 8:"&4TJ Y,  JBD"&:,>4,< 2"(DJ-
0",HFb @*>J @F>@&>J` BD@(D"<<J PLC 42 B@FH@b>>@6 B"<bH4, 4 42<,>b,H
4<,`VJ`Fb & B"<bH4 B,D&@>"R":\>J` PLC.

F3 – SYS KILL (SY): ="0"& 8:"&4TJ F3, 2"H,< >"0"& &<,FH, 8:"&4TJ S 4 Y, F4FH,<"
B,D,N@*4H & F@FH@b>4, SYSTEM LOAD. % ^H@< F@FH@b>44 <@0>@ 2"(DJ24H\
F4FH,<>J` BD@(D"<<J @$,FB,R,>4b & JBD"&:,>4,. +(@ B@*D@$>@, @B4F">4,
F<@HD4 &@ (:"&, ? >" FHD">4P, ?.
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F4 – CMOS RAM CLEAR (Y): ="0"& 8:"&4TJ F4, 2"H,< >"0"& 8:"&4TJ Y, JBD"&:,>4-
,< J*":b,HFb 42 B"<bH4

– F<,V,>4b >J:,&@6 H@R84 2"(@H@&84,
– 8@DD,8P44 4>FHDJ<,>H@&,
– #500, ..., #599 <"8D@B,D,<,>>Z,,
– F500, ..., F999 PLC 4>*48"H@DZ (<,FH@ 4>FHDJ<,>H" 4 H"$:4PJ

PLC),
– NC H"$:4PJ F@FH@b>4b (FR.HR484 4 &F, BD@R4, JFH">@&84),

>@ @FH"&:b,H $,2 42<,>,>46 BD@(D"<<J BD@42&@*FH&" *,H":,6 & 8"H":(,. ):b
L@D<"H4D@&">4b B"<bH4, F@*,D0"T,6 BD@(D"<<Z BD@42&@*FH&" *,H":,6,
F<@HD4 (:"&J 6.3.8 I*":,>4, B"<bH4 BD@(D"<<Z BD@42&@*FH&" *,H":,6 L@D<"-
H4D@&">4,< >" FHD">4P, 97.

F5 – WARM RESTART: ="0"& 8:"&4TJ F5, JBD"&:,>4, &ZN@*4H 42 D,04<" SERVICE
UTILITIES, &ZB@:>b,H 2-6 ̂ H"B BD@P,*JDZ &8:`R,>4b, 4 B@FHD@4HFb 42@$D"0,-
>4, ^8D">" !#E?9_G=!a A?13O3a, 8"8 B@F:, >@D<":\>@(@ &8:`R,>4b.
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6.3 E,D&4F>Z, LJ>8P44 BD4 >@D<":\>@6 D"$@H, JBD"&:,>4b

32:@0,>>Z, 2*,F\ BD,*B@:@("`H 2>">4b @$ ^8FB:J"H"P44 JBD"&:,>4b, 8@H@DZ, F@-
*,D0"HFb & B@F@$44 F >"2&">4,< “CJ8@&@*FH&@ B@ ̂ 8FB:J"H"P44 4 @B4F">4, D"$@HZ”.
]H" (:"&" B@ FJH4 BD,*FH"&:b,H F@$@6 *@B@:>,>4, 8 J8"2">>@<J &ZT, B@F@$4`, B@H@-
<J RH@ & H@< >, @B4F">Z F,D&4F>Z, LJ>8P44 JBD"&:,>4b.

="B@<>4<, RH@ JD@&,>\ 4>*48"P44 F@FH@4H 42 *&JN JD@&>b, 4 >" B,D&@< JD@&>, >"N@*-
bHFb F:,*J`V4, (DJBBZ:

A@24P4
b 1

7@>HD@
:\ 2

AD@(D"
<<" 3

E<,V,
>4b 4

'D"L48
" 5

IFH">@
&8" 6

E,D&4F
7 8 9

EHD">
4P" 0

KJ>8P4@>":\>Z, 8>@B84 <@0>@ BD4>,FH4 8 F@FH@b>4` &ZT, B@&H@D>Z< >"0"H4,<

8:"&4T4  (F<,>" ̂ 8D">"). %Z$D"H\ B@24P4` <,>` E,D&4F, >"0"& LJ>8P4@>":\-

>J` 8:"&4TJ ^H@6 0, >"*B4F\`. %@6*b >" &H@D@6 JD@&,>\, (B@&H@D>Z< >"0"H4,<
LJ>8P4@>":\>@6 8:"&4T4 E,D&4F), LJ>8P4@>":\>Z<4 8:"&4T"<4 *@FHJB>Z<4 FH"-
>JH F,D&4F>Z, LJ>8P44, BD,*:@0,>>Z, JBD"&:,>4,<:

A"D"<
1

PLC
2
G+EG
I/O 3

9@(4R.
">":. 4

E4FH,<
" 42<,5

?FP4:@
F8@B 6

?T4$8
4 7

%,DF4b
8 9 0

="0"&F@@H&,HFH&J`VJ` LJ>8-
P4@>":\>J` 8:"&4TJ, *@FH4("-
,HFb 0,:",<"b LJ>8P4b (42@$-
D"0,>4, ^8D">").
1"N@*b FD,*4 E,D&4F>Z, LJ>8-
P44, FB,D&" B@F:, &8:`R,>4b
$J*,H BD,*:@0,>@ @8>@ A!C!-
;+GCY. +F:4 &Z$D"H\ *DJ(@,
@8>@, >"0"& F@@H&,HFH&J`VJ`
LJ>8P4@>":\>J` 8:"&4TJ (>"-
BD4<,D: >"0"& E8@B) 4 B@H@<
&ZN@*4H\ 42 @8@> E,D&4F,
(B@:\2JbF\ 8>@B8@6 BD@:4FHZ-
&">4b), B@H@< B@20, &,D>.<Fb,
>"0"& LJ>8P4@>":\>J` 8:"&4-
TJ E,D&4F, &FD,*4 F,D&4F>Z,
42@$D"0,>4b ̂ 8D">", >" <@>4H@D, B@b&4HFb &Z$D">>@, *@ ̂ H@(@ @8>@ (?EO399?E-
7?A). G@ ,FH\, JBD"&:,>4, “B@<>4H” BD,*Z*JV,, 4FB@:\2@&">>@, @8>@ &>JHD4 @*>@6
(DJBBZ (& >"T,< F:JR", & (DJBB, E,D&4F).
% :`$@< D,04<, JBD"&:,>4b, & :`$@, &D,<b <@0>@ @H8DZH\ :`$@, @8>@ E,D&4F"
(H"80,, 8"8 :`$@, BD@R,, 42@$D"0,>4, ^8D">" JBD"&:,>4b). 
% F,D&4F>ZN @8>"N (8D@<, @8>" A!C!;+GCY 4 PLC) BD4 :`$@< D,04<, JBD"&:,>4b
<@0>@ &ZB@:>4H\ @B,D"P44, >@ H@:\8@ H@(*", ,F:4 FD,*4 JFH">@&@8 2"V4HZ LJ>8P4b
E,D&4F>ZN @B,D"P46 D"2D,T,>Z. ="R4>">4, &ZB@:>,>4b @B,D"P46 &@2<@0>@ >"0"-

H4,< 8:"&4T4 <,>` @B,D"P46 .
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6.3.1 A"D"<,HDZ 

32@$D"0,>44 ^8D">" A!C!-
;+GCY F:J04H *:b B@F<@HD",
D,*"8H4D@&">4b &F,N B"D"<,H-
D@& JBD"&:,>4b. 7D@<, ̂ H@(@, &
^H@6 LJ>8P44 <@0>@ 42 &>,T-
>4N JFHD@6FH& R,D,2 B@F:,*@&"-
H,:\>Z6 8">": RS-232C &&@-
*4H\, 4:4 &Z&@*4H\ B"D"<,HDZ.
A@F<@HD B"D"<,HD@& &@2<@0,>
BD4 &F,N D,04<"N JBD"&:,>4b.
':"&>Z, (DJBBZ B"D"<,HD@&
&4*>Z >" BD4:@0,>>@< D4FJ>-
8,. ED,*4 (:"&>ZN (DJBB <@0-
>@ B,D,<,V"H\Fb 8:"&4T"<4
JBD"&:,>4b 8JDF@D@< (&&,DN)

 (&>42) . +F:4 0,:"-

,< &@6H4 & 8"8J`-H@ 42 (:"&>ZN (DJBB (>" D4FJ>8, >"BD4<,D & (DJBBJ SERIAL), B,D,-

<,V",< B@:@FJ >" 0,:",<J` (:"&>J` (DJBBJ, 2"H,< >"0"H\ 8:"&4TJ  (AD"&"b).

AD4 ^H@< J0, >" @*4> JD@&,>\ 2"N@*4< &@ &>JHD\ 4 &4*4< >" ^8D">, &>JHD4 &Z$D">-
>@6 (:"&>@6 (DJBBZ <,>` B@*(DJBB. A@*(DJBBZ <@0>@ &Z$4D"H\ H"80, 8:"&4T"<4

(%&,DN)  (%>42) , 2"H,< >"0"& 8:"&4TJ  (AD"&"b) <@0,< 2"N@*4H\ >"

BD@F<@HD &Z$D">>ZN B"D"<,HD@&. 

M@* BD@P,FF" @$D"H>@ F:,*J`V46: >"0"& 8:"&4TJ  (9,&"b), F@&,DT",HFb T"(

>"2"* & B@*(DJBBJ, 2"H,< @BbH\ >"0"& 8:"&4TJ , - & (:"&>J` (DJBBJ. 

A@*D@$>Z6 B,D,R,>\ 4 4FH@:8:&">4,, BD,*,:\>Z, 2>"R,>4b, <"FTH"$Z B"D"<,HD@&
42:@0,>Z & @H*,:\>@6 (:"&, ^H@(@ DJ8@&@*FH&".
32<,>,>4, 2>"R,>46 B"D"<,HD@&, :4$@ D,*"8H4D@&">4,<, :4$@ 2"(DJ28@6 R,D,2 B@F:,-
*@&"H,:\>Z6 8">":, &@2<@0>@ H@:\8@ & D,04<, D,*"8H4D@&">4b. (="*B4F\ C+) 1-,
B@:, FH"HJF>@6 FHD@84 ̂ 8D">"). %Z$4D",< D,04< D,*"8H4D@&">4b >"0"H4,< 8:"&4T4

 >" FH">@R>@6 B">,:4 @B,D"H@D" 2, 4:4, ,F:4 >" JBD"&:,>44 >,H FH">@R>@6 B">,-

:4 @B,D"H@D", F B@<@V\` LJ>8P4@>":\>ZN 8:"&4T, 8"8 ̂ H@ 42:@0,>@ & “CJ8@&@*FH&,

B@ ̂ 8FB:J"H"P44 4 @B4F">44 D"$@HZ”. 1"H,< >"0"H\ 8:"&4TJ &Z$@D" @B,D"P46 .

(+F:4 >"0":4 8:"&4TJ &Z$@D" @B,D"P46, 4 >"N@*4<Fb >, & D,04<, D,*"8H4D@&">4b,
& 7-@< B@:, FHD@84 FH"HJF" ̂ 8D">" B@b&4HFb F4<&@: F@FH@b>4b 4F8:`R,>4b *DJ( *DJ("
º»). A@F:, ^H@(@ <@0>@ D,*"8H4D@&"H\ B"D"<,HDZ, 4:4 2"(DJ24H\ 4 &Z*"&"H\ 4N.

C,*"8H4D@&">4, B"D"<,HD@&
%Z$4D",< F@@H&,HFH&J`VJ` B@*(DJBBJ 4 &N@*4< & ,.. % FHD@8, >"* LJ>8P4@>":\>Z-
<4 8:"&4T"<4 B@b&4HFb 4*,>H4L48"P4@>>Z6 >@<,D, >"2&">4,, 4 2>"R,>4, &Z$D">>@-
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(@, D,*"8H4DJ,<@(@ B"D"<,HD". 
1>"R,>4, B"D"<,HD@& 42<,>b,< 4FB@:\2@&">4,< P4LD@&@6 8:"&4"HJDZ: 0, 1, ..., 9 "

H"80, 8:"&4T4 2>"8" , 4:4 . AD4 &&@*, B"D"<,HD@& B@:\2@&"H\Fb *,FbH4R-

>Z< 2>"8@< (.) >,&@2<@0>@.
="0"& 8"8J`->4$J*\ 8:"&4TJ &&@*" P4L,D, 42 >40>,6 FHD@84 &&@*" *">>ZN 4FR,F>,H
2>"R,>4, BD,0>,(@ B"D"<,HD", 4 &4*>" $J*,H >"$D">>"b P4LD". 
AD4 0,:">44 &@2&D"V"H\Fb 8 BD,*Z*JV,<J ̂ :,<,>HJ Db*" P4L,D, >"N@*bV,(@Fb B@*

D,*"8H4D@&">4,<, B@:\2J,<Fb 8:"&4T"<4  (Backspace), 4:4  (Enter). GJ P4L-

DJ, >" 8@H@DJ` B@8"2Z&",H 8JDF@D, <@0>@ 42<,>4H\ B@:\2@&">4,< P4LD@&@6 8:"&4"-

HJDZ, 4:4 J*":4H\ >"0"H4,< 8:"&4T4  (del). 

A@F:, 2"&,DT,>4b D,*"8H4D@&">4b *">>@(@ B"D"<,HD", >"0"& :`$J` 42 8:"&4T

, , , 4:4 , >@&@, 2>"R,>4, B@B"*",H & FB4F@8. 

%@ &D,<b D,*"8H4D@&">4b B"D"<,HD@& &ZB@:>b,HFb JBD"&:,>4,< ">":42 BD,*,:\>ZN
2>"R,>46, RH@ &@2<@0>@ :4 42@$D"0"H\ &&,*,>>Z, *">>Z, & BD4>bH@< *:b *">>@(@
B"D"<,HD" L@D<"H,. +F:4 >,H, & >40>,6 FHD@8, B@b&4HFb F@@$V,>4, @$ @T4$8, ?-

S3#7! )!==YM, 8@H@D@, J*":b,HFb 8:"&4T,6  (cancel). AD4 B@*D@$>@< @B4-

F">44 B"D"<,HD@& B@<4<@ 4*,>H4L48"P44 (>@<,D" 4 >"2&">4b) 8"0*@(@ B"D"<,HD"
2"*"> 4 L@D<"H B"D"<,HD".

=@&@, 2>"R,>4, B"D"<,HD@& &04(",HFb & B@FH@b>>J` B"<bH\ H@:\8@ H@(*", ,F:4 BD@-
:4FH">4,< &ZT:4 42 ̂ 8D">" A!C!;+GCY. % ̂ H@ &D,<b & 4-@< B@:, FH"HJF>@6 FHD@84
>" 1-2 F,8J>*Z <,:\8>.H F@@$V,>4, AC?A.

AD@R4, @B,D"P44 A!C!;+GC?%

1"(DJ2
4H\ 1

E@ND">
4H\ 2 3 4 5 6 7 8 9 0

'DJBB" @B,D"P46 1"(DJ24H\: ="0"& 8:"&4TJ, J&4*4< ,V. HD4 8:"&4T4 @B,D"P46:
FEW, %ZB@:>,>4,, ?H<,>". +F:4 B"D"<,HDZ 0,:",< 2"(DJ24H\ >, 42 B@F:,*@-
&"H,:\>@(@ 8">":", " 42 PC, @BP4@>>@ BD4F@,*4>.>>@(@ 8 JBD"&:,>4`, >"0"H\
8:"&4TJ F >"*B4F\` FEW. 1"(DJ28" 2"BJF8",HFb >"0"& 8:"&4TJ %ZB@:>,>4,,
4 BD,DZ&",HFb >"0"& 8:"&4TJ ?H<,>".

'DJBB" @B,D"P46 E@ND">4H\: ="0"& 8:"&4TJ, J&4*4< ,V. HD4 8:"&4T4 @B,D"P46:
FEW, %ZB@:>,>4,, ?H<,>". +F:4 B"D"<,HDZ 0,:",< F@ND">4H\ >, R,D,2 B@F:,-
*@&"H,:\>Z6 8">":, " & PC, @BP4@>>@ BD4F@,*4>.>>Z6 8 JBD"&:,>4`, >"0"H\
8:"&4TJ F >"*B4F\` FEW. E@ND">,>4, 2"BJF8",HFb >"0"& 8:"&4TJ %ZB@:>,-
>4,, 4 BD,DZ&",HFb >"0"& 8:"&4TJ ?H<,>".

 L %>4<">4,! AD,0*, R,< R,D,2 B@F:,*@&"H,:\>Z6 8">": 2"BJFH4H\ 2"(DJ28J, 4:4 F@-
ND">,>4,, F:,*J,H J$,*4H\Fb, RH@ 8"8 F@ FH@D@>Z NC, H"8 4 F *DJ(@6 FH@D@>Z
F@&B"*"`H B"D"<,HDZ (BAUD RATE2, WORD LNG2, 4 H.*.), @H>@FbV4,Fb 8 B@F:,-
*@&"H,:\>@<J B,D,>@FJ.

L %>4<">4,! +F:4 >" ̂ 8D">, 7!G!9?' & <,>`AC?'?= &Z$D">" 8"8b-H@ 42 @BP46
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DNC, a 8@<<J>48"P4b &@2<@0>" H@:\8@ B@F:, &Z8:`R,>4b BD@(@>" DNC.
L %>4<">4,! AD4 2"(DJ28, B"D"<,HD@& &F,(*" >J0>@ 4FB@:\2@&"H\ BD@H@8@:

XON/XOFF, 4>"R, & F:JR", F@@$V,>4b @$ @T4$8, "A"D"<,HD >,
F@&<,FH4<Z6"B@F:, J*":,>4b F@@$V,>4b 8:"&4T,6 Cancel >, F<@0,<
BD@*@:0"H\ 2"(DJ28J 4 BD4N@*4HFb F>@&" 2"BJF8"H\ BD@P,FF.

6.3.2 PLC

=" 42@$D"0,>44 ^8D">" PLC
&4*>Z 4>L@D<"P44, F:J0"V4,
*:b 4*,>H4L48"P44 BD@(D"<-
<Z, 2"(DJ0,>>Z, & JBD"&:,>4,.
A@<4<@ ̂ H@(@, & ̂ H@6 LJ>8P44
&@2<@0>@ 42 &>,T>,(@ JFHD@6-
FH&" R,D,2 B@F:,*@&"H,:\>Z6
8">": RS-232C 2"(DJ24H\ BD@-
(D"<<J PLC. 
AD@F<@HD 4>L@D<"P46 BD@-
(D"<<Z PLC &@2<@0>@ BD4 :`-
$@< D,04<, JBD"&:,>4b.
%@2:, 4>*48"P44 )"H" &4*>"
*"H", R"FZ, <4>JHZ B,D,&@*"
BD@(D"<<Z PLC.
%@2:, 4>*48"P44 &,DF4b &4*>"
&,DF4b SW 4FB@:\>4H,:\>@6 BD@(D"<<Z PLC JBD"&:,>4b.
%@2:, 4>*48"P44 B,D,&@*R48 &4*,> >@<,D &,DF44 BD@(D"<<Z B,D,&@*", BD,@$D"2J`-
V,6 4FN@*>@(@ 8@*" PLC & $4>"D>Z6 8@*.
% B@F:,*J`V4N 2" >4<4 FHD@8"N F:,*J,H B,D,R,>\ H,8FH@&@6 4>L@D<"P44, 2"B4F">-
>@6 & :200 <@*J:\ BD@(D"<<Z PLC. +F:4 B,D,R,>\ >, D"2<,V",HFb >" ^8D">,, 8:"&4-

T"<4 , , <@0>@ BD@8DJR4&"H\ H,8FH.

AD@(D"<<@6, B,D,&@*@< PLC 2">4<",HFb @H*,:\>@, DJ8@&@*FH&@. 
AD@(D"<<J PLC H@:\8@ 2"(DJ24H\ <@0>@ & JBD"&:,>4,. +. >,:\2b >4 D,*"8H4D@&"H\,
>4 &Z>@F4H\. 
1"(DJ24H\ &@2<@0>@ H@:\8@ & D,04<, D,*"8H4D@&">4b. (="*B4F\ C+) 1-(@ B@:b FH"-

HJF>@6 FHD@84 ̂ 8D">".) ="0"& 8:"&4TJ , &Z$D"H\ D,04< D,*"8H4D@&">4b >" FH"-

>@R>@6 B">,:4 @B,D"H@D" 2, 4:4, ,F:4 >" JBD"&:,>44 >, 4<,,HFb FH">@R>@6 B">,:4,
F B@<@V\` LJ>8P4@>":\>ZN 8>@B@8, 8"8 ̂ H@ 42:@0,>@ & “CJ8@&@*FH&, B@ ̂ 8FB:J"H"-

P44 4 @B4F">44 D"$@HZ”. 1"H,< >"0"H\ 8:"&4TJ &Z$@D" @B,D"P46 .

1"(DJ2
4H\ 1

E@ND">
4H\ 2 3 4 5 6 7 8 9 0

'DJBB" @B,D"P46 1"(DJ24H\: ="0"& 8:"&4TJ, J&4*4< ,V. HD4 8:"&4T4 @B,D"P46:
FEW, %ZB@:>,>4,, ?H<,>". +F:4 PLC 0,:",< 2"(DJ24H\ >, 42 B@F:,*@&"H,:\-
>@(@ 8">":", " 42 PC, @BP4@>>@ BD4F@,*4>.>>@(@ 8 JBD"&:,>4`, >"0"H\ 8:"&4-
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TJ F >"*B4F\` FEW. 1"(DJ28" 2"BJF8",HFb >"0"& 8:"&4TJ %ZB@:>,>4,, 4
BD,DZ&",HFb >"0"& 8:"&4TJ ?H<,>". 7"8 H@:\8@ >"0":4 8:"&4TJ %ZB@:>,-
>4,, JBD"&:,>4,< "&H@<"H4R,F84 &Z8:`R",HFb 4>*48"P4b 1"BD@F" &8:`R,>4b
FH">8" Y540, H,< F"<Z< &Z2Z&",HFb "&"D46>@, F@FH@b>4,. A@F:, ̂ H@(@ JBD"&-
:,>4, <@0>@ B,D,2"(DJ24H\ H@:\8@ &Z8:`R,>4,<, 4:4 LJ>8P4,6 B,D,2"(DJ284
$,2 &Z8:`R,>4b.

'DJBB" @B,D"P46 E@ND">4H\: ="0"& 8:"&4TJ, J&4*4< ,V. HD4 8:"&4T4 @B,D"P46:
FEW, %ZB@:>,>4,, ?H<,>". +F:4 PLC 0,:",< F@ND">4H\ >, R,D,2 B@F:,*@&"-
H,:\>Z6 8">":, " & PC, @BP4@>>@ BD4F@,*4>.>>Z6 8 JBD"&:,>4`, >"0"H\ 8:"-
&4TJ F >"*B4F\` FEW. E@ND">,>4, 2"BJF8",HFb >"0"& 8:"&4TJ %ZB@:>,>4,,
4 BD,DZ&",HFb >"0"& 8:"&4TJ ?H<,>".

 L %>4<">4,! AD,0*, R,< 2"BJFH4H\ 2"(DJ28J, 4:4 F@ND">,>4, B@ B@F:,*@&"H,:\>@<J
8">":J, F:,*J,H J$,*4H\Fb @ H@<, RH@ 8"8 F@ FH@D@>Z NC, H"8 4 F *DJ(@6 FH@D@>Z
F@&B"*"`H B"D"<,HDZ (BAUD RATE2, WORD LNG2, 4 H.*.), @H>@FbV4,Fb 8 B@F:,-
*@&"H,:\>@<J B,D,>@FJ. +F:4 >" ^8D">, K!G!9?' & <,>` C!1'?= 8"8"b-H@
42 @BP46 DNC &Z$D">", 8@<<J>48"P4b &@2<@0>& H@:\8@ B@F:, &Z8:`R,>4b
D"2(@>" DNC.

6.3.3 G,FH I/O

G,FH I/O F:J04H *:b 4>*48"P44
*&JNB@24P4@>>@(@ F4(>":" FH"-
>@R>@(@ 4>H,DL,6F", " H"80,
&>JHD,>>ZN B,D,<,>>ZN BD@-
(D"<<Z PLC.
A@:\2JbF\ ^H4< ^8D">@<, 4<,-
,HFb &@2<@0>@FH\ *:b 2"B4F4
4:4 J*":,>4b :`$@(@ *&JNB@-
24P4@>>@(@ &ZN@*>@(@ F4(>"-
:", 4:4 4>*48"P44. 
32@$D"0,>4, ̂ 8D">" 4 ,(@ @B,-
D"P44 BD4<,>4<Z BD4 :`$@<
D,04<, JBD"&:,>4b.
=" ^8D">, &4*>Z 9 H"$:4P.
% H"$:4P, INP B,D,R4F:,>Z &
$4>"D>@6 L@D<, F@FH@b>4b
&&@*@& 4>H,DL,6F" (&&@*Z 8"DH INT @H I000 *@ I397) 4 4>*48"H@D@& &&@*@& (@H I400*@
I997). % @*>@6 FHD@8, &4*>" 4>L@D<"P4b B@ 16 $4H@&.
% H"$:4P, OUT B,D,R4F:,>Z F@FH@b>4b &Z&@*@& 4>H,DL,6F" (&Z&@*Z 8"DH INT @H
Y000 *@ Y397) 4 4>*48"H@D@& &Z&@*@& (@H Y400 *@ Y997). % @*>@6 FHD@8, &4*>" 4>L@D-
<"P4b B@ 16 $4H@&.
% H"$:4P, FLAG B,D,R4F:,>Z & $4>"D>@6 L@D<, F@FH@b>4b &>JHD,>>4N B,D,<,>>ZN
BD@(D"<<Z PLC (@H F0000 *@ F9997). % @*>@6 FHD@8, &4*>" 4>L@D<"P4b B@ 16 $4H@&.
% H"$:4P,, B@8"2Z&"`V,6 2>"R,>4b H, B,D,R4F:,>Z & *,P4<":\>@6 L@D<, 2>"R,>4b
F,8J>*>ZN H"6<,D@& BD@(D"<<Z PLC (@H H00 *@ H99).
% H"$:4P,, B@8"2Z&"`V,6 2>"R,>4b M, B,D,R4F:,>Z & *,P4<":\>@6 L@D<, 2>"R,>4b
<4>JH>ZN H"6<,D@& BD@(D"<<Z PLC (@H M0 *@ M9).
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% H"$:4P,, B@8"2Z&"`V,6 2>"R,>4b T, B,D,R4F:,>Z & *,P4<":\>@6 L@D<, 2>"R,>4b
20-H4F,8J>*>ZN H"6<,D@& BD@(D"<<Z PLC (@H T00 *@ T49).
% H"$:4P,, B@8"2Z&"`V,6 2>"R,>4b Q, B,D,R4F:,>Z & *,P4<":\>@6 L@D<, 2>"R,>4b
JFHD@6FH& *:b FR.H" &B,D.* 4 >"2"* BD@(D"<<Z PLC (@H Q00 *@ Q31).
E:,*J`V4, *&, H"$:4PZ B@8"2Z&"`H 2>"R,>4b D,(4FHD@& RH (?H RH000 *@ RH199)
<,0*J PLC 4 NC. O,:,F@@$D"2>@ @*>" 42 >4N JFH">@&:,>" *:b 4>*48"P44 &&@*>ZN D,-
(4FHD@&, " *DJ("b - *:b &Z&@*>ZN.
% B@F:,*>,6 FHD@8, ̂ 8D">", >"* LJ>8P4@>":\>Z<4 8>@B8"<4 &4*>@ 2>"R,>4, &Z$D">-
>@(@ B,D,<,>>@(@ & $4>"D>@6 (BIN), (,8F"*,P4<":\>@6 (HEX) 4 *,P4<":\>@6 (DEC)
L@D<,.

A@:@FJ 4>*48"P44 <,0*J 9-H4 H"$:4P"<4 <@0>@ R,D,*@&"H\ 8:"&4T"<4  (Enter),

4  (Backspace). +F:4 B@B":4 & 0,:",<J` H"$:4PJ, B@:@FJ <@0>@ B,D,<,V"H\

&>JHD4 H"$:4PZ 8:"&4T"<4 ,  B@ &ZT, F8"2">>Z< @$D"2@<. +F:4 B@:@F"

*@T:" *@ &,DN>,(@ 4:4 >40>,(@ 8D"b H"$:4PZ, H@ H"$:4PJ $J*,H BD@8DJR4&"H\ &>JHD4
@8>". 

E B@<@V\` 8:"&4V  (PgUp) 4  (PgDn) <@0>@ BD@:4FHZ&"H\ &>JHD4 H"$:4PZ

&&,DN 4:4 &>42.
% &,DN>4N HD.N H"$:4P"N, (*, 2>"R,>4b B,D,<,>>ZN &ZF&,R4&"`HFb $4>"D>@, &>JHD4

B@:@FZ <@0>@ B,D,<,V"H\ 8JDF@D 8:"&4T"<4 , , H"8 4 @*>@(@ $4H" <@0>@

&Z*,:4H\.

AD4 >"0"H44 8:"&4T4 &Z$@D" @B,D"P46  $J*JH BD,*:@0,>Z F:,*J`V4, @B,D"-

P44:

Bit
set 1

Bit
reset 2

Data reset
3

Reset 
cursor 4 5 6 7 8 9 0

?B,D"P4b Bit set: +F:4 &Z*,:4H\ @*4> 42 ̂ :,<,>H@& H"$:4PZ OUT (Ynnn), 4:4 FLAG
(Fnnnn) F B@<@V\` B@:@FZ 4:4 8JDF@D", >"0"& 8:"&4TJ Bit set, & &Z$D">>Z6
$4H 2"B4T,HFb 1. 1"B4F\ $J*,H &4*>" >" ^8D">, H@:\8@ H@(*", ,F:4 BD@(D"<<"
PLC P48:4R>@ >, 2"B4T,H 4>*48"P4` @$D"H>@ & 0.

?B,D"P4b Bit reset: +F:4 &Z*,:4H\ @*4> 42 ^:,<,>H@& H"$:4PZ OUT (Ynnn), 4:4
FLAG (Fnnnn) F B@<@V\` B@:@FZ 4:4 8JDF@D", >"0"& 8:"&4TJ Bit reset & &Z-
$D">>Z6 $4H 2"B4T,HFb 0. 1"B4F\ $J*,H &4*>" >" ^8D">, H@:\8@ H@(*", ,F:4
BD@(D"<<" PLC P48:4R>@ >, 2"B4T,H 4>*48"P4` @$D"H>@ & 1.

?B,D"P4b Data reset: ="0"& (" (,., J*":b,HFb &Z$D">>Z, 8JDF@D@< FHD@8" Ynn, 4:4
Fnnn, Hnn, Mn, H"6<,D Tnn, FR.HR48 Qnn 4:4 &ZN@*>@6 D,(4FHD RHnnn.

?B,D"P4b Reset cursor: ="0"& 8:"&4TJ, B@:@F" B,D,<,V",HFb & &,D2>46 :,&Z6 J(@-
:@8 & @8>@ INP, 4 4>*48"P4b &@ &F,N @8>"N B,D,FH">@&4HFb >" B,D&J` FHD">4PJ.
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6.3.4 9@(4R,F846 ">":42"H@D

E B@<@V\` :@(4R,F8@(@ ">"-
:42"H@D" <@0>@ >"R,DH4H\ 42-
<,>,>4, B@ &D,<,>4 *&JNB@24-
P4@>>ZN F4(>":@& FH">@R>@(@
4>H,DL,6F", " H"80, &>JHD,>-
>4N B,D,<,>>ZN BD@(D"<<Z
PLC. KJ>8P4` :@(4R,F8@(@ "-
>":42"H@D" &<,FH, F@ F&@4<4 @-
B,D"P4b<4 <@0>@ &Z2Z&"H\
BD4 :`$@< D,04<, JBD"&:,-
>4b.
):b ">":42" F4(>":@& FH@4H >"
D"FB@Db0,>4, 16 8">":@&. A@
8"0*@<J 8">":J (Set channel)
<@0>@ 2"*"&"H\, RH@ F@FH@b>4,
8"8@(@ F4(>":", 4:4 4>*48"H@-
D" *@:0,> 2"B4F":. %ZF&,R4&",<Z6 F4(>":, 4:4 4>*48"H@D @$@2>"R4< F@@H&,HFH&J`-
V,6 BD@(D"<<, PLC $J8&@6 (I, Y, F). ;@0>, &ZF&,R4&"H\ 4 F@FH@b>4, H"6<,D@& (M,
T, H) 4FR.HR48@& (Q) F H"8@6 @(@&@D8@6, RH@ ,F:4 2>"R,>4, FR.H848" 4:4 H"6<,D" 0,
2>"8 H@0, $J*,H 0, " ,F:4 2>"R,>4, FR.H848" 4:4 H"6<,D" >0 2>"R,>4, 2>"8" 1. A,D,-
R,>\ 8">":@& &4*>" B@ :,&@<J 8D"` ^8D">", B@* >"*B4F\` CH.
;@0>@ JFH">@&4H\ H@ JF:@&4, (Set trigger condition), BD4 J*@&:,H&@D,>4b 8@H@D@(@ R,-
D,2 >,8@H@D@, &D,<b BD,8D"V",HFb F$@D *">>ZN. E@FH@b>4, JF:@&46 HD4((,D" <@0,H
$ZH\ 0, 1, 4:4 x. IF:@&4, x @2>"R",H, RH@ *">>Z6 F4(>": >, JR"&FH&J,H & JF:@&44 HD4(-
(,D". A@* JF:@&4b HD4((,D" <@0>@ F@D(">42@&"H\ F4(>": @H &F,N 16 8">":@&, 4 F 0 4
F 1. +F:4 JF:@&4b< HD4((,D" BD4F&@4< 0, HD4((,D>@, F@$ZH4, F@&,DT",HFb & F@FH@b-
>44 F4(>":" 0, 4 >"@$@D@H. +F:4 & JF:@&4bN HD4((,D" JR"&FH&J`H >,F8@:\8@ F4(>":@&,
<,0*J F4(>":"<4 4<,,HFb F&b2\ 3. IF:@&4b JFH">@&:,>>ZN HD4((,D@& &4*>Z Db*@<
F 4<,>"<4 8">":@& >" :,&@< 8D"` ^8D">", &@ &H@D@< FH@:$, F >"*B4F\` TC.
A@F:, 2"BJF8" LJ>8P44 (Start trigger) >,BD,DZ&>@ F@ND">b,HFb F@FH@b>4, F4(>":@&
& P48:4R>@< $JL,D,. E$@D *">>ZN <@0>@ @FH">@&4H\ 4 &DJR>J` (Stop trigger). +F:4
&DJR>J` >, @FH">@&4H\ F$@D *">>ZN, @> BD@*@:0",HFb *@ H,N B@D, B@8" >, J*@&:,H&@-
D4HFb JF:@&4, HD4((,D", 4 P48:4R>Z6 $JLL,D >, 2"B@:>4H\Fb F@(:"F>@ BD@B@DP44,
JFH">@&:,>>@6 HD4((,D>Z< F4,V,>4,<. A@8" >,H JF:@&46 HD4((,D", & &,DN>,6 FHD@8,
^8D">" & 4-@< B@:, FH"HJF".B@b&4HFb FH"HJF WFTG (waiting for trigger). 7@(*" F@&,DT4-
:@F\ F@$ZH4, HD4((,D", H"< 0, R4H",HFb FH"HJF TRGD (triggered). +FH,FH&,>>@, &@ &D,-
<b F$@D" *">>ZN 4 B@F:, >,(@ <@0>@ &8:`R4H\ :`$@, 42@$D"0,>4, ^8D">", 4:4 D,-
04<, 4 >" JBD"&:,>44 <@0>@ 2"BJF8"H\ :`$J` *,bH,:\>@FH\.
A@F:, J*@&:,H&@D,>4b JF:@&44 HD4((,D" F$@D *">>ZN ,V. BD@*@:0",HFb F@(:"F>@
2>"R,>4`, JFH">@&:,>>@<J LJ>8P4,6 Trigger displacement. ]H@ @2>"R",H, RH@ &F:,*
2" HD4((,D>Z< F@$ZH4,< P48:4R>Z6 $JLL,D >"B@:>b,HFb *@ H@6 <,DZ, RH@$Z 2"B4F4
*@ F@$ZH4b 2">4<":4 P48:4R>Z6 $JLL,D F@(:"F>@ 2>"R,>4`, 2"*">>@<J & BD@P,>H"N
“trigger displacement”-". 1>"R,>4, “ trigger displacement”-" & @F>@&>@< B@:@0,>44 50%,
RH@ @2>"R",H, RH@ HD4((,D>@, F@$ZH4, >"N@*4HFb & F,D,*4>, P48:4R>@(@ $JLL,D".
1>"R,>4, HD4((,D>@(@ F<,V,>4b &4*>@ B@ F,D,*4>, &,DN>,6 R"FH4 ̂ 8D">", B@F:, >"*-
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B4F4 TRIGGER DISP.MENT & BD@P,>H"N.
E$@D *">>ZN <@0>@ @FH">@&4H\ & :`$@, &D,<b N@H\ *@, N@H\ B@F:, HD4((,D>@(@ F@$Z-
H4b LJ>8P4,6 Stop trigger. 
A@* *,6FH&4,< LJ>8P44 Start drawing &ZR,DR4&"`HFb >" ^8D">, F4(>":Z H"8, RH@
HD4((,D>@, F@$ZH4, $J*,H &4*>@ B@ F,D,*4>, ̂ 8D">". C"2D,T,>4, B@ (@D42@>H":\>@6
@F4 (&D,<b) 1B48F,:/20<F,8.
GD4((,D>@, F@$ZH4, B@8"2">@
@*>@6 >4H\` (marker), D"FFHb-
>JH@6 B@ &F,6 &ZF@H, ^8D">".
7:"&4T"<4 B,D,<,V,>4b 8JD-

F@D" , 4  <@0>@ B,D,-

<,V"H\ *DJ(J`, &,DH48":\>J`,
B@*&40>J` >4H\ (marker) >"-
BD"&@, 4:4 >":,&@. % >40>,6
R"FH4 ^8D">", B@ 4>*48"H@DJ
CUR.POS & B48F,:"N, " B@ 4>-
*48"H@DJ CUR.TIM & ,*4>4P"N
<4>JH, F,8J>*, F@HZN F,8J>*"N
B@8"2Z&",HFb B@:@0,>4, B@-
*&40>@6 >4H4 & *@:\ (@D42@>-
H":\>@6 @F4, @HFR4HZ&"b @H
HD4((,D>@(@ F@$ZH4b. =" BD"&@< 8D"` ̂ 8D">", B@* >"*B4F\` CUR.MON 1-Z 4 0-Z B@-
8"2Z&"`H B@ 8"0*@<J 8">":J JD@&,>\ F4(>":@& & H@< B@:@0,>44, & 8@H@D@< B@*&40-
>"b >4H\ >"N@*4HFb.

7:"&4T"<4 B,D,<,V,>4b 8JDF@D" , 4  B,D,<,V",< >4H\ *@ 8@>P" B@ &F,6

2"B4F4. %,:4R4>" T"(" B@*&40>@6 >4H4, &ZB@:>,>>@(@ 2" @*>@ >"0"H4, 8:"&4T4 B@-
8"2">" >" >" &,DN>,6 R"FH4 ̂ 8D">" 4>*48"H@D@< CUR.STEP & B48F,:"N. %,:4R4>J T"-

(" B@:\2JbF\ 8:"&4T"<4 ,  <@0>@ J&,:4R4&"H\, " H"80, J<,>\T4H\. 

A,D,<,V.>>J` >4H\ <@0>@ B@:@04H\ & :`$@6 B@24P44 ^8D">", ,F:4 4FB@:\2@&"H\
LJ>8P4` Place marker. A@:@0,>>J` >4H\ <@0>@ 4 J*":4H\, ,F:4 B,D,*&40>@6 >4H\`
*@$,D.<Fb *@ B@:@0,>>@6 >4H4 4 &8:`R4< LJ>8P4` Remove marker. =" >40>,6 R"F-
H4 ̂ 8D">" 4>*48"H@D D.TIM B@8"2Z&",H D"FFH@b>4, B,D,*&40>@6 >4H4 @H B@F:,**>46
D"2 B@:@0,>>@6 >4H4 & ,*4>4P"N <4>JH, F,8J>*, F@HZN F,8J>*"N.

AD4 >"0"H44 8:"&4T4 &Z$@D" @B,D"P46  $J*JH BD,*:@0,>Z F:,*J`V4, @B,D"-

P44:

Pl/Rem
marker1

Set
channel 2

Set t.
cond. 3 4

Set t.
dispmt 5

St/Sp
triggr 6

St/Sp
drawng7 8 9 0

?B,D"P4b Pl/Rem marker: (Place remove marker) %8:`R"H,:\ F *&@6>@6 LJ>8P4,6. +F:4
8:"&4T" >"N@*4HFb &@ &Z8:`R,>>@< F@FH@b>44, BD4 >"0"H44 8:"&4T4 B@:@-
04H @*>J >4H\ & H@6 B@24P44, (*, B,D,*&40>"b >4H\ >"N@*4HFb. 7:"&4T" 2"-
8:4>4&",HFb. 3>*48"H@D@< D.TIM $J*,H B@8"2">@ D"FFH@b>4, B,D,*&40>@6
>4H4 @H B@F:,**>46 D"2 B@:@0,>>@6 >4H4 *@ H,N B@D, B@8" 8:"&4T" >"N@*4HFb
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&@ &8:`R,>>@< F@FH@b>44. ?H0"H\ 8:"&4TJ. +F:4 B,D,*&40>@6 >4H\` *@-
$D"H\Fb *@ @*>@6 B@:@0,>>@6 >4H4, 4 >"0<.< 8:"&4TJ, B@:@0,>>"b >4H\ J*"-
:4HFb F ^8D">".

?B,D"P4b Set channel: %8:`R"H,:\. % >"0"H@< F@FH@b>44 8:"&4T4 D,*"8H4DJ`HFb
8">":Z. =" :,&@< 8D"` ^8D">" B@* FH@:$@6 CH &4*>Z >"2&">4b 8">":@&. A@

4<,>"< 8">":@& 8JDF@D <@0>@ B,D,<,V"H\ 8:"&4T"<4 , . 

AD4 ̂ H@< >" BD"&@< >40>,< 8D"` ̂ 8D">", & B@:, D,*"8H4D@&">4b, 8@H@D@, $J-
*,H &4*>Z< & >"0"H@< F@FH@b>44 8:"&4T4 Set channel, Db*@< F >"*B4\` SET
CHnn $J*,H &4*>@ >"2&">4, &Z$D">>@(@ 8">":". Q4F:@ nn B@8"2Z&",H >@<,D 8"-
>":" @H 1 *@ 16. 
="0"H\ B@ ":L"&4H>@-P4LD@&@6 8:"&4"HJD, 4*,>H4L48"P4@>>Z6 2>"8 B,D,-
<,>>@6 PLC, 0,:",<@6 &ZF&,R4&"H\, >"BD4<,D 8"D"8H,D I, ,F:4 0,:",< ">":4-
24D@&"H\ &&@*, 2"H,< >"$D"H\ 4*,>H4L48"P4@>>Z6 >@<,D B,D,<,>>@6, B@:\2J-

bF\ P4LD@&@6 8:"&4"HJD@6. 7:"&4T"<4 ,  <@0>@ 2"8DZ&"H\ &&@*

*">>ZN 4 D,*"8H4DJ,<Z, *">>Z, B@B"*"`H & FH@:$ F@ 2>"8@< CH.
?B,D"P4b Set t. condition: (Set trigger condition). %8:`R"H,:\. % >"0"H@< (&8:`R,>>@<)

F@FH@b>44 8:"&4T4 JFH">"&:4&"`HFb JF:@&4b HD4((,D". =" :,&@< 8D"` ̂ 8D">"
&@ &H@D@< FH@:$J B@* FH@:$@6 TC &4*>Z Db*@< F >"2&">4b<4 8">":@& JF:@&4b

HD4((,D". A@ JF:@&4b< HD4((,D" <@0>@ B,D,<,V"H\ 8JDF@D 8:"&4T"<4 ,

. 

IF:@&4b HD4((,D" <@0>@ JFH">@&4H\ P4LD@&@6 8:"&4"HJD@6, 2"B4F"& 0, 1, 4:4

JF:@&4, “x” - >"0"& 8:"&4TJ .

?B,D"P4b Set t. dipmt: (Set trigger displacement) %8:`R"H,:\. % >"0"H@< F@FH@b>44 8:"-
&4T4 JFH">"&:4&",HFb F<,V,>4, HD4((,D". 1>"R,>4, F<,V,>4b HD4((,D" &4*>@
B@ F,D,*4>, &,DN>,6 R"FH4 ^8D">", Db*@< F >"*B4F\` TRIGGER DISP.MENT

& %-"N. 1>"R,>4, F<,V,>4b >"0"H4,< 8:"&4T ,  <@0>@ J&,:4R4&"H\,

4:4 J<,>\T"H\ T"("<4 B@ 5%, @H 5% *@ 95%-@&.
?B,D"P4b St/Sp triggr: (Start/Stop trigger) %8:`R"H,:\. A@F:, JFH">@&84 8">":@&, HD4(-

(,D>ZN JF:@&46 4 F<,V,>4b HD4((,D", >"0"H4,< ^H@6 8:"&4T4 <@0>@ 2"BJF-
8"H\ F$@D *">>ZN. % 2"8:4>,>>@< (&8:`R.>>@<) F@FH@b>44 8:"&4T4 4*.H F$@D
*">>ZN. ):b @FH">@&84 F$@D" @BbH\ >"0"H\ 8:"&4TJ, H,< F"<Z< &Z8:`R4<
LJ>8P4`, 8:"&4T" “&ZF8@R4H”.

?B,D"P4b St/Sp drawng: (Start/Stop drawing) %8:`R"H,:\. AD4 >"0"H44 8:"&4T4 >"R-
>.HFb &ZR,DR4&">4b >" ̂ 8D">, F@$D">>ZN *">>ZN H"8, RH@$Z HD4((,D>@, F@$Z-
H4, B@b&4:@F\ B@ F,D,*4>, ^8D">". ?FH".HFb &8:`R.>>Z< *@ H,N B@D, B@8"
*:4HFb R,DR,>4, >" ^8D">,.
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6.3.5 G,FH 42<,D4H,:\>@6 F4FH,<Z

E B@<@V\` 42@$D"0,>4b ̂ 8D"-
>" 42<,D4H,:\>@6 F4FH,<Z
&@2<@0>@ &ZF&,R4&"H\ 2>"R,-
>4b F"<ZN &"0>ZN B,D,<,>-
>ZN D,(J:4DJ`V,6 P,B4 B@24-
P44. A@<4<@ ^H@(@, &@2<@0>@
&ZF&,R4&"H\ F@FH@b>4, R,HZ-
D.N &&@*@& VJB", *":,, <@0>@
B@*FR4H"H\ R4F:@ &&@*>ZN 4<-
BJ:\F@& <,0*J *&J<b >J:,&ZN
4<BJ:\F@& *"HR48" TB4>*,:b.
KJ>8P4` 42<,D4H,:\>@6 F4F-
H,<Z &<,FH, F@ F&@4<4 @B,D"-
P4b<4 <@0>@ &Z2Z&"H\ & :`-
$@, &D,<b BD4 :`$@< D,04<,
JBD"&:,>4b.
=" ^8D">, &4*>Z *&, H"$:4PZ. EHD@84 H"$:4PZ B@8"2Z&"`H >" D"2:4R>Z, @F4 (@H 1
*@ 8), " H"80, >" TB4>*,:4 (S1, S2). EH@:$Z H"$:4PZ B@8"2Z&"`H D"2:4R>Z, B,D,-
<,>>Z, D,(J:4DJ`V,6 P,B4 B@24P44. A,D,<,>>"b COMMAND BD,*FH"&:b,H F@$@6
8@:4R,FH&@, BD@B@DP4@>":\>@, R4F:J, B@FHJB"`V,, >" BD,@$D"2@&"H,:\ D–A, 42 8@H@-
D@(@ @$D"2J,HFb @F>@&>@6 F4(>":, 4*JV46 & FH@D@>J BD4&@*". A,D,<,>>"b TACHO
BD@B@DP4@>":\>"b R4F:J 4<BJ:\F@&, B@FHJB4&V4N 2" ,*4>4PJ &D,<,>4 F *"HR48".
Q4F:@, &4*>@, B@ B,D,<,>>@6 FOL.ERR, B@8"2Z&",H &,:4R4>J B@(D,T>@FH4 BD@F:,-
04&">4b & BD4D"V,>44 &Z&@*". EN,<J *,6FH&4b D,(J:4DJ`V,6 P,B4 B@24P44 4 BD4-
&,*,>>Z, &ZT, B,D,<,>>Z, F<. &@ (:"&, 7.2 >" FHD">4P, 107.
% >40>,6 R"FH4 ̂ 8D">" J8"2">Z 4 F@FH@b>4, &8:`R"H,:b B@*"R4 4 BD@P,>H>@ &8:`R"-
H,:b $ZFHD@(@ N@*".

AD4 >"0"H44 8:"&4T4 &Z$@D" @B,D"P46  $J*JH BD,*:@0,>Z F:,*J`V4, @B,D"-

P44:

Tp.trg
test 1

Grid
test 2

Cl. err
countr 3 4 5 6 7 8 9 0

?B,D"P4b Tp. trg test: &@ &8:`R,>>@< F@FH@b>44 &8:"&4T4 <@0>@ &ZF&,R4&"H\ F@FH@-
b>4, F4(>":@& VJB" PROBE1, –PROBE1; PROBE2, –PROBE2; PROBE3, –PROBE3;
PROBE4, –PROBE4; B@FHJB"`V4N R,D,2 D"2X.< C1 8"DHZ CPU & BD"&@< >40>,<
J(:J ^8D">", B@* >"*B4F\` TTG1, TTG2, TTG3 4 TTG4.

?B,D"P4b Grid test: &@ &8:`R,>>@< F@FH@b>44 &8:"&4T4 JBD"&:,>4, P48:4R>@ 2"BD@-
F4H R4F:@ 4<BJ:\F@& *"HR48", B@FHJB4&V4N @H *"HR48" TB4>*,:b <,0*J *&J<b
>J:,&Z<4 4<BJ:\F"<4. % BD"&@< >40>,< J(:J ^8D">" B@b&bHFb F:,*J`V4,
>"*B4F4: 
G.DIS: 4<,`V,,Fb B@* >4< R4F:@ B@8"2Z&",H, RH@ F8@:\8@ 4<BJ:\F@& *"HR48"
$Z:@ B@*FR4H">@ <,0*J *&J<b >J:,&Z<4 4<BJ:\F"<4 TB4>*,:b (,F:4 &D"V"-
,HFb TB4>*,:\). AD4 B@*FR.H, J<>@04H >" R,HZD, R4F:@ 4<BJ:\F@&, 2>"R4H, ,F-
:4 D"2D,T,>4, *"HR48" TB4>*,:b 1024, H@(*" *@:0,> B@*FR4H"H\ 4096 4<BJ:\-
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F@&.
ER.CT: FR.HR48 @T4$@8. ER4H",H H, F:JR"4, 8@(*" @$>"DJ04&",H D"2>4PJ <,0-
*J R4F:@< B@FHJB4&V4N 4<BJ:\F@& 4 R,HZD.N8D"H>Z< 2>"R,>4,<, 2"B4F">>Z<
>" B"D"<,HD 5023 ENCODERS1.

?B,D"P4b Cl. err. countr: &@ &8:`R,>>@< F@FH@b>44 &8:"&4T4 Grid test J*":b,H FR.H-
R48 ER.CT.

 L %>4<">4,! KJ>8P4b Grid test <,T",H F4(>":"<, I655 (8@:,$">4, R4F,: @$@D@H@&),
I656 (n=nS) BD,@$D"2@&">>Z< 42 *"HR48" TB4>*,:b, 4:4 I657 (n=0) B@^H@<J ̂ HJ
LJ>8P4` B@F:, ,. B@:\2@&">4b F:,*J,H &Z8:`R4H\!

6.3.6 ?FP4::@F8@B

E B@<@V\` 42@$D"0,>4b ̂ 8D"-
>" @FP4::@F8@B" &@2<@0>@ &Z-
F&,R4&"H\ 42<,>,>4, B@ &D,<,-
>4 F"<ZN &"0>ZN B,D,<,>>ZN
D,(J:4DJ`V,6 P,B4 B@24P44.
A@<4<@ ^H@(@, &@2<@0>@ &Z-
F&,R4&"H\ 42<,>,>4, 2>"R,>46
*&JN B,D,<,>>ZN & F4FH,<, 8@-
@D*4>"H X – Y. KJ>8P4` F8@B"
&<,FH, F@ F&@4<4 @B,D"P4b<4
<@0>@ &Z2Z&"H\ & :`$@, &D,-
<b BD4 :`$@< D,04<, JBD"&-
:,>4b.
% &,DN>,< :,&@< J(:J ^8D">",
B@* >"*B4F\` TIME &4*>" <,-
D" @H8:@>,>4b &D,<,>4 & D"2-
<,D>@FH4 &D,<b /*,:,>4,. (?$@2>"R,>4, *,:,>4b, 4:4 div BD,*FH"&:b,H F@$@6 D"FFH@b-
>4, <,0*J &,DH48":\>Z<4 :4>4b<4, &4*>Z<4 >" F8@B,.) A@* >4<4 4<,,HFb 2>"R,>4,
8":4$D@&84 @H8:@>,>4b &D,<,>4 & %-"N. 
=" BD"&@6 FH@D@>, ̂ 8D">", Db*@< F >"*B4F\` MODE &4*,> @$D"2 D"$@HZ F8@B", Db*@<
F >"*B4F\` TRIGGER, - HD4((,D>Z6 4FH@R>48, " Db*@< F >"*B4F\` TRG.DISPLM -
2>"R,>4, F<,V,>4b HD4((,D>@(@ F<,V,>4b & %-"N.
% >40>,6 R"FH4 >" BD"&@6 4 :,&@6 FH@D@>, B@* >"*B4Fb<4 CH1 or X 4 CH2 or Y &4*>@
" >"2&">4, &ZF&,R,>>ZN F4(>":@&, <,D" "<B:4HJ*Z & D"2<,D>@FH4 BD4D"V,-
>4,/*,:,>4,. (?$@2>"R,>4, *,:,>4b, 4:4 div BD,*FH"&:b,H F@$@6 D"FFH@b>4, <,0*J
(@D42@>H":\>Z<4 :4>4b<4, &4*>Z<4 >" F8@B,.) A@* >4<4 &4*>Z 2>"R,>4, 8":4$D@&-
84 "<B:4HJ*Z & %-"N, " H"80, F@FH@b>4, &8:`R"H,:,6 ZERO 4 INVERT (ON/OFF).

AD4 >"0"H44 8:"&4T4 &Z$@D" @B,D"P46  $J*JH BD,*:@0,>Z F:,*J`V4, @B,D"-

P44:

Time
1

Chnnls
2

Mode
3

Triggr
4

Record
5 6 7 8 9 0
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'DJBB" @B,D"P46 Time: ="0"& 8:"&4TJ, <@0>@ &Z$4D"H\ 42 F:,*J`V4N @B,D"P46:
Time/div, Calibr, Positn. 
%@ &8:`R.>>@< F@FH@b>44 8:"&4T4 Time/div <@0>@ JFH">&:4&"H\ <,DJ @H8:@-
>,>4b &D,<,>4 & BD,*,:"N 50<F,8/div 4 10F,8/div. IFH">@&8" &ZB@:>b,HFb F B@-

<@T\` 8:"&4T , 4 .

%@ &8:`R.>>@< F@FH@b>44 8:"&4T4 Calibr *,:,>4, @H8:@>,>4b &D,<,>4
Time/div <@0>@ JH@R>bH\ & *4"B"2@>, @H 50% *@ 150%. E B@<@T\` 8:"&4T

, 4  2>"R,>4, 8":4$D@&84 42<,>b,HFb B@ 1%->Z< T"("<, " >"0"& 8:"-

&4T4  (PgUp), 4  (PgDn) - B@ 10%->Z< T"("<.

%@ &8:`R.>>@< F@FH@b>44 8:"&4T4 Positn F4(>": B,D,<,V",HFb & *@:\ (@D4-

2@>H":\>@6 @F4. E B@<@T\` 8:"&4T ,  F@&,DT",HFb F<,V,>4, B@ 1

*,:,>4` (div) >" BD"&@, 4:4 >" :,&@, " >"0"& 8:"&4T4  (PgUp), 4 

(PgDn) B@ 10%->@<J *,:,>4`.
'DJBB" @B,D"P46 Chnnls: ="0"& 8:"&4TJ, <@0>@ &Z$4D"H\ 42 F:,*J`V4N @B,D"P46:

Input, Incr/div, Calibr, Positn, Zero (GND), Invert. ?B,D"P44 BD4(@*>Z *:b @$@4N
8">":@&. AD,0*, R,< 2"BJF8"H\ 8"8J`-H@ @B,D"P4`, >"*@ &Z$D"H\ F@@H&,HFH&J-
`V46 8">":. %Z$D">>Z6 8">": $J*,H B@8"2"> H,<, RH@ >"*B4F\ CH1 or X, 4:4
CH2 or Y $J*,H &4*>" & 4>&,DF,. %Z$@D 8">":" @FJV,FH&:b,HFb 8:"&4T"<4

 (Backspace), 4  (Enter). A@F:, &Z$@D" @B,D"P46 <@0>@ &Z$D"H\ 4

8">":, H"84< @$D"2@< F<@0,< &ZB@:>4H\ &Z$D">>Z, @B,D"P44 @*>J 2" *DJ(@6
B@ @$@4< 8">":"<.
%@ &8:`R.>>@< F@FH@b>44 8:"&4T4 Input <@0>@ &Z$D"H\, RH@ 8"8@6 42 F4(>"-

:@& B@*8:`R4H\ 8 &&@*J. E4(>":Z <@0>@ &Z$D"H\ F B@<@V\` 8:"&4T ,

. ="0"& 8:"&4T, <@0>@ &Z$4D"H\ 42 F4(>":@& NONE1, FOL.ERR1, COM-

MAND1, TACHO1 COM.POS1, ACT.POS1, S1, S2, VELOCITY, COM.VEL1,
SPEED1, CURRENT1. NONE @2>"R",H, RH@ 8 *">>@<J 8">":J >, B@*8:`R,>@ >4-
R,(@. ):b 4FFH@:8@&">4b @FH":\>ZN F<@HD4 FN,<J *,6FH&4b D,(J:4DJ`V,6 P,-
B4 B@24P44, " J8"2">>Z, &ZT, B,D,<,>>Z, &@ (:"&, 7.2 >" FHD">4P, 107 *":,,
R4F:@ @$@D@H@& TB4>*,:b 1. 4 2. b&:b,HFb "8HJ":\>Z<, 42<,D,>>Z< *"HR48@<
S1, S2, B,D,<,>>@, VELOCITY b&:b,HFb D,2J:\H4DJ`V4< F8@D@FH,6 @F,6, D"F-
R4H">>ZN 4>H,DB@:bH@D@<, " B,D,<,>>@, COM.VEL n b&:b,HFb F@FH"&:b`V4<
F8@D@FH,6 >" @F4, &Z*">>Z< 4>H,DB@:bH@D@<.. E4(>":Z SPEED n 4 CURRENT
n b&:b`HFb F4(>":"<4 F8@D@FH4 4 H@8", 42<,D,>>Z<4 P4LD@&Z< BD4&@*@<.
):b 4*,>H4L48"P44 F4(>":" F:J04H &@&H@DZN 4 ,(@ >@<,D, H@ ,FH\, RH@ *">>ZN

F4(>": F 8"8@6 @F4 0,:",< B@:JR4H\. E B@<@V\` 8:"&4T , 4  <@0>@

8DJH4H\ >@<,D" @H 1 *@ 10. 3>*,8F 9, 10 @H>@F4HFb 8 TB4>*,:` 1.4:4 2.
%@ &8:`R.>>@< F@FH@b>44 8:"&4T4 Incr/div <@0>@ JFH">@&4H\ <,DJ &,DH4-
8":\>@(@ @H8:@>,>4b & *4"B"2@>, <,0*J 10incr/div 4 20kincr/div, (*, 2>"8 k (kilo)
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@2>"R",H <>@04H,:\ 1000. C"2<,D>@FH\ incr (icrement - BD4D"V,>4b) B@>4<",HFb
&F,(*" & BD4D"V,>44 &Z&@*". 3N JFH">@&8" &ZB@:>b,HFb F B@<@V\` 8:"&4T

, .

%@ &8:`R.>>@< F@FH@b>44 8:"&4T4 Calibr &@2<@0>@ *":\>,6T,, JH@R>,>4,
2>"R,>46 (Incr/div), JFH">@&:,>>ZN B@ &,DH48":\>@<J @H8:@>,>4` & *4"B"2@>,

@H 50% *@ 150%. E B@<@V\` 8:"&4T , 4  2>"R,>4, 8":4$D@&84 <,>b-

,HFb T"("<4 B@ 1%-J, " >"0"& 8:"&4T4  (PgUp), 4  (PgDn) - B@ 10%-"<.

%@ &8:`R.>>@< F@FH@b>44 8:"&4T4 Positn <@0>@ &,DH48":\>@ B,D,<,V"H\ B@-
:@0,>4b >J:,&@(@ JD@&>b F4(>":". % @F>@&>@< B@:@0,>44 >J:,&@6 JD@&,>\

F4(>":" D"FB@:@0,> B@ F,D,*4>,. E B@<@V\` 8:"&4T , 4  >J:,&@6

JD@&,>\ <,>b,HFb T"("<4 B@ 1/5div, " >"0"& 8:"&4T4  (PgUp), 4 

(PgDn) B@ T"("< 1div.
 % >"0"H@< F@FH@b>44 &8:`R"H,:b Zero (GND), RH@ @H<,R",HFb >" ̂ 8D">, >"*B4-

F\` ZERO: ON, J F@@H&,HFH&J`V,(@ 8">":" >"D4FJ,HFb 2>"8 JD@&>b 0.
% >"0"H@< F@FH@b>44 &8:`R"H,:b Invert, RH@ @H<,R",HFb >" ^8D">, >"*B4F\`
INVERT: ON, J F@@H&,HFH&J`V,(@ 8">":" >"D4FJ,HFb 4>&,DF 2>"8" (J<>@0,>@
>" –1).

'DJBB" @B,D"P46 Mode ="0"& 8:"&4TJ, <@0>@ &Z$4D"H\ 42 F:,*J`V4N @B,D"P46:
CH1, CH2, ADD, X–Y.
% >"0"H@< F@FH@b>44 8:"&4T4 CH1 4 CH2 >"D4FJ,HFb 2>"8 B,D&@(@, &H@D@(@
8">":", 4:4, ,F:4 @$" >"0"HZ, - 2>"8 @$@4N 8">":@&. AD4 ^H@< & BD"&@< &,DN-
>,< J(:J ^8D">" Db*@< F >"*B4F\` MODE: &4*>Z >"*B4FZ CH1, CH2, 4:4
DUAL.
% >"0"H@< F@FH@b>44 &8:`R"H,:b ADD FJ<<4DJ`HFb F4(>":Z 8">":@& CH1 4
CH2 4 ̂ H@H F4(>": &ZR,DR4&",HFb. Cb*@< F >"*B4F\` MODE: &4*>" 4>*48"P4b
ADD.
%@ 8:`R,>>@< F@FH@b>44 &8:`R"H,:b X–Y &ZR,DR4&",HFb F4(>": 8">":" CH1
B@ (@D42@>H":\>@6 @F4 (X), " F4(>": 8">":" CH2 - B@ &,DH48":\>@6 @F4 (Y). Cb-
*@< F >"*B4F\` MODE: &4*>" 4>*48"P4b X–Y.

'DJBB" @B,D"P46 Triggr: ="0"& 8:"&4TJ, <@0>@ &Z$4D"H\ 42 F:,*J`V4N @B,D"P46:
MANUAL.
="0"& 8:"&4TJ MANUAL, & BD"&@< &,DN>,< J(:J 4>*48"H@D" Db*@< F >"*B4-
F\` TRIGGER: $J*,H &4*>" 4>*48"P4b MANUAL. ]H@ @2>"R",H, RH@ >"0"& 8:"-
&4TJ @B,D"P46 Record,>, @04*",H HD4((,D>@(@ F4(>":", " FD"2J >"R4>",HFb
F$@D F4(>":@&.

?B,D"P4b Record: A@F:, JFH">@&84 0,:",<Z, 8 2"B4F4 2>"R,>46, >"0"& 8:"&4TJ
Record >"R4>",HFb F$@D *">>"N. %@ &D,<b 2"B4F4 >" :,&@< 8D"` ̂ 8D">" B@ F,D,-
*4>, &4*>" >"*B4F\ RECORD. ?FH">@&8" F$@D" *">>ZN @FJV,FH&:b,HFb B@&H@D-
>Z< >"0"H4,< 8:"&4T4 Record. 

A@F:, F@FH"&:,>4b 2"B4F4 4 &Z8:`R,>44 ,. 8:"&4T,6 Record, <@0>@ BD@F<@HD,H\
L@D<J F4(>":@& & *@:\ @F4 &D,<,>4. )@:4FHZ&",< *@ (DJBBZ @B,D"P46 Time, 4 &Z$4-
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D.< @B,D"P4` Positn. E@(:"F>@ @B4F">4` BD4 @B,D"P46, F B@<@V\` 8:"&4T B,D,<,-
V,>4b 8JDF@D" 4 BD@:4FHZ&">4b <@0>@ BD@F<@HD,H\ 2"B4F\. A@ (@H@&@6 2"B4F4 <@0-
>@ &ZB@:>4H\ :`$4, @B,D"P44. 1>"R4H, 4 (@D42@>H":\>Z, 4 &,DH48":\>Z, F<,V,>4b,
8":4$D@&84, 4>&,DH4D@&">4b 4 H.*. I (@H@&@6 2"B4F4 <@0>@ 42<,>4H\ 4 JFH">@&84
MODE, <@0>@ &ZR,DR4&"H\ 4 FJ<<"D>Z, F4(>":Z, :4$@ B@ B:@F8@FH4 X–Y.

+F:4 2"B4F\ & *":\>,6T,< >, >J0>", @>" B@* *,6FH&4,< 8:"&4T4  (del) J*":b,H-

Fb.

6.3.7 %,DF4b

]8D"> %+CE3a *".H F@@$V,>4, @ &,DF44 HW/SW JBD"&:,>4b. ]8D"> <@0>@ BD@F<@H-
D,H\ & :`$@, &D,<b, BD4 :`$@< D,04<, JBD"&:,>4b.
% >@<,D, 2" >"*B4F\` %ECE3a,HD4 P4LDZ B@F:, *,FbH4R>@(@ 2>"8" .nnn @$@2>"R",H
&,DF4` BD@(D"<<>@(@ @$,FB,R,>4b. 1" ̂ H4< F:,*J,H & F8@$8"N @$@2>"R,>4, (Lmmm),
4:4 (Mmmm), (@&@DbV,, @ H@<, RH@ 8"8@, BD@(D"<<>@, @$,FB,R,>4, 4<,,HFb &
JBD"&:,>44: H@8"D>@(@ FH">8" (L) 4:4 LD,2,D>@(@ FH">8" (M). GD4 P4LDZ B@F:,
$J8&Z L 4:4 M mmm @$@2>"R",H &,DF4` F4FH,<>@(@ @$,FB,R,>4b (>"BD4<,D: 101, 102,
104).
L %>4<">4,! %,DF4` F4FH,<>@(@ @$,FB,R,>4, >, BJH"H\ H4B@< JBD"&:,>4b.

="BD4<,D, *:b H4B" NCT101 &@2<@0>@ 4 *&" F4FH,<>@(@ @$,FB,R,>4b: 101 4
102. 7 @$@4< F4FH,<>Z< @$,FB,R,>4b< BD4>"*:,04H F&@. BD@(D"<<>@,
@$,FB,R,>4,, 4N FBJH">4, :4T",H D"$@H@FB@F@$>@FH4 JBD"&:,>4b!

A@F:, ̂ H@(@ & F:,*J`V,6 FHD@8, B,D,R4F:,>Z D"2:4R>Z, F,(<,>HZ SW (3>H,DB@:b-
H@D, A@*(@H@&4H,:\, )4"(>@FH48", E4FH,<", 3>*48"P4b, ]*4H@DZ). 32 F,(<,>H@& <@0-

>@ &Z$4D"H\ 8:"&4T,6 , . =" @FH":\>@6 R"FH4 ^8D">" &4*>Z B@F:,*>bb

BD"&8" 4 &D,<b BD"&84 &Z$D">>@(@ F,(<,>H". EHD@84 <@0>@ BD@8DJR4&"H\ 8:"&4T"-

<4 , .

+F:4 >" ^8D">, &Z$D"> E4FH,<", <@0>@ B@F<@HD,H\ &@2<@0>J` B@*&,DF4`
BD@(D"<<>@(@ @$,FB,R,>4b,BD,*FH"&:b`V"b F@$@6 @*>J $J8&J 42 :"H4>F8@(@
":L"&4H" & F8@$8"N, >"BD4<,D: .061(e), *":,, *"HJ &ZBJF8" BD@(D"<<>@(@
@$,FB,R,>4b.
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6.3.8 I*":,>4, B"<bH4 BD@(D"<<Z BD@42&@*FH&" *,H":,6 L@D<"H4D@&">4,<

3<,,HFb &@2<@0>@FH\ *:b J*":,>4b &F,N BD@(D"<< BD@42&@*FH&" *,H":,6 42 8"H":@(",
RH@ 2"@*>@ @2>"R",H 4 LD<"H4D@&">4, ^H@6 B"<bH4. AD4 ^H@< BD@(D"<<Z
BD@42&@*FH&" *,H":,6 J*":b`HFb @8@>R"H,:\>@, H@ ,FH\ @B,D"P4b %@FFH">@&4H\ >"
^8D">, 7!G!9?' >, $J*,H 4<,H\ *,6FH&4b.
M@* BD@P,FF" F:,*J`V46: 

&Z$D"H\ ^8D"> E?EG?a=3+ - E??#U+=3+,

>"0"& 8:"&4TJ , B,D,N@*4H\ & D,04< D,*"8H4D@&">4b

>"0"H\ >" "&"D46>Z6 FH@B,
2"H,< >"$D"H\ F B@<@V\` 8:"&4"HJDZ H,8FH

D E L.
+F:4 J*@&:,H&@D,>Z &F, &ZT,B,D,R4F:,>>Z, JF:@&4b, ^8D"> JBD"&:,>4bB@H,<>,,H
4 JBD"&:,>4, B,D,(DJ0",HFb. A@F:, B@FHD@,>4b R"FH4 B"<bH4, F@*,D0"V"b
BD@(D"<<Z BD@42&@*FH&" *,H":,6, $J*,H BJFH@6.

6.3.9 E<,>" F4FH,<>@(@ BD@(D"<<>@(@ @$,FB,R,>4b

=,@$N@*4<Z, FD,*FH&"
):b F<,>Z F4FH,<>@(@ BD@(D"<<>@(@ @$,FB,R,>4b JBD"&:,>4b HD,$J`HFb F:,*J`V4,
FD,*FH&":
 – IBM PC-F@&<,FH4<Z6 8@<B\`H,D,
 – A@F:,*@&"H,:\>Z6 B@DH & 8@<B\`H,D,. +F:4 @> >, B@FHD@,>, >J0,> @*4> 8@>&,DH,D

USB - Serial port,
 – 7"$,:\ RS-232 nullmodem. (=J0>@ B@*8:`R4H\ H@:\8@ F4(>":Z RxD, TxD),
 – AD@(D"<<", D"$@H"`V"b B@* DOS st.exe, 4:4 D"$@H"`V"b B@* WINDOWS nctrs,
 – #4>"D>Z6 L"6:, F@*,D0"V46 F4FH,<>@, BD@(D"<<>@, @$,FB,R,>4,: L*.b *:b

H@8"D>@(@ FH">8", M*.b *:b LD,2,D>@(@ FH">8",
 – E@@H&,HFH&J`V46H,8FH@&Z6 L"6:, @H>@FbV46Fb 8 F4FH,<>@<J BD@(D"<<>@<J @$,-

FB,R,>4`: *.txt, 
 – L"6: L@>*, @H>@FbV46Fb 8 R,H&.DH@<J b2Z8J: fnt_*.fnt.

),:" *@ F<,>Z BD@(D"<<>@(@ @$,FB,R,>4b
AD@&,D8" &,DF44 BD@(D"<<>@(@ @$,FB,R,>4b: AD@&,D4H\ &,DF4` F4FH,<>@(@ @$,FB,-

R,>4b 4 BD@(D"<<>@(@ @$,FB,R,>4b JBD"&:,>4b, F@(:"F>@ @B4F">4` &@ (:"&,
6.3.7 %,DF4b >" FHD">4P, 96. E:,*4H\ 2" H,<, RH@$Z & JBD&:,>4, $Z:@ 2"(DJ0,>@
&F,(*" F@@H&,HFH&J`V"b &,DF4b $4>"D>@(@ L"6:" L*.b, 4:4 M*.4 L"6:" *.txt

E@ND">,>4, *">>ZN: AD,0*, R,< BD4FHJB4H\ 8 F<,>, BD@(D"<<>@(@ @$,FB,R,>4b,
@R,>\ &"0>@, RH@$Z &F, P,>>Z, *">>Z, $Z:4 F@ND">,>Z & >"T PC, 4:4 &
<@*J:\ FEW, 4>H,(D4D@&">>Z6 @BP4@>":\>@ & JBD"&:,>4,. G"84<4 *">>Z<4
b&:b`HFb F:,*J`V4,:
– E<,V,>4b >J:,&ZN H@R,8,
– K@D,8P44,
– G"$:4P" >@<,D" 4>FHDJ<,>H@&,
– G"$:4P" PLC,
– AD@(D"<<Z BD@42&@*FH&" *,H":,6.

E@ND">,>4, B"D"<,HD@&: E@ND">4H\ & >"T PC B"D"<,HDZ JBD"&:,>4b. E@ND">4& B"D"-
<,HDZ, F@ND">b`HFb 4 <"8D@B,D,<,>>Z, #500... . +F:4 B"D"<,HDZ & >@&@< &,D-
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F44 BD@(D"<<>@(@ @$,FB,R,>4b b&:b`HFb >@&Z<4 B@ FD"&>,>4` BD,*Z*JV4N,
JBD"&:,>4, @FH">@&4HFb F@@$V,>4,< @$ @T4$8, PARAMS - BAD!

E<,>" F4FH,<>@(@ BD@(D"<<>@(@ @$,FB,R,>4b
I*":,>4, F4FH,<>@(@ BD@(D"<<>@(@ @$,FB,R,>4b: I*":4H\ F4FH,<>@, BD@(D"<<>@,

@$,FB,R,>4, <@0>@ *&@b8@. A,D&"b &@2<@0>@FH\, RH@ B@F:, &8:`R,>4b
2"N@*4< & D,04< SERVICE UTILITIES, 4 &Z$4D",< LJ>8P4` SYS KILL. +(@
@B4F">4, 42:@0,>@ &@ (:"&, 6.2 KJ>8P44 SERVICE UTILITIES >a FHD">4P, 81.
+F:4 JBD"&:,>4, J0, &8:`R,>@, N@* BD@P,FF" F:,*J`V46:

– &Z$D"H\ ^8D"> E?EG?a=3+ - E??#U+=3+,

– >"0"& 8:"&4TJ , 2"N@*4< & D,04< D,*"8H4D@&">4b

– >"0"H\ "&"D46>Z6 FH@B, 2"H,< >"$D"H\ F B@<@V\` 8:"&4"HJDZ H,8FH
– S Y S.
A@F:, J*":,>4b F4FH,<Z ^8D"> B@H,<>,,H, JBD"&:,>4, B,D,(DJ24HFb, 2"H,<
R,D,2 &D,<,>4 >" H.<>@< ^8D">, B@b&4HFb >"*B4F\ SYSTEM LOAD (RS). A@*
>"*B4F\` &4*>" @*>"$,:"b B@:@F" (progress bar).

7"$,:\ RS: A,D,* F:,*J`V4<4 @B,D"P4b<4 >, 2"$J*\H, F@,*4>4H\ B@F:,*@&"H,:\>Z6
B@DH >"T,(@ PC F B@F:,*@&"H,:\>Z6 D"2X.<@< JBD"&:,>4b! A@F8@:\8J 2"(DJ28"
4*.H F 115200 baud, F:,*4H, 2" H,<, RH@$Z >, 4FB@:\2@&"H\ F:ZT8@< *:4>>Z6
8"$,:\.

AJF8 2"(DJ284 BD@(D"<<@6 st.exe DOS: AD@(D"<<" st.exe, " H"80, F@@H&,HFH&J`V46
F4FH,<>Z6 L"6: (M*.b, 4:4  L*.b), H,8FH@&Z6 L"6: text.txt 4 L"6: L@>* fnt_*.fnt
*@:>Z $ZH\ & @*>@< 4 H@< 0, 8"H":@(,! 
1"(DJ28" 2"BJF8",HFb B@F:,*@&"H,:\>@FH\` 8@<">* DOS
st  M*  text  fnt_*.
?R,>\ &"0>@, RH@ & B@F:,*@&"H,:\>@FH4 8@<">* >,:\2b 4FB@:\2@&"H\
D"FT4D,>4, (.exe, .b, .fnt)! ="0"& Enter, >"R4>",HFb 2"(DJ28".

AJF8 2"(DJ284 BD@(D"<<@6 nctrs WINDOWS: A@F:, BJF8" BD@(D"<<Z nctrs &Z*,:4H\
8>@B8J E4FH,<", D"FB@:@0,>>J` & BD"&@< >40>,< J(:J @8>". 
ED,*4 AD@L4:Z "&H@<"H4R,F84 B@b&4HFb SYSTEM profil. % ^H@< BD@L4:,
>J0>@ JFH">@&4H\ H@:\8@ >@<,D B@DH" COM,  0,:",<Z6 4FB@:\2@&"H\. 
="0"& 8:"&4T4 E4FH,<>Z6 L"6:, G,8FH@&Z6 L"6:, K"6: L@>*, <@0>@
&Z$D"H\ F@@H&,HFH&J`V4, L"6:Z M*.b, 4:4 L*.b, text.txt 4 fnt_*.fnt.
="0"& 8:"&4TJ ?HBD"&4H\, 2"H,< B@F:, B@*H&,D0*,>4b D"FB"N>J&V,(@Fb F@@$-
V,>4b  >"R>.HFb 2"(DJ28".

L %>4<">4,! G,8FH@&Z6 L"6: *.txt *@:0,> & @$b2"H,:\>@< B@Db*8, B@B"FH\ >" H"8@6
BJH\ &Z$@D84, RH@$Z 4<b B"B@8 B@ BJH4 &Z$@D84 >, F@*,D0":4 space
(>"BD4<,D: 4< >,:\2b $ZH\ & BJH4 C:\Program Files\..., 4:4 c:\Documents and
Settings\...).

M@* 2"(DJ284: M@* 2"(DJ284 B@8"2"> B@:@F@6  (progress bar)  & &,DN>,6 R"FH4 ^8D">".
+F:4 2"(DJ28" BD4@FH">@&4HFb B@ 8"8@6->4$J*\ BD4R4>,, B@F:, &Z8:`R,>4, J-
BD"&:,>4, F>@&" B@FHD@4HFb & F@FH@b>44 SYSTEM LOAD, 4 <@0>@ F>@&"
BJFH4H\ 2"(DJ28J.
+F:4 2"(DJ28" $Z:" JFB,T>", & F:,*J`V,6 FHD@8, ^8D">" B@b&4HFb >"*B4F\
SYSTEM BURN, " B@* >,6 F:,*J`V"b B@:@F" (progress bar), B@8"2Z&"`V"b BD@-
04(">4, F4FH,<>@(@ BD@(D"<<>@(@ @$,FB,R,>4b & B@FH@b>>J` B"<bH\.
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A@F:, BD@04(">4b F4FH,<" F>@&" 2"BJF8",HFb.

),:" B@F:, F<,>Z BD@(D"<<>@(@ @$,FB,R,>4b
% F:JR", F@@$V,>4b @$ @T4$8, PARAMS - BAD: +F:4 B@F:, 2"(DJ284 F4FH,<Z

B@:JR4< ^H@ F@@$V,>4,, <@0,< $ZH\ J&,D,>Z & H@<, RH@ & >@&@6 &,DF44
BD@(D"<<>@(@ @$,FB,R,>4b B@b&4:4F\ >@&Z, B"D"<,HDZ. AD4 ̂ H@< @$b2"H,:\>@
>"*@ &@6H4 & D,04< SERVICE UTILITIES 4LJ>8P4,6 BOOT PARAMS 2"(DJ24H\
$"2@&Z6 >"$@D B"D"<,HD@& *:b 4>4P4":42"P44 >@&ZN B"D"<,HD@&. E<@HD4
(:"&J 6.2 KJ>8P44 SERVICE UTILITIES >a FHD">4P, 81. A@F:, B@FHD@,>4b
F4FH,<Z >,@$N@*4<@ 2"(DJ24H\ @$D"H>@ F@ND">.>>Z, D">\T, B"D"<,HDZ.
E<@HD4 (:"&J 6.3.1 A"D"<,HDZ >" FHD">4P, 84.

% F:JR", BD@R,(@ F@@$V,>4b @$ @T4$8,: +F:4 B@F:, &8:`R,>4b JBD"&:,>4b B@:JR4<
F@@$V,>4, @$ @T4$8, 8"8@6-H@ R"FH4 B"<bH4,  >,@$N@*4<Z, *">>Z, F:,*J,H
2"(DJ24H\ @$D"H>@.
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6.4 KJ>8P44 2"V4HZ

% JBD"&:,>4, &FHD@,>@ *&" &4*" LJ>8P44 2"V4HZ:
 – 2"V4H" *">>ZN, 8@H@D"b F:J04H *:b 2"V4HZ BD@H4& >,2"8@>>ZN &<,V"H,:\FH&

*">>ZN, F@ND">.>>ZN & JBD"&:,>44 & 4>H,D,F"N B@:\2@&"H,:b, *":,,
 – 2"V4H" B@FH"&V48", 8@H@D"b 2"V4V",H B@FH"&V48" BD@H4& >,2"8@>>@(@ B@:\2@&"-

>4b JBD"&:,>4,< 4 4<,`V4<4<Fb & >.< <"H,D4":\>Z<4 4 J<FH&,>>Z<4 BD@-
*J8H"<4.

!8H4&42"P4b @$,4N LJ>8P44 2"V4HZ b&:b,HFb 2"*"R,6 FB,P4":4FH", JFH">"&:4&"`-
V,(@ JBD"&:,>4,.

6.4.1 1"V4H" *">>ZN

IBD"&:,>4, F>"$0,>" T4D@84< 8DJ(@< JF:J( *:b 2"V4HZ *">>ZN. =" D4FJ>8, &4*>@
42@$D"0,>4, JFH">@&@8 2"V4HZ. AD4 @H8DZH@< F@FH@b>44 &F,@$V4N &@D@H 2"V4HZ
@FH":\>Z, &@D@H" 2"V4HZ >, 4<,`H 2>"R,>4b, H@ ,FH\ :`$"b, B,D,R4F:,>>"b >"
^8D">, *,bH,:\>@FH\ &ZB@:>4<", *"0, H@(*", ,F:4 Db*@< F *,bH,:\>@FH\` &4*,>
F4<&@: ..
?*>"8@, ,F:4 &F,@$V4, &@D@H" 2"V4HZ 2"8DZHZ, H@ ,FH\ Db*@< F >"*B4F\` &4*,>
F4<&@: . 2"<8", H@(*" H, *,bH,:\>@FH4 >,:\2b &ZB@:>4H\, Db*@< F >"2&">4,< 8@H@-
DZN >" ^8D">, &4*,> F4<&@: .. +F:4 >"BD4<,D 0,:",< D,*"8H4D@&"H\ B"D"<,HDZ 4

^H" *,bH,:\>@FH\ 2"8DZH", >"0"& B@ ^8D">J B"D"<,HD@& 8>@B8J  &Z$@D"

@B,D"P46, & 7-@< B@:, FHD@8, FH"HJF" 2>"8 . BD,*JBD,0*",H, RH@ *,bH,:\>@FH\
2"8DZH".
%F,@$V4, &@D@H" 2"V4HZ, 8">": DNC, B"D"<,HDZ, PLC 4 F,D&4F <@0,H $ZH\

F (,>,D4D@&">>Z< B"D@:,<, 4:4
F 8:`R@< PLC,

RH@ @2>"R",H, RH@ BD4 4N @H8DZH44 >" R4F:@&@6 Db*, >"B4F">>Z6 JBD"&:,>4,<, >"*@
@H&,R"H\ F *DJ(4< R4F:@&Z< Db*@<, (,>,D4D@&">>Z< 42 B,D&@(@ R4F:@&@(@ Db*", 4:4
&@D@H" 2"V4HZ <@0>@ @H8DZ&"H\ BD4 @H8DZH@< (D"2D,T"`V,<) B@:@0,>44 &8:`R"-
H,:b F 2"<8@<, @$@DJ*@&">>Z< >" FH">@8. 
?FH":\>Z, LJ>8P44 <@(JH $ZH\ 

F L48F4D@&">>Z< 8:`R@<, 4:4
F 8:`R@< PLC,

RH@ @2>"R",H, RH@ ̂ H4 LJ>8P44 @H8DZ&"`HFb H@ :4 B"D@:,<, 2"*">>Z< & BD4&,*,>>@6
>40, H"$:4PZ, H@ :4 &@D@H" 2"V4HZ <@0>@ @H8DZ&"H\ BD4 @H8DZH@< (D"2D,T"`V,<)
B@:@0,>44 &8:`R"H,:b F 2"<8@<, @$@DJ*@&">>Z< >" FH">@8. 
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% BD4&,*,>>@6 >40, H"$:4P, B,D,*".HFb, RH@ @H*,:\>Z, LJ>8P44 8"84< B"D@:,< @H-
8DZ&"`HFb:

LJ>8P4b B"D@:\ LJ>8P4b B"D@:\

1"$:@84D@&"H\ &F, (,>,D4D@&">

=J:,&"b H@R8" 2"(@H@&84 15962 ?H8DZH4, >@&@6 BD@(D-<Z 95148 

?H>@F4H,:\>"b H@R8" 15962 I*":,>4, BD@(D"<<Z 95148 

7@DD,8P44 4>FHDJ<,>H@& 15962 C,*"8H4D@&">4, BD@(D"<<Z 95148 

G"$:4P" <,FH 4>FHDJ<,>H@& 15962 1"(DJ28" BD@(D"<<Z 95148 

G"$-P" FD@8" F:J0$Z 4>-H@& 15962 E@ND">,>4, BD@(D"<<Z 95148 

G"6<,DZ 4 FR,HR484 7895123 1"V4H" BD@(D"<<Z 7895123 

PLC H"$:4P" 15962 DNC 7">": (,>,D4D@&">

#100 <"8D@B,D,<,>>Z, 95148 A"D"<,HDZ B@:\2-:b 7895123 

#500 <"8D@B,D,<,>>Z, 95148 A"D"<,HDZ (,>,D4D@&">

%Z$@D BD-<Z *:b !%G? 456852 PLC BD@(D"<<" (,>,D4D@&">

%Z$@D BD-<Z *:b C%) 357159 E,D&4F>Z, @B,D"P44 (,>,D4D@&">

7>@B8"<4  4  &>JHD4 @*>@(@ FH@:$" <@0>@ >"&@*4H\ F4<&@: = (8JDF@D) >"

&Z$4D",<J` JF:J(J B@ 2"V4H, *">>ZN. +F:4 0,:",< <,>bH\ FH@:$, F:,*J,H B@:\2@-

&"H\Fb 8>@B8"<4  4 .

+F:4 >"0"H\ 8>@B8J &Z$@D" @B,D"P46 , BD,*:"("`HFb F:,*J`V4, @B,D"P44:

?H8DZ
H\ 1

1"8DZH
\ 2 3 4 5 6 7 8 9 0

?B,D"P4b ?H8DZH\: AD4 0,:">44 @H8DZH\ 2"8DZHJ` LJ>8P4`, 4 4<,,HFb 8:`R 2"-
V4HZ, F:,*J,H >"&@*4H\ F4<&@: = (8JDF@D) >" LJ>8P4`. A@&,D>JH\ >" FH">8,
8:`R B@ 2"V4H, *">>ZN & B@:@0,>4b D"2D,T,>4b, 2"H,< >"0"H\ 8>@B8J ?H-
8DZH\.
+F:4 >,H >" FH">8, 8:`R" 2"V4HZ, F:,*J,H >"&@*4H\ F4<&@: = >" 0,:",<J`
D"2D,T4H\ LJ>8P4`, 2"H,< >"0"H\ 8>@B8J ?H8DZH\. 
AD4 ^H@<, ,F:4 0,:",<"b @H8DZH\ LJ>8P4b @$:"*",H F L48F4D@&">>Z< 8:`-
R@<, & B@F:,*>,6 FHD@8, B@b&4HFb F@@$V,>4,
B"D@:\: _ _ _ _ _ _ _ _.
1"B4F"& F@@H&,HFH&J`V46 L48F4D@&">>Z6 B"D@:\, &2bHZ6 42 BD4&,*,>>@6 &Z-

T, H"$:4PZ, 8>@B8@6  F:,*J,H 2"8DZH\ &&@* *">>ZN 4 ̂ H4< LJ>8P4b D"2-

D,T,>". 
+F:4 LJ>8P4b @$:"*",H F (,>,D4D@&">>Z< B"D@:,<, & B@F:,*>,6 FHD@8, B@b-
&4HFb F:,*J`V,, F@@$V,>4,:
nnnnnnnn B"D@:\: _ _ _ _ _ _ _ _
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(*, nnn BD,*FH"&:b,H F@$@6 &@F\<42>"R>@, R4F:@. 1"BJFH4H\ >" PC AD@(D"<<J
D"FT4LD@&84 8@*", 4 >"$D"H\ R4F:@&@6 Db*, &4*>Z6 >" ̂ 8D">, JBD"&:,>4b. A@-
:JR,>>Z6 & 8"R,FH&, @H&,H" R4F:@&@6 Db* 2">@F4H\ P4LD@&@6 8:"&4"HJD@6 & J-

BD"&:,>4,. 1"B4F"& F@@H&,HFH&J`V46 B"D@:\, 8>@B8@6  2"8DZH\ &&@* *">-

>ZN 4 ^H4< LJ>8P4b D"2D,T,>".
?B,D"P4b 1"8DZH\: AD4 0,:">44 2"8DZH\ LJ>8P4`, F:,*J,H >"&@*4H\ F4<&@: = (8JD-

F@D) >" LJ>8P4`. ="0"H\ 8>@B8J @B,D"P44 1"8DZH\. %Z$D">>"b LJ>8P4b 2"-
8D@,HFb >,2"&4F4<@ @H F@FH@b>4b &F,@$V4N &@D@H 2"V4HZ.

6.4.2 1"V4H" B@FH"&V48"

KJ>8P4b 2"V4HZ B@FH"&V48", &FHD@,>>"b & JBD"&:,>4,, &FHJB",H & *,6FH&4, B@ 4FH,-
R,>4` 15*24 R"F" ^8FB:J"H"P44. (A@* R"F@< ^8FB:J"H"P44 B@>4<",HFb 8@:4R,FH&@
R"FH@&, BD@&,*,>>ZN &@ &8:`R,>>@< F@FH@b>44 JBD"&:,>4b.) A@F:, ̂ H@(@ B@ 24 R"F"<
^8FB:J"H"P44 J$"&4HFb 42 D"2D,T,>4b B@*"R4 @*>@ *,:,>4, >" BD@P,>H>@< &8:`R"-
H,:,. 
]H@ @2>"R",H, RH@ ,F:4 BD4 BD@N@0*,>44 (15+1)*24 R"F@& ^8FB:J"H"P44 @B,D"H@D@<
JFH">"&:4&",HFb BD@P,>H>Z6 &8:`R"H,:\ B@*"R4 >" 120%-@&, >"B4F">>@, >" ^8D">,
Db*@< F 4>*48"P4,6 "8HJ":\>@6 B@*"R4 (F) %->@, 2>"R,>4, B@8"2Z&",H H@:\8@ 110%-
@&, 4 FH">@8 F@&,DT",H B,D,<,V,>4, >" F"<@< *,:, ̂ H@6 F8@D@FH\`. A@F:, BD@N@0*,-
>4b 30*24 R"F@& ^8FB:J"H"P44 FH">@8 @FH">@&4HFb, BD4 4>*48"P44 Db*@< F "8HJ":\-
>Z< BD@P,>H>Z< 2>"R,>4,< B@*"R4 F R4F:" 0%.
%Z$4D",< 42 (DJBB <,>` E?EG?a=3+ 42@$D"0,>4, 

E??#U+=3+. ="$D"H\ B@ ":L"&4H>@-P4LD@&@6 8:"&4"HJD, 8"D"8H,DZ
N C T.

AD4 ^H@< & &,DN>,< :,&@< J(:J ^8D">" B@b&4HFb Db* R4F,:. 
1"BJFH4H\ >" PC AD@(D"<<J D"FV4LD@&84 4 >"$D"H\ Db* R4F,:, &4*>Z6 >" ^8D">,.
Cb* R4F,:, B@b&:b`V46Fb & @H&,H >" ̂ H@, &&@*4H\ B@ P4LD@&@6 8:"&4"HJD, & JBD"&:,-

>4,. 1"8DZH\ &&@* *">>ZN 8:"&4T,6 . E:,*4H, 2" H,<, RH@ B@F:, B@b&:,>4b Db*"

R4F,: >" ̂ 8D">, JBD"&:,>4b J0, $@:\T, >, BD4HDb(4&"H\Fb 8 8:"&4"HJD, JBD"&:,>4b
*@ H,N B@D, B@8" @H&,H>Z6 Db* R4F,: >, >"$D":4.
AD@:4FH"& @$D"H>@, JFH">@&4H\ BD@P,>H>Z6 &8:`R"H,:\ >" 120%-@& 4 BD@&,D4H\ >"
^8D">,, $Z: :4 BD4>bH 8@* JBD"&:,>4,<.

6.4.3 AD@(D"<<" D"FT4LD@&84 8@*"

AD@(D"<<@6 D"FT4LD@&84 8@*" D"2D,T,>@ B@:\2@&"H\Fb H@:\8@ @L4P4":\>Z< B,-
D,BD@*"&P"< NCT Ipari Elektronikai Kft., F@(:"F>@ 94P,>24@>>@<J *@(@&@DJ, BD4>b-
HZ< BD4 JFH">@&:,>44 BD@(D"<<Z. +F:4 %Z >, b&:b,H,F\ BD"&@<@R>Z<4 B@:\2@-
&"H\Fb BD@(D"<<@6, 4:4 >, &:"*,,H, BD@(D"<<@6, A?;?/+;. 1&@>4H, L4D<, NCT
Ipari Elektronikai Kft B@ F:,*J`V,<J >@<,DJ:

? + 36 1 467 63 00
AD@(D"<<" D"FT4LD@&84 8@*" BD,*FH"&:b,H F@$@6 BD48:"*>J` BD@(D"<<J *:b PC,
8@H@D"b <@0,H 2"*"&"H\ 

– B"D@:\ *:b LJ>8P46, F>"$0,>>ZN BD@42&,*,>>Z< B"D@:,< 2"V4HZ,
– *":,, <@0,H LJ>8P4` 2"V4HZ B@FH"&V48" 2"<,*:bH\, 4:4 F@&F,< J*":4H\.
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A@F:, &N@*" & BD@(D"<<J
V.:8>JH\ >" JT8@ F@ 2>"8@<
NCT98/99 >" B">,:4 D"FT4L-
D@&84 8@*". 

 ?H8:ZH4, &@D@H 2"V4HZ
="$D"H\ & @8>, BD"&84 R4F:@,
&Z*">>@, JBD"&:,>4,< >" ^8-
D"> IEG!=?%73 1!U3GY.
A@* *,6FH&4,< ^H@(@ BD@(D"<-
<@6 D"FT4LD@&84 8@*" &Z*"-
.HFb R4F:@, 2"B4F"& 8@H@D@, &
JBD"&:,>4,, @H8D@,HFb &@D@H".

 7@* 2"V4HZ B@FH"&V48"
="$D"H\ & @8>, BD"&84 R4F:@,
&Z*">>@, JBD"&:,>4,< >" ^8D"> E??#U+=3a.
AD4 ^H@< >" B">,:4 B@b&4HFb *&, 8:"&4T4:
 – @8@>R"H,:\>@, F>bH4,
 – @HFD@R8".
+F:4 &Z$D"H\ @8@>R"H,:\>@,
F>bH4,, $@:\T, >48@(*" >, &Z-
&@*4HFb LJ>8P4b 2"V4HZ B@-
FH"&V48".
+F:4 *".HFb H@:\8@ @HFD@R8",
B,D,<,V,>4,< B@H,>P4@<,HD"
JFH">@&4< 8@:4R,FH&@ *>,6.
7"0*Z6 *,>\ @2>"R",H 24 R"F"
^8FB:J"H"P44, 2>"R4H, ,F:4
B@:\2@&"H\Fb FH">8@< &F,(@ 8
R"F@& & *,>\, 4 B@H@< &Z8:`-
R4H\ ,(@, B@ 3 8":,>*"D>Z<
*>.< $J*,H J$"&4H\Fb BD@P,>H-
>@, 2>"R,>4, D"2D,T.>>@6 B@-
*"R4.
A@F:, ^H@(@ 2"B4T,< & JBD"&-
:,>4, R4F:@, &Z*">>@, BD@-
(D"<<@6 D"FT4LD@&84.
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6.4.4 C"2D,T,>4, @H8DZH4b 2"V4HZ *">>ZN F 8:`R.< PLC

):b D"2D,T,>4b @H8DZH4b 2"V4HZ *">>ZN F:J04H 4>*48"H@D &Z&@*" PLC Y543. +F:4
4>*48"H@D &8:`R.> (F@FH@b>4, 1), @B,D"P4b ?H8DZH\ >" ^8D">, IEG!=?%73 1!-
U3GY $J*,H *,6FH&4H,:\>" *:b 8"0*@6 LJ>8P44. +F:4 4>*48"H@D &Z8:`R.> (F@FH@-
b>4, 0) @B,D"P4b ?H8DZH\ $J*,H *,6FH&4H,:\>" H@:\8@ B@F:, &&@*" F@@H&,HFH&J`V,(@
8:`R,&@(@ F:@&" (B"D@:b).
=" 4>*48"H@D Y543 <@0>@ F8@B4D@&"H\ 2>"8 &8:`R"H,:b F 8:`R.<, @$@DJ*@&">>@(@
>" FH">@8.
1"V4HJ *">>ZN <@0>@ F:@<"H\ F 4FB@:\2@&">4,< 4>*48"H@D" Y543 4 H"84< @$D"2@<,
RH@ &@6*.< & ̂ 8D"> H,FH" I/O FD,*4 F,D&4F>ZN LJ>8P46 (F<@HD4 (:"&J 6.3.3 >" FHD">4-
P, 87.). A@F:, ̂ H@(@, ,F:4 FD,*4 JFH">@&@8 2"V4HZ *">>ZN E,D&4F>Z, @B,D"P44 D"2-
D,T,>Z, F B@<@V\` @B,D"P44 Bit set 2"B4T,< 4>*48"H@D Y543 & 1. 1"H,< BD@:4FH"&
@$D"H>@, B@ ^8D">J IEG!=?%73 1!U3GY <@0>@ @H8DZ&"H\ :`$J` LJ>8P4`.
?B4F">>Z, &ZT, &@2<@0>@FH4 <@0>@ &Z8:`R4H\ *&J<b BJHb<4. 94$@ & BD@(D"<<,
PLC & <@*J:, :001 P48:4R>@ 2"B4T,< 4>*48"H@D Y543 & >@:\,

:001
...
D543 ;2"BD,H @H8DZH4b 2"V4HZ *">>ZN
...
J1

:4$@ FD,*4 JFH">@&@8 2"V4HZ 2"8D@,< LJ>8P4` E,D&4F>Z, @B,D"P44 4 ?$V4, &@D@-
H" 2"V4HZ.
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7 AD4&,*,>4, & *,6FH&4, JBD"&:,>4b

32:@0,>>Z, 2*,F\ @B4D"`HFb >" (:"&" B@* >"2&">4,< IFH">@&@R>Z, 4 F,D&4F>Z,
LJ>8P44 JBD"&:,>4b 4 A"D"<,HDZ.

7.1 A,D&Z, T"(4

AD,0*,, R,< JBD"&:,>4, B@*8:`R4H\ B@* >"BDb0,>4,, F:,*J,H BD@&,D4H\ BD"&4:\-
>@FH\ B@*8:`R,>4b, @$D"V"b @F@$@, &>4<">4, J >"BDb0,>4b B4H">4b. AD@&,D4H\ B4-
H">4, JBD"&:,>4, 4 B">,:4 @B,D"H@D". AD@&,D4H\ B@*8:`R,>4, B4H">4b 8"DHZ INT,
*":,, *"HR48@& 4 ̂ :,8HD@>484 @BP4@>>ZN VJB@& BD4&b284. AD@&,D4H\, RH@ >, B@B"-
*",H :4 & D"2:4R>Z, D"2X.<Z $@:\T,, >"BDb0,>4, *@BJFH4<@(@. (="BD4<,D & 8"DHJ
INT >, B@B"*",H :4 110%, 4:4 220%.)
1 %8:`R4H\ JBD"&:,>4,.
2 +F:4 JBD"&:,>4, B@FHD@4HFb F@@$V,>4,< A"D"<,HDZ – ?T4$@R>Z,, >"0"H\

8:"&4TJ  (reset) (F<@HD4 (:"&J 6.1.3 >" FHD">4P, 78). +F:4 @>@ 4 B@F:,

^H@(@ >, B@FHD@4HFb, &N@*4H\ & D,04< SERVICE UTILITIES ((:"&" 6.2.1
FHD">4P", 81), 4 FD,*4 LJ>8P46 SERVICE MEMORY &Z$D"H\ LJ>8P4` F2 –
BOOT PARAMS. )"H\ WARM RESTART, 4 T"(>JH\ *":\T,.

3 +F:4 BD@T:4 B,D&Z6 ^H"B BD@P,*JDZ B@FHD@,>4b ((:"&" 6.1.1 FHD">4P" 77.) 4
&FHJB4& &@ &H@D@6 ^H"B ((:"&" 6.1.4 FHD">4P" 78) >" ^8D">, >4R,(@ >, &4*>@
(BJFH@6, >"BD4<,D BD@2*D"R>@ $,:Z6), F:,*J,H &@6H4 & D,04< SERVICE
UTILITIES ((:"&" 6.2.1 FHD">4P", 81), 4 42 LJ>8P46 SERVICE MEMORY &Z$D"H\
F1 – RAM TEST, 2"H,< &>JHD4 ^H@(@ F4 – CMOS RAM CLEAR, 2"H,< LJ>8P4`

F5 – FLASH ROM CLEAR. A@F:, ^H@(@ @HFHJB4H\ >"2"* 8:"&4T,6  FD,*4

LJ>8P46 SERVICE MEMORY 4 B@ B@Db*8J &Z$D"H\ F2 – BOOT PARAMS, 2"H,<
LJ>8P4` F3 – BOOT PLC. )"H\ WARM RESTART 4 T"(>JH\ *":\T,.

4 +F:4 &@ 2-@< ^H"B, BD@P,*JDZ B@FHD@,>4b ((:"&" 6.1.4 FHD">4P" 78) &Z*".HFb
F@@$V,>4, @$ @T4$8, AC?SI 1!'CI13G[ AC?'!;;I PLC, H@(*" :4$@
&@6H4 & D,04< SERVICE UTILITIES ((:"&" 6.2.1 FHD">4P" 81), 4 42 LJ>8P46
SERVICE MEMORY &Z$D"H\ LJ>8P4` F3 – BOOT PLC, :4$@ R,D,2
B@F:,*@&"H,:\>Z6 B@DH 2"(DJ24H\ BD@(D"<<J PLC.

5 I*":4H\ B@b&4&T4,Fb B@F:, ̂ H@(@ F@@$V,>4b @$ @T4$8,, B@:\2JbF\ 8:"&4T,6 

(reset). ((:"&" 6.1.4 FHD">4P" 78.)
6 AD@&,D4H\, RH@ R4F:@ LJ>8P4@>":\>ZN 8:"&4T, >"D4F@&">>ZN >" ̂ 8D">, F@&-

B"*",H :4 R4F:@< LJ>8P4@>":\>ZN 8>@B@8, @$@DJ*@&">>ZN B@* <@>4H@D. +F:4
>,H, B@FHJB"H\ B@ J8"2">4b< (:"&Z 6.1.5 >" FHD">4P, 80..

7 AD@&,D4H\, RH@ B@*P&,H8" <@>4H@D" B@*N@*4H :4, H@ ,FH\ N@D@T@ &4*>Z :4 4>-
L@D<"P44 >" 42@$D"0,>44 ̂ 8D">". +F:4 >,H, JFH">@&4H\ B"D"<,HD 0521 USER-
COLOR & 0, " B"D"<,HD 0522 BORDER & 7, RH@ @2>"R",H, RH@ &FHJB",H & *,6FH&4,
2"&@*F8"b JFH">@&8". C,*"8H4D@&">4, B"D"<,HD@& F@*,D04HFb & (:"&, 6.3.1 >"
FHD">4P, 84., " @B4F">4, B"D"<,HD@& & (:"&, 8.3 >" FHD">4P, 173..

8 IFH">@&4H\ b2Z8, 0,:",<Z6 4FB@:\2@&"H\ & (DJBB, B"D"<,HD@& 0501
LANGUAGE.
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9 IFH">@&4H\ B"D"<,HDZ B@F:,*@&"H,:\>@(@ B@DH" (& (DJBB, B"D"<,HD@& SERIAL,
F<@HD4 ,V. (:"&J 5.4 >" FHD">4P, 58.) 4 2"(DJ24H\ B"D"<,HDZ, BD4>bHZN & N@*,
BD4&,*,>4b & *,6FH&4, D">\T,. +F:4 >,H H"84N, H@(*" B,D,* BD4&,*,>4,<
8"0*@6 LJ>8P44 & *,6FH&4, BD4*.HFb 2"B4F"H\ B"D"<,HDZ, @H>@FbV4,Fb 8
*">>@6 (DJBB, &DJR>J`.

10 1"(DJ24H\ BD@(D"<<J PLC. ]H" BD@(D"<<" *@:0>" N@Hb $Z @$D"V"H\Fb
"&"D46>@6 P,B\`, 8,>@R>Z<4 B@:@0,>4b<4, D,L,D,>H>Z<4 &8:`R"H,:b<4,
*":,, *@:0>" J<,H\ &8:`R4H\ FH">@8, *@B@:>4H,:\>Z, 4 (:"&>Z, BD4&@*Z.
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7.2 AD4&,*,>4, & *,6FH&4, D,(J:4DJ`V,6 P,BZ B@24P44

AD,0*,, R,< BD4FHJB4H\ 8 BD4&,*,>4` & *,6FH&4, D,(J:4DJ`V,6 P,BZ B@24P44, >,-
@$N@*4<@ BD4&@*4H\ & *,6FH&4, "&"D46>J` P,B\ & PLC, RH@$Z F<@(:4 &8:`R4H\ FH"-
>@8, *":,,, RH@$Z F<@(:4 *"H\ "&"D46>Z6 FH@B. ="*@ FJ<,H\ &8:`R4H\ *@B@:>4H,:\-
>Z, BD4&@*Z, " H"80, >"*@ BD4&@*4H\ & *,6FH&4, 4N D,(J:4DJ`V,6 P,BZ F8@D@FH4
4 @BH4<424D@&"H\ 4N.
=40, BD4:@0,>" FN,<" *,6FH&4b D,(J:4D@&@R>@6 P,BZ B@24P44 JBD"&:,>4b, J8"2Z-
&"b, RH@ & D"2:4R>ZN H@R8"N 8"8@(@ D@*" B"D"<,HD"<4 <@0>@ &<,T"H\Fb. =" D4FJ>8,
@H<,R,>@ F@ 2>"8@< )si &,:4R4>J F<,V,>4b 2" ,*4>4PJ &D,<,>4 @H 4>H,DB@:bH@D",
*":,, F@ 2>"8@< )se - @H *"HR48" 42<,D4H,:b N@*". =" FN,<" *,6FH&4b J8"2">Z H, H@R-
84, 2>"R,>4, 8@H@DZN <@0>@ &ZF&,R4&"H\ >" ̂ 8D">, G+EG 31;+C3G+9[=?5 E3E-
G+;Y (F<@HD4 (:"&J 6.3.5 >" FHD">4P, 92), *":,, L@D<" F4(>":" ^HZN H@R,8 <@0>@
&ZR,DR4&"H\ F8@B@<, &FHD@,>>Z< & JBD"&:,>4, (F<@HD4 (:"&J 6.3.6 >" FHD">4P, 93.).
I8"2">Z 4 H, H@R84, & 8@H@DZN JBD"&:,>4,< &ZB@:>b,HFb ">":42 BD,*,:\>@(@ 2>"R,-
>4b, *":,, J8"2">Z >"2&">4, B"D"<,HD@&, 8@H@DZ<4 <@0>@ B@&:4bH\ >" ">":42 BD,-
*,:\>@(@ 2>"R,>4b (INPOS, SERRL, FDBCK). ?$D"2J`V46Fb @F>@&>@6 F4(>": D,(J:4-
DJ`V,6 P,BZ F8@D@FH4 <@0,H &Z&@*4H\Fb & ">":@(@&@6 L@D<, B@F:, BD,@$D"2@&">4b
D)A, *":,, *4(4H":\>@ R,D,2 T4>J CAN.

7.2.1 IFH">@&8" F,D&@P,B4

% *":\>,6T,< BD,*B@:@04<, RH@ BD4&@* @BH4<424D@&">, 4 8 R4F:J @$@D@H@& $ZFHD@-
(@ N@*" @H>@F4HFb @F>@&>@6 F4(>": BD4<,D>@ 10% (& F:JR", P4LD@&@(@ BD4&@*"
32000). 7:"&4T" "&"D46>@(@ FH@B" >"0"H".
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1 1"B4F"& F@@H&,HFH&J`V4, B"D"<,HDZ 444n AXISTn & 1, D"2D,T",< @B,D"H@D"
F,D&@ B@ H,< L424R,F84< @Fb<, 8@H@DZ, B@FHD@,>Z >" FH">8,. ]H4 <@(JH $ZH\
@F4 NC, 4:4 PLC, *":,, TB4>*,:\, B@F8@:\8J >" TB4>*,:, 4FB@:\2J,HFb
&D"V"`V46Fb *"HR48. +F:4 BD4&@* >" 8"8@6-H@ @F4 b&:b,HFb P4LD@&Z<,
B"D"<,HD 486n DIGITALn >" F@@H&,HFH&J`V,6 @F4 2"B4F"H\ & 1.

2 % (DJBB, B"D"<,HD@& 4281 AXIS &Z*,:4< *:b 8"0*@6 BD4<,>.>>@6 :@(4R,F8@6
@F4 >@<,D L424R,F8@6 @F4.

3 A@F8@:\8J & (DJBB, B"D"<,HD@& AXIS *:b :`$@(@ 42 B"D"<,HD@& 4287 A, 4288
B, 4:4 4289 C 2"B4T,< 1, H@ ,FH\ &Z*,:4< "*D,F A, B, 4:4 C & 8"R,FH&, @F4, J-
BD"&:,>4` >"*@ 2"*"&"H\, RH@ &Z$D">>Z, @F4 A, B, 4:4 C b&:b`HFb
&D"V"`V4<4Fb, 4:4 :4>,6>Z<4 @Fb<4. ]H@ &"0>@ B@H@<J, RH@ *:b
&D"V"`V4NFb @F,6 >, *,6FH&4H,:\>" *`6<@&"b-<,HD4R,F8"b 8@>&,DF4b
(8@<">*" G20, G21). 32 ̂ H@(@ F:,*J,H, RH@ & 8"R,FH&, &D"V"`V4NFb @F,6 <@(JH
$ZH\ 4FFH@:8@&">Z JBD"&:,>4,< H@:\8@ "*D,F" A, B, C B@ FH">*"DHJ. % (DJBB,
B"D"<,HD@& IPLCONST >"*@ JFH">@&4H\ F@@H&,HFH&,>>@ B"D"<,HDZ 0181
A.LINEAR, 0182 A.ROTARY, 0184 B.LINEAR, 0185 B.ROTARY, 0187 C.LINEAR,
0188 C.ROTARY.

4 A@ &ZFHD@,>>Z< @Fb< 2"B4F"H\B"D"<,HD 446n NOLOOPn & 1.
5 A"D"<,HD 4763 INCH DET 2"B@:>b,HFb & 2"&4F4<@FH4 @H H@(@, RH@ FD,*FH&" 42-

<,D,>4b *:4>Z *`6<@&Z,, 4:4 <,HD4R,F84,. 
6 %Z$D"H\ 0,:",<J` 4FB@:\2@&"H\ F4FH,<J BD4D"V,>46 F B@<@V\` B"D"<,HD@&

4764 INCRSYSTA, 4765 INCRSYSTB, 4:4 4766 INCRSYSTC. % JBD"&:,>44 &F,
@F4 *@:0>Z D"$@H"H\ & @*>@6 4 H@6 0, F4FH,<, <,D 4 BD4D"V,>46.

7 % F:JR", JBD"&:,>4b H@8"D>Z< FH">8@< B"D"<,HD 4762 DIAM 2"B4F"H\ & 1, ,F:4
*">>Z, 8@@D*4>"H X 0,:",< &ZF&,R4&"H\ & *4"<,HD,.

8 AD4 2>">44 D"2D,T,>4b *"HR48@&, (& F:JR", &D"V"`V4NFb *"HR48@&) <,N">4-
R,F8@(@ B,D,*"H@R>@(@ @H>@T,>4b, " H"80, >" @F>@&">44 &Z$D">>@6 F4FH,<Z
BD4D"V,>46 JFH">@&4H\ B"D"<,HDZ 414n SMULn, 416n SDIVn H"8, RH@$Z
F@2*":@F\ >,@$N@*4<@, BD4D"V,>4, &Z&@*". 
E:,*J,H JR,FH\, RH@ & F:JR", BD4.<" *"HR48@& TTL 4<BJ:\FZ *"HR48@& JBD"&:,-
>4,< "&H@<"H4R,F84 J<>@0"`HFb & R,HZD, D"2, " & F:JR", BD4.<" F @BP4,6 F4-
>JF@&ZN *"HR48@& EXEI, 4:4 EXEV *,:,>4, 42<,D4H,:\>@6 D,684 J<>@0"`HFb
& *&"*P"H\ D"2. 
E:,*J,H JR,FH\, RH@ F4FH,<" BD4D"V,>46 &Z&@*" b&:b,HFb *&JN8D"H>@6 &&@*".
1>"R4H, ,F:4 & <,HD4R,F8@< F:JR", &Z$D":4 F4FH,<J BD4D"V,>46 B (0.001 <<),
H@(*" 2" 1 << 2000 4<BJ:\F@& *@:0>Z B@:JR4H\ F@ FH@D@>Z *"HR48". 
G@ ,FH\, ,F:4 T"( D,2\$Z &4>H" 10 <<, " D"2D,T,>4, *"HR48" 2500, HD,$J,HFb
20000 4<BJ:\F@&. 32 "&H@<"H4R,F8@(@ J<>@0,>4b & R,HZD, D"2 B@:JR4< 10000
4<BJ:\F@&, B@^H@<J *:b SMUL 2"B4F"H\ 2, *:b SDIV 1. 

9 ):b B"D"<,HD@& 468n RAPIDn B@ @Fb< 2"B4F"H\ 2>"R,>4, $ZFHD@(@ N@*". 
):b B"D"<,HD" 478n JOGRAPn 2"B4F"H\ <,>\T,,, 4:4 D"&>@, 2>"R,>4`, @BD,-
*,:.>>@<J *:b B"D"<,HD" 468n RAPIDn.

10 1"B@:>4H\ B"D"<,HDZ 474n FEEDMAXn. E >"R":" 4FN@*4H\ 42 2>"R,>4b 2000
<</<4>, 4:4, ,F:4 2>"R,>4 $ZFHD@(@ N@*" (RAPID) <,>\T, ̂ H@(@, H@ 42 50%-@&
$ZFHD@(@ N@*". 
AJFH\ B"D"<,HD 480n JOGFMAXn D"&>@, 4:4 <,>\T, 2>"R,>4`, 2"B4F">>@<J
*:b F@@H&,HFH&J`V,(@ B"D"<,HD" 474n FEEDMAXn.
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11 ):b B"D"<,HD@& 470n ACCn F >"R":" 2"B4F"H\ 500. % 2"&4F4<@FH4 @H *4>"<484
F4FH,<Z B@20, ^H@ 2>"R,>4, <@0>@ 42<,>4H\.

12 ):b B"D"<,HD@& 402n GAINn F >"R":" 2"B4F"H\ 2>"R,>4, GAINn=2*RAPIDn.
13 ):b B"D"<,HD" 406n SERRLn: SERRLn=GAINn-200. 

):b R4F:" B@&HD,>4b 418n REPSLn B@ @Fb< 2"B4F"H\ 5-5. 
14 ):b B"D"<,HD@& 410n FDBCKn F >"R":" 2"B4F"H\ 32000 *:b 8"0*@6 @F4, 

" *:b B"D"<,HD" 422n REPFBn 2"B4F"H\ 50.
15 ):b B"D"<,HD@& 426n INPOSn 2"B4F"H\ 60 *:b 8"0*@6 @F4.
16 ):b F:,*J`V4N B"D"<,HD@& 2"B4F"H\ >@:\: 412n DRIFTn, 424n THRESHn, 448n

ZEROINTn, 450n FEEDFORWn, 462n GANTRYn, 464n MULGn, 466n DIFGn.
17 A"D"<,HDZ 440n ENCDn 2"B4F"H\ & 0 B@ &F,< 4FB@:\2@&">>Z< @Fb<. G,<

F"<Z< &8:`R,>@ >"$:`*,>4, 2" @$DZ&@F BD@&@*" *"HR48". AD4 B@FHJB:,>44
F@@$V,>4b @$ @T4$8, )!GQ37n, BD@&,D4H B@*8:`R,>4, *"HR48@&.

18 +F:4 ^H@ &@2<@0>@, $,2 &8:`R,>4b FH">8", B,D,<,V"H\ 8"0*J` @F\ & @$" >"-
BD"&:,>4b 4 BD@&,D4H\ B@ 4>*48"H@DJ B@24P46, RH@ BD@42&@*4HFb :4 & @$" >"-
BD"&:,>4b B@*FR.H. +F:4 >,H, BD@&,D4H\ B@*8:`R,>4, *"HR48@&.

19 %8:`R4H\ 4>FHDJ<,>H":\>Z6 FH">@8. A@F8@:\8J >4 >" @*>@6 @F4 >, 2"<8>JH"
D,(J:4DJ`V"b B,H:b B@24P44, B@^H@<J 8"0*"b @F\ B@:\2",H F @LF,H@<. +F:4
8"8J`-H@ 42 @F,6 >,:\2b &DJR>J` B,D,<,V"H\, F,6R"F <@0>@ BD@&,D4H\ *"HR4H
B@ 4>*48"H@DJ B@24P46, RH@ BD@42&@*4H :4 B@*FR.H. +F:4 B@ 8"8@6-H@ @F4
F8@D@FH\ B@:\2">4b (@LF,H) $@:\T"b, *&40,>4, >"*@ JFH">@&4H\ >" BD4&@*, F
B@H,>P4@<,HD@& *D,6L, 4:4 @LF,H.

20 A@ @*>@6, B@ B@Db*8J 2"<8>JH\ D,(J:4DJ`VJ` P,B\ B@24P44 >"
B@*8:`R.>>ZN @FbN F BD4F&@,>4,< 2>"R,>4b 446n NOLOOPn=0. +F:4 8"8"b-H@
@F\ J$,04H, H"< 4<,,HFb B@:@04H,:\>"b @$D"H>"b F&b2\. AD4 ^H@< 2>"R,>4,
F@@H&,HFH&J`V,(@ B"D"<,HD" 432n EDIRn 42<,>4H\ 42 0 & 1, 4:4 >"@$@D@H.

21 AD@&,D4H\ F 4>8D,<,>H>Z< JOG, RH@ B,D,<,V,>4, *">>@6 @F4 F@@H&,HFH&J,H
:4 &,:4R4>, &Z$D">>@(@ T"(". +F:4 >,H, *:b B:@N@ JFH">@&:,>>@6 @F4
42<,>,>4,< B"D"<,HD" 414n SMULn, 416n SDIVn JFH">@&4H\ J<>@0,>4,,
*,:,>4, *"HR48".

22 AD@&,D4H\ B@ @Fb<, RH@ >"BD"&:,>4, FR.H" >" 4>*48"H@D, B@24P46
(&@2D"FH"`V4, R4F:": + >"BD"&:,>4,, J$Z&"`V4, R4F:": ! >"BD"&:,>4,)
F@&B"*",H :4 B@:@04H,:\>Z<, 4:4 @HD4P"H,:\>Z< >"BD"&:,>4,< *&40,>4b
@F,6. +F:4 >,H, B@F:, @H0"H4b "&"D46>@(@ &8:`R"H,:b, B"D"<,HD 430n CDIRn,
@H>@FbV46 8 F@@H&,HFH&J`V,6 @F4, 2"B4F"H\ 42 0 & 1, 4:4 >"@$@D@H.

23 A,D,<,V"H\ @F4 F <"N@&4R8@<. AD@&,D4H\ B@ @Fb<, RH@ BD4 &D"V,>44
<"N@&4R8" & B@:@04H,:\>@< >"BD"&:,>44 &Z2Z&",HFb :4 B,D,<,V,>4, &
B@:@04H,:\>@< >"BD"&:,>44. +F:4 >,H, B"D"<,HD 482n HANDWHDn
@H>@FbV46 8 F@@H&,HFH&J`V,6 @F4, 2"B4F"H\ 42 0 & 1, 4:4 >"@$@D@H.

24 1"BD@(D"<<4D@&"H\ >" JBD"&:,>44 B@*"RJ 1000 <</<4> (BD4 B@:@0,>44 B"D"-
<,HD" 4763 INCH DET=1, 40 *`6</<4>). ?BH4<424D@&"H\ D,(J:4DJ`VJ` P,B\
B@24P44 JFH">@&8@6 *,:4H,:b &&@*" BD4&@*", &@ &D,<b B,D,<,V,>44 F 2"BD@-
(D"<<4D@&">>@6 F8@D@H\`. AD4&,*,>>"b >40, H"$:4P" B@8"2Z&",H, RH@ &
2"&4F4<@FH4 @H D"2<,D>@FH4 42<,D,>4b B@24P44 (B"D"<,HD 4763 INCH DET)
4 BD4<,>.>>@6 F4FH,<Z BD4D"V,>46 (B"D"<,HD 4764 INCRSYSTA, 4765
INCRSYSTB, 4766 INCRSYSTC) 8"8@, JF4:,>4, P,BZ (K: & D"2<,D>@FH4 1/F,8)
BD4>"*:,04H 8 8"8@<J @HFH"4&">4` (4>*48"P4b G+EG 31;+C3G+9[=?5
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FH@:$ E3EG+;Y FOL.ER).

FOL.ER [&ZN@*>@, BD4D"V,>4,]

K [1/F,8]INCRSYSTA
=1

INCRSYSTB
=1

INCRSYSTC
=1

INCH DET=0 
F=1000 <</<4>

100 1000 10000 333

150 1500 15000 222

200 2000 20000 166

INCH DET=1 
F=40 *`6</<4>

40 400 4000 333

60 600 6000 222

80 800 8000 166

AD"8H4R,F84 JF4:,>4, P,BZ D,(J:4DJ`V,6 P,BZ B@24P44 >"N@*4HFb &
BD,*,:"N 15..30 1/F,8. +F:4 >,:\2b @BH4<":\>@ JFH">@&4H\ F *,:4H,:,< &&@*",
42<,>4H\ B"D"<,HD GAIN. E J&,:4R,>4,< B"D"<,HD" J<,>\T",HFb, F
J<,>\T,>4,< J&,:4R4&",HFb JF4:,>4, P,BZ.

25 =" @F>@&">44 BD,*Z*JV,(@ BJ>8H" 42&,FH>" B@(D,T>@FH\ (@HFH"4&">4,) BD4-
F:,04&">4b @BH4<424D@&">>@6 D,(J:4DJ`V,6 P,BZ B@24P44 & F:JR", B@*"R4
(F) BD4 1000 <</<4> (40 *`6</<4>). E B@<@V\` BD@B@DP44 &ZR4F:4H\, RH@
8"8@, 2>"R,>4, @HFH"4&">4b @H>@F4HFb 8 B@*"R, $ZFHD@(@ N@*" (B"D"<,HD 468n
RAPIDn) *:b D"2:4R>ZN @F,6 (n):

A"D<,HD GAINn JFH">@&4H\ F:,*J`V4< @$D"2@<:

! BD,*,:\ B@(D,T>@FH4 F,D&@:

1"BD@(D"<<4D@&"H\ F>@&" B@*"RJ F=1000 <</<4> (40 *`6</<4>) 4, B@8" B,D,-
<,V",< @F\, *,:4H,:,< &&@*" BD4&@*" JFH">@&4H\ @BH4<424D@&">>@,
@HFH"4&">4,, @BD,*,:.>>@(@ & BD,*Z*JV,< BJ>8H,. ]H@6 JFH">@&8@6 *@$4:4F\,
RH@$Z @F>@&>@6 ">":@(@&Z6 F4(>":, &Z*"&",<Z6 <"8F4<":\>@ ±10%,
BD4B"F@&"> 8 <"8F4<":\>@6 F8@D@FH4 (468n RAPIDn) *">>@6 @F4.

26 )"H\ @Fb< N@*4H\ 42 BD@(D"<<Z B,D,<,V,>4,< $ZFHD@(@ N@*" G0. ="$:`*"H\
2" *4>"<48@6 @F,6. % F:JR", >,@$N@*4<@FH4 42<,>4H\ B"D"<,HDZ JF8@D,>4b
ACCn.
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27 3>*48"H@D@< R"F@&@(@ H4B" BD@F<@HD,H\ 4>8D,<,>H>Z, T"(4 1, 10, 100
F4FH,<Z. +F:4 F4FH,<@6 >, H@R>@ @HT"(",HFb N@*, (& @HFH"4&">44 F@ND">b,HFb
>, @HT"(">>Z6 N@*), J&,:4R,>4,< B"D"<,HD" 424n THRESHn <@0>@ B@BD"&4H\
B@:@0,>4,.

28 AD4 H@D<@0,>>ZN @F,6 BJF8 H@D<@0,>4b F@&,DT",HFb >" F4(>": & B@24P44,
*:b 8@H@D@(@ @8>@ @$,FB,R4&",HFb B"D"<,HD@< 426n INPOSn. % ^H@< F:JR",
<@0,H $ZH\ B@>"*@$4H\Fb FJ0,>4, BD,*,:@& F4(>":" *:b H@R>@6 4>*,8F"P44.
A@F8@:\8J 42 J28@(@ @8>" B@* *,6FH&4,< H,<B,D"HJD>@(@ *D"6L" @F\ <@0,H
:,(8@ &ZN@*4H\, *:b "&H@<"H4R,F8@6 8@<B,>F"P44 *D"6L" JFH">@&4H\ >"
B"D"<,HD, 448n ZEROINTn <,*:,>>@, 2>"R,>4, 8@<B,>F"P44.

29 IFH">@&4H\ 2>"R,>4, B"D"<,HD" 404n TACHVn B@ @Fb< F@(:"F>@ 42:@0,>>Z<
J B"D"<,HD". 
A@F:, ̂ H@(@ *:b >"$:`*,>4b 2" @T4$8@6 @$D"H>@6 F&b24, JFH">@&4H\ >,@$N@*4-
<Z, B"D"<,HDZ 410n FDBCKn 4 422n REPFBn. ):b $ZFHDZN, *4>"<4R,F84N
@F,6 2>"R,>4, FDBCKn 4 REPFBn *@:0>@ $ZH\ <,>\T,, *:b <,*:,>>ZN,
Hb0.:ZN @F,6 - $@:\T,. AJFH\ $J*,H *:b 4FN@*" FDBCKn=300, REPFBn=50.

30 A,D,* JFH">@&8@6 BD,*&8:`R,>4b F8@D@FH4 >,@$N@*4<@ H@R>@ JFH">@&4H\ B"-
D"<,HDZ TACHVn,F<@HD4 BJ>8H 29., H"8,RH@ F4(>":Z COMMANDn 4 TACHOn
*@:0>Z $ZH\ D"&>Z<4 >" ̂ 8D">, G+EG 31;+C3G+9[=?5 E3EG+;Y. ]H@
>,@$N@*4<@ B@H@<J, RH@ D"FR.H BD,*&8:`R,>4b F8@D@FH4 4FB@:\2J,H 2>"R,>4,
TACHV. (E<@HD4 FN,<J *,6FH&4b F,D&@P,BZ.)
AD4 >,@$N@*4<@FH4 JFH">@&4H\ B"D"<,HDZZ 450n FEEDFORWn. +F:4 ^H@<J
B"D"<,HDJ BD4F&@4H\ 2>"R,>4,, @H:4R"`V,, @H 0-b, BD,*&8:`R,>4, F8@D@FH4
$J*,H *,6FH&@&"H\ &F,(*", & :`$@< F@FH@b>44 JBD"&:,>4b: 4 BD4 DJR>@<
B,D,*&40,>44, BD4 4>*,8F"P44 $ZFHD@(@ N@*" (G0), BD4 >"D,2">44 >"DJ0>@6
D,2\$Z (G33) 4 BD4 >"D,2">44 &>JHD,>>,6 D,2\$Z <,HR48"<4 (G84.2, G84.3).
+F:4 & H"8@< F@FH@b>44 0,:",< &ZB@:>4H\ >"BD4<,D >"D,2">4, &>JHD,>>,6
D,2\$Z <,HR48"<4, ^H@ <@0,H 4FB@DH4H\ >"T4 JFH">@&84. A@^H@<J ^H4<
B"D"<,HD@< F:,*J,H B@:\2@&"H\Fb H@:\8@ & @$@F>@&">>@< F:JR",, F@@H&,HFH-
&J`V,6 @F<@HD4H,:\>@FH\` 4 H,N>@:@(4R,F8@6 BD,*JF<@HD4H,:\>@FH\`. AD4
4FB@:\2@&">44 B"D"<,HD" 450n FEEDFORWn 128 @2>"R",H BD,*&8:`R,>4, >"
100%.
%@ &8:`R,>>@< F@FH@b>44 &ZF@8@F8@D@FH>@6, &ZF@8@H@R>@6 @$D"$@H84 (1228
HSHP=1) 4<,,HFb &@2<@0>@FH\ JFH">@&4H\ BD,*&8:`R,>4, 4 & (DJBB,
FEED/ACC B"D"<,HD"<4 265n FINFFORWn, 274n MEDFFORWn, 285n
ROUFFORWn, ,F:4 BD,*&8:`R,>4, F8@D@FH4 D"2D,T,>@ B"D"<,HD@< 2531
FDFORWEN. 'DJBB" B"D"<,HD@& 2561 SELECT D,T",H, RH@ BD4<,>b,HFb B"D"-
<,HD FIN, MED, 4:4 ROU FFORWn. AD4 ̂ H@< 2>"R,>4, B"D"<,HD@& 450n FEED-
FORWn >, 4(D",H D@:\. % ^H@< F:JR", <@0>@ &Z$D"H\ B"D"<,HD@< 2532 FD-
FORWRAP, RH@ $J*,H :4 2"*,6FH&@&">@ BD,*&8:`R,>4, F8@D@FH4 &@ &D,<b
DJR>@(@ B,D,<,V,>4b 4 4>*,8F"P44 $ZFHD@(@ N@*"  (G0). =H8@(*" >,
2"*,6FH&@&">@ BD,*&8:`R,>4, F8@D@FH4 & F@FH@b>44 G33, G84.2 4 G84.3. %
F:JR", B"D"<,HD@& 265n FINFFORWn, 274n MEDFFORWn, 285n ROUFFORWn
2>"R,>4, 10000 @H>@F4HFb 8 BD,*&8:`R,>4` F8@D@FH4 >" 100%.
AD4 @$ZR>ZN JFH">@&@8 <"8F4<":\>Z< 2>"R,>4,< BD,*&8:`R,>4b F8@D@FH4
F@FH"&:b,H BD4<,D>@ 80%, RH@ <@0>@ JFH">@&4H\ $,2 &@2>48>@&,>4b
8@:,$">46. % F:JR", P4LD@&ZN BD4&@*@& NCT @H &,DF44 4.10 SW <,D"
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BD,*&8:`R,>4b F8@D@FH4 <@0,H F@FH"&:bH\ BD4<,D>@ 95%.
31 )"H\ N@*J B"DJ <4>JH & "&H@<"H4R,F8@< D,04<, H"8@6 BD@(D"<<,, (*, 8"0*"b

@F\ @H*,:\>@ F@&,DT",H B,D,<,V,>4, $ZFHD@(@ N@*" (G0). +F:4 &@ &D,<b $,("
B@b&4HFb F@@$V,>4, @$ @T4$8, ?#C!G=!a E%a1[n, 42<,>4H\ B"D"<,HDZ
FDBCKn 4 REPFBn.

7.2.2 IFH">@&8" 2"<,*:,>4b BD4 J(:"N

3>*,8F"P4b $ZFHD@(@ N@*" G0 & 8@>,R>@6 H@R8, BD,*:@0,>4b 2"<,*:b,H &F,(*" *@
F8@D@FH4 0 4 &ZB@:>,>4, F:,*J`V,(@ BD,*:@0,>4b *&40,>4b 2"BJF8",HFb F JF8@D,-
>4,< @H 0-b. ;,0*J BD,*:@0,>4b<4 B@*"R4 (G1, G2, G3) & 8@>,R>@6 H@R8, BD,*:@0,-
>4b 2"<,*:b,HFb JBD"&:,>4,< H@:\8@ & F:JR", F@@H&,HFH&J`V,(@ B@8"2">4b B"D"<,H-
D@&, F4:\>@(@ 42<,>,>44 2>"R,>4b B@*"R4 4 >"BD"&:,>4b HD",8H@D44, "J(:"". +F:4 &
HD",8H@D44 >,H B,D,:@<", H@ ,FH\ F4:\>@(@ 42<,>,>4b >"BD&:,>4b, 2"<,*:bH\ >, >J0-
>@, *":,, :4T>@ 4 &D,*>@.
),H,8H"P4b 42<,>,>46 B@*"R4 (J(:@&), 4 2" @*>@ 2"<,*:,>4, B@*"R4 HD,$J,HFb B@
*&J< BD4R4>"<:
 – 32<,>,>4b B@ @Fb< B@*"R4, &Z2&">>Z, D,284< 42<,>,>4b< >"BD"&:,>4b HD",8H@-

D44, <@(JH $ZH\ >"FH@:\8@ $@:\T4<4, RH@ BD4&@*Z $,2 2"<,*:,>4b >, <@(JH
$,2 8@:,$">46 F:,*@&"H\ B@ >4<, 4 ^H@ BD4&@*4H 8 J<,>\T,>4` H@R>@FH4, *"-
:,, <,N">4R,F84 F4:\>@ B,D,(DJ0",H 4>FHDJ<,>H":\>Z6 FH">@8.

 – C,28@, 42<,>,>4, >"BD"&:,>4b HD",8H@D44 @2>"R",H J(@: 4 ,F:4 J(@: 0,:",< “2"-
@FHD4H\” BD4 H@R,>44, H"80, >J0>@ 2"<,*:4H\. Q,< F4:\>,, 2"<,*:4H\ B@*"RJ,
H,< @FHD,, B@:JR4HFb J(@:.

+F:4 & *&JN, B@F:,-
*J`V4N *DJ( 2"
*DJ(@< BD,*:@0,-
>4bN N1, N2 >, 2"-
<,*:4H\ BD4 J(:,,
H@(*" B@ *">>Z< @-
Fb<  &@2>48"`H
D"2>4PZ B@*"R
()Fx, )Fy) B@8"2">-
>ZN >" D4FJ>8,,RH@
BD4&@*4H 8 H@<J,
RH@ J(@: & *,6FH&4-
H,:\>@FH4 2"8DJ(-
:b,HFb 4>FHDJ<,>-
H@<.

):b H@(@, RH@$Z LJ>8P4b 2"<,*:,>4b BD4 J(:, D"$@H":" B"D"<,HD 2501 CDEN >J0>@
2"B4F"H\ & 1.
),H,8H"P4b J(:@& <@0,H &ZB@:>bH\Fb JBD"&:,>4,< *&@b84< @$D"2@<: F JR.H@< 42<,-
>,>4b J(:" >"BD"&:,>4b HD",8H@D44, 4:4 42<,>,>4b F@FH"&:b`V4N B@*"R4 B@ @Fb<.
IBD"&:,>4b H@8"D>Z< FH">8@< F:,*bH H@:\8@ 2" 42<,>,>4,< J(:" >"BD"&:,>4b, a &
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JBD"&:,>4bN LD,2,D>Z< FH">8@< >" @F>@&">44 B"D"<,HD@& <@0>@ &Z$4D"H\, RH@ >"
@F>@&">44 8"8@(@ FB@F@$" D"$@H":4.

1"<,*:,>4, BD4 J(:"N F JR.H@< 42<,>,>4b J(:" >"BD"&:,>4b HD",8H@D44.

AD4 F@FH@b>44 B"D"<,HD" 2501 CDEN=1 4 2502 FEEDDIF=0, 2"<,*:,>4, BD@4FN@*4H
F JR.H@< 42<,>,>4b J(:" >"BD"&:,>4b HD",8H@D44. ]H" JFH">@&8" D"$@H",H 4 &
F@FH@b>44 G94 ( B@*"R" & <4>JHJ), 4 G95 (B@*"R" 2" @$@D@H), H@ ,FH\ 4N <@0>@
JFH">@&4H\ 4 >" JBD"&:,>4bN H@8"D>@(@ FH">8" 4 >" JBD"&:,>4bN LD,2,D>@(@ FH">8".
+F:4 BD4 &FHD,R4
BD,*:@0,>46 N1,
N2, J8"2">>ZN >"
BD4:@0,>>@< D4-
FJ>8,, J(@: " BD,-
&ZT",H *@BJFH4-
<@, B"D"<,HD@<
2>"R,>4,, B@*"R"
2"<,*:b,HFb JBD"&-
:,>4,< *@ 2>"R,-
>4b Fc.

A"D"<,HD@< 2511 CRITICAN JFH">"&:4&",HFb 2>"R,>4, 8D4H4R,F8@(@ J(:" & (D"*JF"N.
1>"R,>4,< B"D"<,HD" 2512 FEEDCORN 2"*".HFb, RH@ BD,&ZT"b 8D4H4R,F8@(@ J(:"
*@ 8"8@6 B@*"R4 *@:0>@ 2"<,*:4H\ JBD"&:,>4,: Fc=FEEDCORN.

1"<,*:,>4, BD4 J(:"N F JR.H@< 42<,>,>4b F@FH"&:b`V4N B@*"R4 B@ @Fb<.

+F:4 2501 CDEN=1 4 2502 FEEDDIF=1, 2"<,*:,>4, BD@4FN@*4H F JR.H@< 42<,>,>4b
F@FH"&:b`V4N B@*"R4. ]H" JFH">@&8" D"$@H",H H@:\8@ & F@FH@b>44 G94 (B@*"R" & <4-
>JHJ), H@ ,FH\ ,(@ P,:,F@@$D"2>@ JFH">@&4H\ H@:\8@ >" JBD"&:,>4bN LD,2,D>@(@
FH">8".
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F
F

F
F

F
Fc

x

x

y

y
=

⎧
⎨
⎩

⎫
⎬
⎭
×min , ,...

max maxΔ
Δ

Δ
Δ

+F:4 BD4 &FHD,R4
BD,*:@0,>46 N1,
N2, F@(:"F>@ BD4-
:@0,>>@<J D4FJ>-
8J 2"<,*:4H\ B@*"-
RJ H"8, RH@$Z <,D"
42<,>,>4b B@*"R4
>4 >" @*>@6 @F4 >,
BD,&ZT":" *@BJF-
H4<J` B"D"<,HD@<
*:b *">>@6 @F4
8D4H4R,F8J` D"2-
> 4 P J  B @ * " R 4
()Fx<a8F, )Fy<a8F),
H@(*" & 2"&4F4<@F-
H4 @H 8D4H4R,F8@6
B@*"R4 J(@: 2"@FH-
Db,HFb 4>FHDJ<,>-
H@<.
A@*"R" & J(:@&@6 H@R8, B@:JR4< H"8,RH@ 8D4H4R,F84, 2>"R,>4b B@*"R4 B@ @Fb< D"2*,-
:4< >" 2>"R,>4, 42<,>,>46 B@:JR,>>ZN B@*"R 4 <4>4<":\>@, 2>"R,>4, J<>@04< >"
2"BD@(D"<<4D@&">>J` B@*"RJ. 1"<,*:,>4, BD4 J(:, BD@4FN@*4H >" B@:JR,>>J` H"-
84< @$D"2@< B@*"RJ Fc:

(*,:
)Fx<a8F, )Fy<a8F, ...:F@@H&,HFH&J`V46 B"D"<,HD 252n CRITFDIFn, JFH">@&:,>>Z6
*:b @F,6 X, Y, ... 
)Fx, )Fy, ...: D"2>4P" B@*"R4, &@2>48"`V"b >" @FbN X, Y, ... .

;,D" J<,>\T,>>@6 H"84< @$D"2@< B@*"R4 2"&4F4H @H (,@<,HD4R,F8@(@ D"FB@:@0,>4b
J(:". C"FF<@HD4< F:,*J`V46 BD4<,D:
+F:4 @$N@*4H\ J(@: 90/ B@ >"BD"&-
:,>4b<, B"D"::,:\>@ @Fb<, 4 2>"-
R,>4, 8D4H4R,F8@6 B@*"R4 >" @-
$,4N @FbN 500<</<4>, H@(*" BD4 J(-
:, B@*"RJ F:,*J,H 2"<,*:4H\ *@ ^-
H@6 F8@D@FH4.
?*>"8@, ,F:4 FH@D@>Z BDb<@J(@:\-
>@(@ J(:" BD4<Z8"`H 8 @Fb< B@*
45/, H@(*" F:,*J,H 2"<,*:4H\ *@
F8@D@FH4 354 <</<4>.
AD4 B@:@0,>44 B"D"<,HD@& 2503
GEO=0 JBD"&:,>4, B@FHJB",H &ZT,
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F a r= ⋅

@B4F">>Z< @$D"2@<.
G"84< @$D"2@< B@*"R" $J*,H &F,(*" B@ &@2<@0>@FH4 F"<"b &ZF@8"b.
AD4 B@:@0,>44 B"D"<,HD@& 2503
GEO=1, JBD"&:,>4, 4FN@*4H 42 F"-
<@(@ NJ*T,(@ F:JR"b (J(@: B@* 45/),
4 >,2"&4F4<@ @H (,@<,HD4R,F8@(@
D"FB@:@0,>4b FH@D@> J(:" D"$@H"-
,H B@*"R,6, *,6FH&J`V,6 F@(:"F>@
F:JR"` 45/. ]H@ <@0,H BD4&,FH4 8
J<,>\T,>4` B@*"R4 <"8F. 30%.

7.2.3 ?(D">4R,>4, JF8@D,>46, &@2>48"`V4N BD4 @$D"$@H8, *J( B@ HD",8H@D44 & >@D-
<":\>@< >"BD"&:,>44

% N@*, @$D"$@H84 B@FH@b>>@, 2>"R,>4, B@*"R4 B@**,D04&",HFb
JBD"&:,>4,< & *@:\ 8"F"H,:\>@6 HD",8H@D44 (& H">(,>P4":\>@<
>"BD"&:,>44). % D,2J:\H"H, ^H@(@ & H">(,>P4":\>@< >"BD"&:,-
>44 >, &@2>48"`H F@FH"&:b`V4, JF8@D,>4b. =, H"8 & >@D<":\-
>@< (& B,DB,>*48J:bD>@< 8 HD",8H@D44, 4:4 8 F8@D@FH4) >"BD"&-
:,>44. E@FH"&:b`V4, >" @F4 JF8@D,>4b & >@D<":\>@< >"BD"&:,-
>44 >" @H*,:\>ZN @FbN <@(JH BD,&ZT"H\ *@BJFH4<@, *:b *">>@6
@F4 2>"R,>4,. ):b 42$,0">4b ^H@(@, & *@:\ HD",8H@D44 >,@$N@-
*4<@ @(D">4R4&"H\ F8@D@FH\ B@ <,D, 8D4&42>Z HD",8H@D44.
% N@*, @$D"$@H84 *J(4 &,:4R4>" B@*"R4 F @(D">4R4&",HFb >" @-
F>@&">44 2"&4F4<@FH4

(*,:
 a: <,>\T,, 42 2>"R,>46 JF8@D,>46, 2"*">>ZN *:b @F,6, JR"&FH&J`V4N & 4>H,DB@:b-

P44 @8DJ0>@FH4 (B"D"<,HDZ 470n ACCn),
 r: D"*4JF @8DJ0>@FH4
4>H,DB@:bP4b @8DJ0>@FH4 >"R4>",HFb J0, F@ F8@D@FH\`, D"FR4H">>@6 H"84< @$D"-
2@<.
E8@D@FH\ >, $J*,H J<,>\T,>" <,>\T, 2"*">>@6 B"D"<,HD@< 2513 CIRCFMIN B@*"R4,
>,2"&4F4<@ @H &ZT,BD4&,*,>>@6 2"&4F4<@FH4.

7.2.4 IFH">@&8" &ZF@8@F8@D@FH>@(@, &ZF@8@H@R>@(@ F:,0,>4b 2" HD",8H@D4,6

%ZF@8@F8@D@FH>@,, &ZF@8@H@R>@, F:,0,>4, 2" HD",8@D4,6 (F@8D"V.>>@ D,04<
%E%G) BD4<,>b,HFb & B,D&J` @R,D,*\ H@(*", ,F:4 HD",8H@D4b B@FHD@,>" 42 B@F:,*J`-
V4N *DJ( 2" *DJ(@< 8@D@H84N, R"V, &F,(@ 42  BDb<ZN JR"FH8@&, 8"8 >"BD4<,D ̂ H@ BD4-
>bH@ & BD@42&@*FH&, 4>FHDJ<,>H@&.
A@* *,6FH&4,< ̂ H@6 LJ>8P44 4>FHDJ<,>H 4*.H & *@:\ 2"BD@("<<4D@&">>@(@ 8@>HJD"
F &@2<@0>@ >"4<,>\T,6 B@(D,T>@FH\` 4 &@2<@0>@ >"4$@:\T,6 F8@D@FH\`. AD4 ̂ -
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H@< JBD"&:,>4,< BD@F<"HD4&"`HFb ̂ :,<,>HZ HD",8H@D44 (BD,*:@0,>4b) F H@6 H@R84
2D,>4b, RH@ >, 4<,`HFb :4 F:ZT8@< 8@D@H84, JR"FH84, 8@H@DZ, 42:4T>, 2"<,*:b`H
@$D"$@H8J, RH@ >,H :4 D,284N B,D,:@<@& (J(:@&) >" 8@>HJD,, *":,,, RH@ 8D4&42>" HD"-
,8H@D44 >, F@2*".H :4 F:ZT8@< $@:\T4, F@FH"&:b`V4, JR8@D,>4b >@D<":\>@(@ >"-
BD"&:,>4b >" @FbN.

1 AD4 &ZF@8@F8@D@FH>@6, &ZF@8@H@R>@6 @$D"$@H8, >,@$N@*4<@ &8:`R4H\ D,04<
<>@(@8D"H>@6 BD,*&"D4H,:\>@6 @$D"$@H84 BD,*:@0,>46, D,04<
<J:\H4$JL,D": 1227 MULBUF=1.
C,04< <J:\H4$JL,D" &8:`R",HFb 8@<">*@6 G5.1 (P0) 42 BD@(D"<<Z.

2 C,04< &ZF@8@F8@D@FH>@(@, &ZF@8@H@R>@(@ F:,0,>4b 2" HD",8@D4,6
(F@8D"V.>>@ D,04< %E%G) &8:`R",HFb B@:@0,>4,< B"D"<,HD" 1228 HSHP=1.
C,04< %E%G &8:`R",HFb 8@<">*@6 G5.1 Q1 42 BD@(D"<<Z.

3 % >@D<":\>@< F:JR", FJBB@DHZ <@(JH F:,*@&"H\ 2" &Z*">>Z<4 JBD"&:,>4,<
(4>H,DB@:bH@D@<) 8@<">*"<4 H@:\8@ @HFH"&">4,<. ;,D" @HFH"&">4b BD@B@DP4-
@>":\>" 8 F8@D@FH4 (B@*"R,). AD4 @$D"$@H8, *:4>>ZN, BDb<ZN JR"FH8@&, 4:4
*J( F <":@6 B@*"R,6 B@:JR,>>Z< H"84< @$D"2@< 4F8"0,>4,< BD@L4:b <@0>@
BD,>,$D,("H\. 3>"b F4HJ"P4b 4<,,HFb BD4 BD4 &ZF@8@F8@D@FH>@6 @$D"$@H8,,
8@(*" HD",8H@D4b F4:\>@ 8D4&"b. % H"84N F:JR"bN &@2*,6FH&4, @HFH"&">4b
<@0,H BD4&,FH4 8 2>"R4H,:\>@<J 4F8"0,>4`. ):b 4F8:`R,>4b ^H@(@ $Z:@
&&,*,>@ BD,*&8:`R,>4, F8@D@FH4. AD,*&8:`R,>4, F8@D@FH4 BD,*FH"&:b,H
F@$@6 FB@F@$ H,N>484 D,(J:4D@&">4b, F B@<@V\` 8@H@D@(@ <@0>@ J<,>\T4H\
@HFH"&">4,, 2"&4FbV,, @H F8@D@FH4, 4 *@FH4R\ B@RH4 >J:,&@, F:,0,>4,. G"84<
@$D"2@< 4F8"0,>4, BD@L4:b <@0>@ &,FH4 8 <4>4<":\>@<J.
=,0,:"H,:\>Z< B@$@R>Z< &@2*,6FH&4,< BD,*&8:`R,>4b F8@D@FH4 b&:b,HFb,
RH@ &@2D"FH",H F8:@>>@FH\ F4FH,<Z D,(J:4D@&">4b 8 8@:,$">4`. ]H@ <@0,H
$ZH\ 2>"R4H,:\>@6 @F@$,>>@ BD4 2"BJF8, 4 @FH">@&8,. E8:@>>@FH\ 8
8@:,$">4` <@0>@ J<,>\T4H\ F@@H&,HFH&J`V,6 JFH">@&8@6 B"D"<,HD@&
JF8@D,>4b.
%8:`R,>4, &ZF@8@F8@D@FH>@(@, &ZF@8@H@R>@(@ F:,0,>4b 2" HD",8H@D4,6
(%E%G) 2" @*>@ &8:`R",H 4 &@2<@0>@FH\ LJ>8P44 BD,*&8:`R,>4b F8@D@FH4.
]H" LJ>8P4b L"8H4R,F84 &8:`R",HFb H@:\8@ H@(*", ,F:4 B"D"<,HD 2531
FDFORWEN  JFH">@&:,> & 1. )"0, BD4 ̂ H@< >, 2"*,6FH&@&">@ BD,*&8:`R,>4,
F8@D@FH4 & F@FH@b>44  G33, G84.2 4 G84.3.
A@:\2@&"H,:\ <@0,H BD4>bH\ D,T,>4, @ H@<, 2"*,6FH&@&"H\ :4 BD,*&8:`R,>4,
F8@D@FH4 BD4 B,D,*&40,>46 $ZFHD@(@ N@*"  (G00). +F:4 *", &8:`R4H\ B"D"<,HD
2532 FDFORWRAP & 1. AD4 ̂ H@< BD,*&8:`R,>4, F8@D@FH4$J*,H *,6FH&4H,:\>@
4 BD4 DJR>@< B,D,<,V,>44 @F,6. % $@:\T4>FH&, F:JR",& ^H@(@ >, HD,$J,HFb.

4 AD4 B@:@0,>44 B"D"<,HD@& 2534 NOFEEDR=0 JBD"&:,>4,< BD4>4<",HFb
&F,(*" 2"BD@(D"<<4D@&">>@, 2>"R,>4, B@*"R4 F, 4 & D,04<, %E%G.
3F8:`R4H,:\>@ & D,04<, %E%G, ,F:4 2>"R,>4, B"D"<,HD" 1, B@*"R" @F,6 @BD,-
*,:b,HFb 4F8:`R4H,:\>@ *@BJF8",<Z<4 JF8@D,>4b<4 4 8D4H4R,F8@6 D"2>4P,6
B@*"R. %,DN>46 BD,*,: <@0>@ 2"*"&"H\ JFH">@&8@6 B"D"<,HD" 2542 FEEDHIGH.
?*>"8@ *"0, BD4 ^H@< >, *@BJF8",HFb JBD"&:,>4,<, RH@$Z F@FH"&:b`V4,
B@*"R4 B@ @Fb< BD,&ZT":4 2>"R,>4b, @BD,*,:.>>Z, B"D"<,HD"<4 474n
FEEDMAXn.
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5 IFH">@&4H\ B"D"<,HD 2541 FEEDLOW. ),6FH&4, B"D"<,HD" & F:JR", 2"BD@(D"<-
<4D@&">4b @8DJ0>@FH4 H@ 0, F"<@, & D,04<, %E%G, 8"8 J B"D"<,HD" 2513
CIRCFMIN &@ &D,<b >@D<":\>@6 @$D"$@H8,: F<@HD4 (:"&J 7.2.3 >" FHD">4P,
115.. A@<4<@ ̂ H@(@, & D,04<, %E%G JBD"&:,>4, >"$:`*",H 2" F@FH"&:b`V4<4
JF8@D,>4b >@D<":\>@(@ >"BD"&:,>4b, B@:JR,>>Z<4 4FN@*b 42 8D4&42>Z
HD",8H@D44 4 >" @F>@&">44 ̂ H4N @(D">4R4&",H &,:4R4>J B@*"R4. =, J<,>\T",H
B@*"RJ <,>\T, 2>"R,>4b, JFH">@&:,>>@(@ B"D"<,HD@<.

6 AD4 @$D"$@H8, %E%G A@:\2@&"H,:\ <@0,H &Z$4D"H\ 42 HD.N D"2:4R>ZN
>"$@D@& B"D"<,HD@&, 2"B4F"& F@@H&,HFH&J`V46 B"D"<,HD &  1:

2561 FINISH: *:b R4FH@&@6
2562 MEDIUM: *:b B@:JR4FH@&@6
2563 ROUGH: *:b R,D>@&@6 @$D"$@H84.

%Z$@D <@0>@ *,:"H\ 42 BD@(D"<<Z F Db*@< 8@<">*
G5.1 Q1 Rq

(*, F B@<@V\`
R1 *:b R4FH@&@6
R2 *:b B@:JR4FH@&@6 
R3 *:b R,D>@&@6

@$D"$@H84 &Z2Z&"`HFb B"D"<,HDZ. 32 HD.2 B"D"<,HD@& &F,(*" H@:\8@ @*4>
<@0,H 4<,H\ 2>"R,>4, 1.

7 Q"FH@ &FHD,R",HFb & F:JR", BD@(D"<<, @B4FZ&"`V4N F:@0>Z,
BD@FHD">FH&,>>Z, B@&,DN>@FH4, @$D"2@&">>Z, 8@<B\`H,D@<, RH@ 8
B@&,DN>@FH4 BD4$:40",<Fb @R,>\ 8@D@H84<4 BDb<Z<4 JR"FH8"<4, D"2<,D@<
B"DJ <48D@>. %,D>@, F:,0,>4, 2" ^H4<4 BDb<Z<4 JR"FH8"<4 & <>@0,FH&,
F:JR",& 42:4T>, 2"<,*:b,H H@R,>4,, & 8@>,R>@< F:JR", BD4&@*4H 8 8@:,$">4`
B@*"R4, 8 *.D(">4` FJBB@DH@&.
7@:,$">4, B@*"R4 <@0>@ 4F8:`R4H\ *&J<b @$D"2@<:
 – AD@P,>H>Z< &8:`R"H,:,< B@*"R4 J<,>\T4H\ B@*"RJ *@ H,N B@D,B@8" >,

$J*,H D@&>@6. ?*>"8@ ^H@, & 2"&4F4<@FH4 @H HD,$@&">4b 8 H@R>@FH4,
<@0,H 42:4T>, J&,:4R4H\ &D,<b H@R,>4b.

 – %H@D"b &@2<@0>@FH\ BD@BJF8"H\ B,D,<,V,>4b, 2"BD@(D"<<4D@&">>Z, & @H-
*,:\>ZN BD,*:@0,>4bN *@ H,N B@D, B@8" ^H@ >, FH"&4H B@* J(D@2J J*@&-
:,H&@D,>4, HD,$@&">4b 8 H@R>@FH4 2"(@H@&84.

% D,04<, F:,0,>4b 2" HD",8H@-
D4,6 %E%G FH@4H >" D"FB@Db0,-
>4, B@:\2@&"H,:b HD4 D"2:4R>ZN
B"D"<,HD" ,  @BD,*,:b`V4N
FH,B,>\ H@R>@FH4: 
2601 FINACCUR *:b R4FH@&@6, 
2701 MEDACCUR, *:b B@:JR4F-

H@&@6
2801 ROUACCUR *:b R,D>@&@6

@$D"$@H84.
1"BD@(D"<<4D@&">>Z,, 8@D@H84,,
BDb<Z, B,D,<,V,>4b (BD,*:@0,-
>4b G01) F&@*bHFb B@ @Fb< *@ H,N
B@D, B@8" &,:4R4>"  ("$F@:`H>@,
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2>"R,>4,) B,D,<,V,>4b >" 8"8@6-H@ @F4 >, $J*,H $@:\T,  2>"R,>4b, JFH">@&:,>>@(@
B"D"<,HD@<, 2"H,< @$X,*4>.>>Z, H"84< @$D"2@< B,D,<,V,>4b & @*>@< &Z*"`HFb.
8 % D,04<, %E%G, >,2"&4F4<@ @H B@:@0,>4b B"D"<,HD" 2502 FEEDDIF, BD4

J(:"N JBD"&:,>4,< BD4>4<",HFb F,(*" 2"<,*:,>4,, $"24DJ`V,, >"
8D4H4R,F8@6 D"2>4P, B@*"R. ?$bF>,>4, 2"<,*:,>4b *@ 8D4H4R,F8@6 D"2>4PZ
B@*"R F<@HD4 &@ (:"&, 7.2.2 >" FHD">4P, 112. %,:4R4>J 8D4H4R,F8@6 D"2>4PZ
B@*"R <@0>@ JFH">@&4H B@ @Fb< H"80, *:b &F,N HD.N F:JR",&:

& (DJBB, B"D"<,HD@& 2641 FINFDIF *:b R4FH@&@6,
& (DJBB, B"D"<,HD@& 2741 MEDFDIF *:b B@:JR4FH@&@6
& (DJBB, B"D"<,HD@& 2841 ROUFDIF *:b R,D>@&@6 @$D"$@H84

JFH">"&:4&"`HFb 2>"R,>4b. +F:4 2"(@H@&8" 4<,,H 8D4&J` B@&,DN>@FH\, $,2
8D",&, 2>"R,>4, B"D"<,HD@& <@0>@ J&,:4R4&"H\ *@ H,N B@D, B@8" ^H@
B@2&@:b,HFb FH"$4:\>@FH\` F,D&@P,B4: 180...420 <</<4>. +F:4 2"(@H@&8" 4<,,H
@FHDZ6 B,D,:@<, 8D@<8", B"D"<,HD >"*@ J<,>\T4H\ *@ 2>"R,>4b  30...120
<</<4> *:b H@(@, RH@$Z & N@*, @$D"$@H84 8D@<8" $Z:" 8D"F4&@ &ZD"$@H">" J-
BD"&:,>4,<.

9 +F:4 BD,*&8:`R,>4, F8@D@FH4 D"2D,T,>@ B"D"<,HD@< 2531 FDFORWEN,
<@0>@ JFH">@&4H\ <,DJ BD,*&8:`R,>4b F8@D@FH4.
7@ &F,< HD.< L"2"< @$D"$@H84 <@0>@ 2"*"&"H\ <,DJ BD4>"*:,0"V,(@ BD,*-
&8:`R,>4b F8@D@FH4 & BD@P,>H"N:

& (DJBB, B"D"<,HD@& 2651 FINFFORW *:b R4FH@&@6
& (DJBB, B"D"<,HD@& 2751 MEDFFORW *:b B@:JR4FH@&@6, *":,,
& (DJBB, B"D"<,HD@& 2851 ROUFFORW *:b R,D>@&@6 @$D"$@H84.

):b JFH">@&:,>4b BD,*&8:`R,>4b F8@D@FH4 F<@HD4 BJ>8H 30. (:"&Z 7.2.1 >"
FHD">4P, 111.

10 % F:JR", BD4<,>,>4b BD,*&8:`R,>4b F8@D@FH4 @F4 <@(JH FH">@&4H\Fb
F8:@>>@6 8 8@:,$">4`, RH@ <@0>@ J<,>\T4H\ F@@H&,HFH&J`V,6 JFH">@&8@6
B"D"<,HD@& JF8@D,>4b. AD4<,>4<@, & JBD"&:,>44 JF8@D,>4b <@0,H $ZH\ *&"
H4B": :4>,6>@,, 4:4 &H@D@(@ B@Db*8". % F:JR", BD4<,>,>4b BD,*&8:`R,>4b
F8@D@FH4 F8:@>>@FH\ 8 8@:,$">4` <@0>@ J<,>\T4H\  42<,>,>4,< B"D"<,HD@&
JF8@D,>4b 4 B@FH@b>>@(@ &D,<,>4 JF8@D,>4b. 
% D,04<, %E%G 8@ &F,< HD.< L"2"< @$D"$@H84 <@0>@ 2"*"&"H\ <,DJ H">(,>P4-
":\>@(@ JF8@D,>4b & ,*4>4P"N <</F,82:

& (DJBB, B"D"<,HD@& 2611 FINTANACC *:b R4FH@&@6
& (DJBB, B"D"<,HD@& 2711 MEDTANACC *:b B@:JR4FH@&@6
& (DJBB, B"D"<,HD@& 2811 ROUTANACC *:b R,D>@&@6 @$D"$@H84

<@0>@ JFH">@&4H\ &,:4R4>J H">(,P4":\>ZN (8"F"H,:\>ZN) JF8@D,>46 B@ @Fb<.
+F:4 2>"R,>4, B@:JR,>>@(@ H"84< @$D"2@< B"D"<,HD" BD,&ZT",H 2>"R,>4, B"-
D"<,HD" 470n ACCn JFH">@&:,>>@(@ & (DJBB, SERVO, H@(*" JBD"&:,>4,<
BD4>4<",HFb &@ &>4<">4, 2>"R,>4, ACCn.
% N@*, @$D"$@H84 %E%G 4<,,HFb &@2<@0>@FH\ *:b BD@P,>H>@6 8@DD,8P44 B"D"-
<,HD@& JF8@D,>4b, B@*@$>Z< @$D"2@<, 8"8 J B@*"R4. % 2"&4FH<@FH4 @H HD.N L"2
@$D"$@H84:

2602 FINACCLEV *:b R4FH@&@6
2702 MEDACCLEV *:b B@:JR4FH@&@6 "
2802 ROUACCLEV *:b R,D>@&@6 @$D"$@H84

& BD@P,>H"N &@2*,6FH&J,H >" B"D"<,HDZ >@D<":\>@(@ 4 H">(,>P<":\>@(@ JF8@-
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D,>4b.
3FH@:8@&">4,: % 
?$:"FH\ 2>"R,>46: 1%...100%
+F:4 2>"R,>4, B"D"<,HD"  =0, 4:4 >100, H@(*" JBD"&:,>4,< $,D.HFb 100%-o&. 
G"80, B@ L"2"< @$D"$@H84 4<,,HFb &@2<@0>@FH\ *:b JFH">@&:,>4b
B@FH@b>>ZN &D,<,>4 JF8@D,>4b:

& (DJBB, B"D"<,HD@& 2621 FINACCTC *:b R4FH@&@6
& (DJBB, B"D"<,HD@& 2721 MEDACCTC *:b B@:JR4FH@&@6
& (DJBB, B"D"<,HD@& 2821 ROUACCTC *:b R,D>@&@6 @$D"$@H84

<@0>@ 2"*"&"H\ B@ @Fb< B@FH@b>>@, &D,<,>4 & ,*4>4P, <F,8. +F:4 2"*">>@,
H"84< @$D"2@< 2>"R,>4, <,>\T,, R,< B@FH@b>>@, &D,<,>4 490n ACCTCn i, J-
FH">@&:,>>@, JFH">@&:,>>@, & (DJBB, SERVO, H@(*"  BD4>4<",HFb &@ &>4<">4,
2>"R,>4, ACCTCn.

11 A,D,* @(D">4R,>4,< JF8@D,>46 >@D<":\>@(@ >"BD"&:,>4b BD@R4H"6H, (:"&J
7.2.3 >" FHD">4P, 115. 
%@ &D,<b @$D"$@H84 %E%G JBD"&:,>4,< @(D">4R4&"`HFb >, H@:\8@ JF8@D,>4b
>@D<":\>@(@ >"BD"&:,>4b, &@2>48"`V4, & *@:\ *J(4, >@ & N@*, @$D"$@H84 >"-
$:`*",HFb 2" 8D4&42>@6 HD",8H@D44 4 & 2"&4F4<@FH4 ^H@(@ J<,>\T",HFb
B@*"R".
% F:JR", 4>H,DB@:bP44 BDb<@6 *">>Z6 JR"FH@8 (HD",8H@D4b) BD"&*" >, 4<,,H
8D4&42>J, B@^H@<J >, 4<,,H 4 F@FH"&:b`V,(@ JF8@D,>4b & >@D<":\>@<
>"BD"&:,>44, @*>"8@ ^H@ H@:\8@ *:b *:4>>ZN BDb<ZN JR"FH8@& BD"&*". +F:4
HD",8H@D4b B@FHD@,>" 42 <,:84N, BDb<ZN JR"FH8@&, 8"8 >"BD4<,D ̂ H@ BD4>bH@
BD4 BD@42&@*FH&, 4>FHDJ<,>H@&, H@(*" 8D4&42>" B@:JR,>>@6 H"84< @$D"2@<
HD",8H@D44 <@0,H $ZH\ 2>"R4H,:\>@6, 4 B@*RJ BD4*.HFb 2"<,*:4H\, 8"8 ^H@
&4*>@ 42 BD4<,D" +F:4 HD",8H@D4b B@FHD@,>" 42 <,:84N, BDb<ZN JR"FH8@&, 8"8
>"BD4<,D ^H@ BD4>bH@  BD4 BD@42&@*FH&, 4>FHDJ<,>H@&, H@(*" 8D4&42>"
B@:JR,>>@6 H"84< @$D"2@< HD",8H@D44 <@0,H $ZH\ 2>"R4H,:\>@6, 4 B@*RJ BD4-
*.HFb 2"<,*:4H\, 8"8 ^H@ &4*>@ 42 BD4<,D" >40,:
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% BD,*:@0,>4bN N2, N3, N4, " H"80, N6, N7, 4 N8 HD",8H@D4b B@FHD@,>" 42 8@-
D@H84N, BDb<ZN JR"FH8@&. +F:4 B@*"RJ & *@:\ HD",8H@D44 B@**,D0"H\ >"
B@FH@b>>@< 2>"R,>44 (*4"(D"<<" F :,&@6 FH@D@>Z >" D4FJ>8,), 42 (,@<,HD44
(42<,>,>4b >"BD"&:,>4b) HD",8H@D44 &ZH,8",H, RH@ 8DJH42>" 42<,>,>4b
F8@D@FH4 (JF8@D,>4, >@D<":\>@(@ >"BD"&:,>4b) >" @F4 X " H"80, >" @F4 Y
BD,&ZT",H *@BJF8",<@, *:b *">>@6 @F4 2>"R,>4,. A@^H@<J HD",8H@D4b &
D,04<, %E%G BD@F<"HD4&",HFb JBD"&:,>4,< F BD,*:@0,>4b >" BD,*:@0,>4,,
RH@$Z F<@( @(D">4R4&"H\ JF8@D,>4b >@D<":\>@(@ >"BD"&:,>4b. G"<, (*, 4FN@*b
42 (,@<,HD44 F@FH"&:b`V4, JF8@D,>4b & *@:\ *">>@6 @F4 $@:\T,
*@BJF8",<ZN, H"<  BD4*.HFb 2"<,*:4H\ F8@D@FH\ & *@:\ HD",8H@D44. )4"(D"<<"
F BD"&@6 FH@D@>Z B@8"2Z&",H, 8"8 J$Z&",H <,D" 42<,>,>4b F8@D@FH4
(JF8@D,>4, >@D<":\>@(@ >"BD"&:,>4b)& *@:\ *">>@6 @F4 B@* *,6FH&4,<
2"<,*:,>4b B@*"R4 & *@:\ HD",8H@D44.
):b @(D">4R,>4b JF8@D,>4b >@D<":\>@(@ >"BD"&:,>4b H"80, HD4 D"2:4R>Z,
(DJBBZ B"D"<,HD@& FH@bH >" D"FB@Db0,>4, B@:\2@&"H,:b, & 8@H@D@6 <@0,H
2"*"&"H\ B@ @Fb< <"8F4<J< JF8@D,>4b >@D<":\>@(@ >"BD"&:,>4b & ,*4>4P,
<</F,82. 1"$D@>4D@&">Z

2631 FINNORMACC *:b R4FH@&@6
2731 MEDNORMACC *:b B@:JR4FH@&@6, 4 
2831 ROUNORMACC *:b R,D>@&@6
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L"2Z. +F:4 2>"R,>4, 2"*">>@(@ H"84< @$D"2@< B"D"<,HD" BD,&ZT",H 2>"R,>4,
B"D"<,HD" 470n ACCn,  JFH">@&:,>>@(@ & (DJBB, SERVO, H@(*" JBD"&:,>4,<
BD4>4<",HFb &@ &>4<">4, 2>"R,>4, ACCn.
32-2" @(D">4R,>4b JF8@D,>46 >@D<":\>@(@ >"BD"&:,>4b B@*"R" <@0,H F4:\>@
J<,>\T"H\Fb. A"D"<,HD@< 2541 FEEDLOW <@0>@ 2"*"&"H\ <4>4<":\>J`
B@*"RJ, 8@H@D"b B@ *,P6FH&4` H" 0, F"<"b, 8"8 BD4 >@D<":\>@6 @$D"$@H8,
B"D"<,HD 2513 CIRCFMIN. +F:4 2"BD@(D"<<4D@&">>"b B@*"R" <,>\T,
2>"R,>4b, >"B4F">>@(@ & B"D"<,HD,, H@(*" BD4>4<",HFb &@ &>4<">4,
2"BD@(D"<<4D@&">>"b B@*"R". A@* *,6FH&4,< BD@P,>H>@(@ &8:`R"H,:b B@*"R4
H"80, <@0,H JN@*4H\ B@*"R" B@* 2"*">>@, B"D"<,HD@< 2>"R,>4,.
):b 8@DD,8P44 *,6FH&J`V,(@ & BD,*:@0,>44 B@*"R4 B@ B@8"2">4` B"D"<,HD"
2503 GEO &Z$4D",HFb LJ>8P4b 8@DD,8P44. A"D"<,HD H@H 0, F"<Z6, 8"8 ^H@
$Z:@ F8"2">@ BD4 2"<,*:,>44, $"24DJ`V4N >" D"2>4P"N B@*"R4.
+F:4 2>"R,>4, B"D"<,HD" D"&>@ 0, &F,(*" FH"D",HFb *@$4H\Fb *@BJF8",<@(@ <"8-
F4<":\>@(@ JF8@D,>4b (4 H,< F"<Z< <"8F4<":\>@6 F8@D@FH4) & *@:\
HD",8H@D44. ]H@ F@FH@b>4, 2"&4F4H @H (,@<,HD44 (@H B@:@0,>4b J(:") 4
F8@D@FH\ $J*,H 8@:,$"H\Fb & *@:\ HD",8H@D44.
+F:4 2>"R,>4, B"D"-
<,HD" D"&>@ 1, H@(*"
>,2"&4F4<@ @H (,@<,H-
D44 JR"FH8" HD",8H@-
D44 (@H B@:@0,>4b J(-
:") >"FHD"4&",HFb >"
B@FH@b>>J` B@*"RJ, ,F-
H,FH&,>>@ F JR.H@< *@-
BJF8",<@(@  B@ @Fb<
<"8F4<":\>@ JF8@D,-
>4b.
C"FF<@HD4 F:,*J`V46
BD4<,D:
AD@(D"<<4D@&"H\ 8DJ-
(@&J` HD",8H@D4`, B@-
FHD@,>>J` 42 BDb<ZN
JR"FH8@&, D"*4JF@< 10
<< 4 &ZR4F:4H\ H@R84
8DJ(" B@ T"("< & 5/. AJFH\ $J*,H 2"BD@(D"<<4D@&">>"b B@*"R" F6000, 4 *@BJF-
H4H\ *:b @$,4N @F,6 JF8@D,>4, 500 <</F,82.
+F:4 2>"R,>4, B"D"<,HD" GEO pa&>@ 0, *&40,HFb &F,(*" F <"8F4<":\>@6 F8@-
D@FH\`, *@BJF8",<@6 JF8@D,>4b<4, @*>"8@ ,F:4 @>@ D"&>@ 1, B@FH@b>>@,,
*&40,HFb F B@*"R,6, <,>\T,6 2"BD@(D"<<4D@&">>@6.
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7.2.5 IFH">@&8" &FB@<@("H,:\>ZN @F,6

+F:4 @*>" 4 H" 0, @F\ BD4&@*4HFb & *&4-
0,>4, @H *&JN F,D&@*&4("H,:b, 4 8 @$@-
4< F,D&@*&4("H,:b< BD4>"*:,04H @H-
*,:\>Z6 42<,D4H,:\ N@*" (&D"V"`V46-
Fb *"HR48, 4:4 42<,D4H,:\>"b D,68"), H@
D,R\ 40.H @ &FB@<@("H,:\>ZN @F,6. G"-
84, D,T,>4b FHD,R"`HFb J $@:\T4N, D"-
<@R>ZN (4>"R, >" B@DH":\>ZN 4:4 gantry
FH">8"N.
=" BD4:@0,>>@< D4FJ>8, >"BD4<,D @F\
X BD4&@*4HFb & *&40,>4, F @$,4N FH@-
D@> @H 1-1 *&4("H,:b. E @*>@6 FH@D@>Z 4-
<,,HFb (*"&>"b @F\, " F *DJ(@6 - &FB@<@-
("H,:\>"b. %F, 8@<">*Z *&40,>4b, BD4-
N@*bV4, 8 @F4 X, B@:JR4H F,D&@P,B\ 4 (:"&>@6 4  &FB@<@("H,:\>@6 @F,6.
A@<4<@ ̂ H@(@, ,F:4 B@24P4b &FB@<@("H,:\>@6 @F4 @HFH".H @H (:"&>@6, &FB@<@("H,:\-
>"b @F\ B@FHD"D",HFb >"FHD@4HFb 8 (:"&>@6 @F4. +F:4 D"2>4P" B@24P46 BD,&ZT",H
2>"R,>4,, 2"*">>@, B"D"<,HD@<, JBD"&:,>4,< &Z*".HFb F@@$V,>4, ?S3#7! E3=M-
C?=!n, J*":b,HFb 2"<,H8" @ BD4>bH44 D,L,D,>H>@6 H@R84 4 &Z8:`R",HFb FH">@8.
A@* *,6FH&4,< 8@<">*Z @ BD4>bH44 D,L,D,>H>@6 H@R84 F>"R":, BD@4FN@*4H BD4>b-
H4, D,L,D,>H>@6 H@R84 (:"&>@6 @F\`, 2"H,< "&H@<"H4R,F84, $,2 :`$@(@ &<,T"H,:\-
FH&" - &FB@<@("H,:\>@6. A@24P4b (:"&>@6 4 &FB@<@("H,:\>@6 @F4 & D,L,D,>H>@6 H@R-
84 *@:0>" $ZH\ H"8@6, RH@ @>" J*@&:,H&@D4:" (,@<,HD4R,F84< HD,$@&">4b< FH">8".
% >"T,< BD4<,D, D"<" *@:0>" FH@bH\ H"8, RH@$Z @>" $Z:" B,DB,>*48J:bD>" 8 @F4
X. ]H@ *@FH4(",HFb H"8, RH@ B,D,<,FH4< B@24P4` &FB@<@("H,:\>J` D,L,D,>H>J` H@R-
8J.
A@Db*@8 JFH">@&84 &FB@<@("H,:\>Z6 @F,6 F:,*J`V46:

1 1"B4F"& F@@H&,HFH&J`V4, B"D"<,HDZ 444n AXISTn & 1 D"2D,T",HFb @B,D"H@D
F,D&@ H"8 >" (:"&>@6, 8"8 >" &FB@<@("H,:\>@6 @F4. +F:4 >"BD4<,D @F\ m1
b&:b,HFb (:"&>@6 4 @F\ m4 &FB@<@("H,:\>@6, 2"B4F"H\: 4441 AXIST1=1 4 4444
AXIST4=1. % (DJBB, B"D"<,HD@& 4621 GANTRY F:,*J,H @BD,*,:4H\, RH@ 8"8@6
B@ >@<,DJ @F\ b&:b,HFb (:"&>@6 *:b &FB@<@("H,:\>@6 @F4. =" @F>@&">44
BD4<,D" &ZT,: 4624 GANTRY4=1. (4621 GANTRY1=0, & B"D"<,HD >4R,(@ >,
B4T,<, H"8 8"8 @F\ m1 b&:b,HFb (:"&>@6!) +F:4 BD4&@*Z P4LD@&Z,, *:b
F@@H&,HFH&J`V4N @F,6 B"D"<,HD 486n DIGITALn 2"B4F"H\ & 1.

2 % (DJBB, B"D"<,HD@& 4281 AXIS @H<,H4H\ B@ F@@H&,HFH&J`V,<J "*D,FJ >@<,D
(:"&>@6 @F4. ?FH"&"bF\ J BD4<,D" &ZT,, ,F:4 B"D" @F,6 m 1, 4 BD4&@*4H &
*&40,>4, @F\ X 4 @F\ m1 b&:b,HFb (:"&>@6: 4281 X=1. ):b &FB@<@("H,:\>@6 @F4
>, >J0>@ &Z*,:4H\ "*D,F @F4. % N@*, BD4&,*,>4b & *,6FH&4, B"DZ @F,6 <@0,H
B@b&4H\Fb 0,:">4, &4*,H\ 4 B@24P4` &FB@<@("H,:\>@6 @F4. =, F@FH"&4H
HDJ*>@FH,6 >" &D,<b BD4&,*,>4b & *,6FH&4, &Z*,:4H\ BJFH@6 "*D,F @F4 *:b
&FB@<@("H,:\>@6 @F4, >"BD4<,D: 4284 U=4. ?*>"8@ &"0>@  ̂ HJ JFH">@&8J B@F:,
2"&,DT,>4b BD4&,*,>4b & *,6FH&4, J*":4H\.

3 7"8 *:b (:"&>@6, H"8 4 *:b &FB@<@("H,:\>@6 @F4 2"B4F"H\ B"D"<,HD 446n NO-
LOOPn & 0 *:b D"2D,T,>4b 2"<Z8">4b B,H:b. A"D"<,HD 466n DIFGn
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@H>@FbT46Fb 8 &FB@<@("H,:\>@6 @F4, 2"B4F"H\ &ZF@84<, RH@$Z 42:4T>, >,
&ZN@*4:@ F@@$V,>4, @$ @T4$8, F4>ND@>" & N@*, BD4&,*,>4b & *,6FH&4,.
A"D"<,HD 464n MULGn @H>@FbT46Fb 8 &FB@<@("H,:\>@6 @F4, 2"B4F"H\ &
>@:\,RH@$Z 2"BD,H4H\ D,(J:4D@&">4, F<>ND@>". AD4&,*,>4, & *,6FH&4,
F,D&@P,B4 & *":\>,6T,< F@&B"*",H @B4F">>Z<4 & BD,*Z*JV,6 (:"&,. 

4 IFH">@&4H\ BD4>bH4, D,L,D,>H>@6 H@R84. A@Db*@8 BD@P,FF" H@H 0, F"<Z6, 8"8
^H@ @B4F">@ & (:"&, 7.3 >" FHD">4P, 125. IFH">@&8J F:,*J,H &ZB@:>4H\ H"8 *:b
(:"&>@6, 8"8 4 *:b &FB@<@("H,:\>@6 @F4 @H*,:\>@. A@F:, BD4>bH4b D,L,D,>H-
>@6 H@R84 *:b (:"&>@6 @F4, $,2 &Fb8@(@ &<,T"H,:\FH&" "&H@<"H4R,F84 2"BJF8"-
,HFb BD4>bH4, D,L,D,>H>@6 H@R84 *:b &FB@<@("H,:\>@6 @F4. %@ &D<,b BD4>b-
H4b D,L,D,>H>@6 H@R84 *:b &FB@<@("H,:\>ZN @F,6 BD4@FH">@&4HFb D,(J:4D@&"-
>4, F4>ND@>".

5 7@(*" (:"&>@6 @F\` >"6*.HFb >J:,&@6 4<BJ:\F, H@(*" H"8 FH">@R>"b B@24P4b
(:"&>@6 @F4, 8"8 4 &FB@<@("H,:\>@6 @F4 BD4<JH 2>"R,>4, B@24P44 D,L,D,>H-
>@6 H@R84 (:"&>@6 @F4. ?FH"&"bF\ J >"T,(@ BD4<,D": X=U=REFPOS11. A@F:,
^H@(@ @$, @F4 *&40,HFb &<,FH,, B@8" 4 &FB@<@("H,:\>"b @F\ >"N@*4H >J:,&@6
4<BJ:\F. % ̂ H@H <@<,>H & FH">@R>J` B@24P4` &FB@<@("H,:\>@6 @F4 2"B4FZ&"-
,HFb B@24P4b F@$FH&,>>@6 D,L,D,>H>@6 H@R84: U=REFPOS14. A@24P4b (:"&>@6
@F4 @FH".HFb >,42<,>>@6. A@F:, ̂ H@(@ @HT"(",HFb N@* &FB@<@("H,:\>@6 @F\`,
F@(:"F>@ D"2>4P, B@24P44 (:"&>@6 4 F@$FH&,>>@6 @F4 4 2>"R,>4` F<,V,>4b
D,L,D,>H>@6 H@R84, H"84< @$D"2@< B@:JR",HFb F:,*J`V,, B,D,<,V,>4,:
)U=X-REFPOS14+REFSHIFT4. AD4 ^H@< (:"&>"b @F\ >, *&40,HFb! ]H@ *&4-
0,>4, <@0>@ 4FB@:\2@&"H\ *:b F@@H&,HFH&J`V,6 JFH">@&84 D"<Z. %4*>@, RH@
8"8 B"D"<,HD REFPOS1n, H"8 4 B"D"<,HD REFSHIFTn <@0>@ 4FB@:\2@&"H\ *:b
^H@6 P,:4. A@F:, H@(@, 8"8 &FB@<@("H,:\>@6 @F\` @HT"(",HFb D"2>4P", F>@&"
&8:`R",HFb (,DJ:4D@&">4, F4>ND@>".
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6 A@F:, BD4>bH4b D,L,D,>H>@6 H@R84 4 (,@<,HD4R,F8@6 JFH">@&84 D"<Z &ZB@:-
>b,HFb JFH">@&8" D,(J:4D@&">4b F4>ND@>". A@F8@:\8J &F,(*" &FB@<@("H,:\>"b
@F\ F:,*J,H 2" (:"&>@6 @F\`, F:,*J,H JFH">@&4H\ B"D"<,HD 464n MULGn
@H>@FbV46Fb 8 &FB@<@("H,:\>@6 @F4, & >"T,< F:JR", 4644 MULG4. ]H@H
B"D"<,HD F@2*".H 4>H,(D4DJ`V46 F4(>":, BD@B@DP4@>":\>Z6 &,:4R4>,
D"2>4PZ B@24P44 4 2>"R,>4` B"D"<,HD" >" &Z&@*, @F>@&>@(@ F4(>":"
&FB@<@("H,:\>@6 @F4. 1>"R,>4, B"D"<,HD" J&,:4R4H\ *@ H,N B@D, B@8" >,
&@2>48"`H 8@:,$">4b >" &FB@<@("H,:\>@6 @F4.

7 IFH">@&4H\ B"D"<,HD@< 466n DIFGn *@BJF8",<Z6 <"8F4<J< @T4$84 B@24P44
<,0*J (:"&>@6 4 &FB@<@("H,:\>@6 @F\`. A"D<,HD@< 484n REPDGn <@0>@ JFH"-
>@&4H\, RH@ ̂ H@ 2>"R,>4, R,D,2 F8@:\8@ P48:@& 42<,D4H,:\>@6 F4FH,<Z <@0>@
BD,&ZT"H\.
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7.3 IFH">@&8" BD4.<" D,L,D,>H>@6 H@R84

A@F:, JFH">@&84 F,D&@P,BZ B@F:,*J,H JFH">@&8" BD4.<" D,L,D,>H>@6 H@R84. IFH"-
>@&8" BD4.<" D,L,D,>H>@6 H@R84 &ZB@:>b,HFb B@F*, BD4&,*,>4b & *,6FH&4, D,(J:4-
DJ`V,6 P,BZ B@24P44. % BD@(D"<<, PLC >"*@ B@2"$@H4H\Fb @ H@<, RH@$Z B@:@0,>4,
&8:`R"H,:,6 D,L,D,>H>@6 H@R84, ,F:4 @>4 ,FH\, F8@B4D@&"H\ F@@H&,HFH&J`V,6 B@:bD-
>@FH\` >" 4>*48"H@DZ Y55n.
):b H@(@, RH@$Z &@2<@0>@ $Z:@ B,D,<,V"H\Fb & "$F@:`H>J` B@24P4`, JBD"&:,>4,<
B@F:, ,(@ &8:`R,>4b *@:0>" $ZH\ >"6*,>" >" FH">8, @*>" @F@$"b H@R8", 8@H@D"b >"-
2Z&",HFb D,L,D,>H>@6 H@R84. IBD"&:,>4,< @H<,Db,HFb 8"0*"b 8@@D*4>"H" B@ FD"&>,-
>4` D,L,D,>H>@6 H@R84. ):b BD4.<" D,L,D,>H>@6 H@R84 JBD"&:,>4, 4<,,H @H*,:\-
>Z6 D,04<.
IBD"&:,>4,< B@ @Fb< @H*,:\>@ <@0>@ @BD,*,:4H\ F B@<@V\` B"D"<,HD@& REFTYPE,
RH@ >" *">>@6 @F4 8"8@6 42 <,H@*@& *,6FH&@&": *:b BD4.<" D,L,D,>H>@6 H@R84. ;,-
H@* (@D4,>H4D@&8"), *,6FH&4H,:\>Z6 *:b TB4>*,:b BD4.<" D,L,D,>H>@6 H@R84, <@0-
>@ @BD,*,:4H\ 42 (DJBBZ B"D"<,HD@& SPINDLE B@ (DJBB, B"D"<,HD@& SORIENT1,2. ):b
^H@(@ & (DJBB, B"D"<,HD@& REFPAR 4<,,HFb 8 TH. (DJBB B"D"<,HD@& B@* 4<,>,< REF-
TYPE (726n REFTYPEn), H@ ,FH\ 8 8"0*@6 @F4 BD4>"*:,04H @0>" (DJBB". ;@0>@ &Z-
$4D"H\ 42 F:,*J`V4N <,H@*@& BD4.<" D,L,D,>H>@6 H@R84:

MACHINE: BD4.< D,L,D,>H>@6 H@R84 F >"$,(@< >" &8:`R"H,:\
FLOAT: B:"&"`V46 BD4.< D,L,D,>H>@6 H@R84
GRID: BD4.< D,L,D,>H>@6 H@R84 B@ F,H@R>Z< H@R8"<
DISCODED: BD4.< D,L,D,>H>@6 H@R84 42<,D4H,:\>Z< FD,*FH&@< F 8@*4D@&8@6
B@ D"FFH@b>4`.

% *":\>,6T,< 42:@0,>Z BD@P,*JDZ @H*,:\>ZN <,H@*@& BD4.<" D,L,D,>H>@6 H@R84
4 J8"0,< H, B"D"<,HDZ, 8@H@DZ, 4<,`H &:4b>4, >" BD4.< D,L,D,>H>@6 H@R84.
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AD@P,FF >"$,(" & FH">@R>J` D,L,D,>H>J` H@R8J 

7.3.1 AD@P,FF 4 JFH">@&8" BD4.<" D,L,D,>H>@6 H@R84 FH">@R>@(@ (MACHINE) H4B"

)">>"b @F\ JBD"&:,>4b F@&,DT",H >"$,( >" &8:`R"H,:\, @$@DJ*@&">>Z6 >" FH">@8 &
>"BD"&:,>44, @BD,*,:.>>@6 B"D"<,HD@< REFDIS, F@ F8@D@FH\` REFRAP. K"8H F@&,D-
T,>4b >"$,(" >" &8:`R"H,:\ F@@$V",HFb BD@(D"<<@6 PLC 2"B4F">4,< 4>*48"H@D@&
Y55n & 1. E &8:`R"H,:b F$,04H F@ F8@D@FH\` REFEED B@ >"BD"&:,>4` >"$,(", 4:4 &
BD@H4&@B:@0,>>@, >"BD"&:,>4,, RH@ @BD,*,:b,HFb B"D"<,HD@< REFDIR. 1"H,<, ,F:4
B"D"<,HD ZPULS D"&,> 0, @FH">@&4HFb 4 H@R8J F$,("FR4H",H 2" D,L,D,>H>@6 H@R8@6,
,F:4 B"D"<,HD ZPULS D"&,> 1, @HT"(",H D"FFH@b>4, SWSHIFT, >"N@*4H B,D&Z6 >J:,-
&@6 4<BJ:\F, 2"H,< @HT"(",H D"FFH@b>4, REFSHIFT, 4 ̂ HJ H@R8J BD4<,H 2" D,L,D,>H-
>@6 H@R8@6.

1 %Z*,:4H\ B@ @Fb< 2"B@:>,>4,< B"D"<,HD" REFTYPEn, RH@ >" *">>@6 @F4
8"8@(@ H4B" BD4.<" D,L,D,>H>@6 H@R84 0,:",< @FJV,FH&4H\. A@ H,< @Fb<, B@
8@H@DZ< 0,:",< JFH">@&4H\ >"$,( >" FH">@R>J` D,L,D,>H>J` H@R8J,
F@@H&,HFH&J`V46 B"D"<,HD MACHINEn 2"B4F"H\ & 1.

2 A@ &Z*,:.>>Z< @Fb< 2"B4F"H\ & 1 F@@H&,HFH&J`V4, B"D"<,HDZ 720n ZPULSn,
BD4 JF:@&44, RH@ *:b BD4.<" D,L,D,>H>@6 H@R84 0,:",< 4FB@:\2@&"H\ >J:,&@6
4<BJ:\F *"HR48".

3 A@ H,< @Fb<, B@ 8@H@DZ< JFH">@&:,> FH">@R>Z6 BD4.< D,L,D,>H>@6 H@R84, 2"-
B@:>4H\ B"D"<,HDZ 700n REFDISn, 710n REFRAPn 4 722n SWLENGTHn.

4 1"B4F"H\ B@ @Fb< >,@$N@*4<@, 2>"R,>4, 712n REFEEDn 4 718n REFDIRn.
5 1"B4F"H\ B@ @Fb< D"FFH@b>4, BD@,8P44 *&JN >J:,&ZN 4<BJ:\F@& >" FJBB@DH >"

B"D"<,HDZ 714n ZERODISn. +F:4 *:b 8"8@6-H@ @F4 >, 42&,FH>@ ^H@ 2>"R,>4,,
*:b ̂ H@6 @F4 >"*@ &D,<,>>@ >"2>"R4H\ BD4.< D,L,D,>H>@6 H@R84 H4B" GRID >"
B"D"<,HD, REFTYPE, 2"H,< BD4>bH\ >@:\ F,H@R>@6 H@R84. AD4 ^H@< B@24P4b
@F4 & FH">@R>@6 F4FH,<, 8@@D*4>"H 0, BD4 JF:@&44, RH@ 2>"R,>4, F@@H&,HFH&J`-
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AD4R4>" F@@$V,>4b @$ @T4$8, G?Q7! ?#=I9+=3a
t5 

V,(@ B"D"<,HD" REFPOS D"&>@ 0, 4 *:b *">>@6 @F4 >, &Z2&">" 8@DD,8P4b
*:4>Z 4>FHDJ<,>H". E>@&" 2"BJFH4H\ BD4.< D,L,D,>H>@6 H@R84, 4 >"$:`*"H\
B@ 4>*48"H@DJ B@24P46, 8"8@6 N@* F@&,DT.> FJBB@DH@<, BD,0*, R,< F:,*J`-
V46 >J:,&@6 4<BJ:\F F>@&" FH"&4: $Z >" >J:\ 4>*48"H@D. ]H@ 2>"R,>4, 2"B4-
F"H\ >" B"D"<,HD ZERODIS. +F:4 FJBB@DH @FH">@&4HFb F>@&" >" H@6 0, >J:,&@6
4<BJ:\F B@F:, B@&H@D>@(@ BJF8", FB,D&" F:,*J,H B,D,<,V"H\Fb F BD"&@< BD4D"-
V,>4b >" 100...1000 BD4D"V,>44 & >"BD"&:,>4, B@4F8" >J:,&@(@ 4<BJ:\F", 2"-
H,< 2"BJFH4H\ F>@&" BD4.< D,L,D,>H>@6 H@R84. E,6R"F J0, <@0>@ @HFR4H"H\
B,D,<,V,>4,, 4 @BD,*,:4H\ D"FFH@b>4, ZERODIS. A"D"<,HDZ REFTYPE <@0>@
&@FFH">@&4H\ @$D"H>@.

6 AD@&,D4H\ B@ 42@$D"0,>4` ^8D">" JBD"&:,>4b I/O G+EG, RH@ >"0"&
&8:`R"H,:b D,L,D,>H>@6 H@R84, 2"B4T,H :4 PLC >" n-@6 @F4 F@@H&,HFH&J`V46
4>*48"H@D Y55n & 1.

7 1"BJFH4H\ BD4.< D,L,D,>H>@6 H@R84 B@ @Fb<, &Z*,:.>>Z< *:b ̂ H@(@. %@ &D,<b
BD4.<" D,L,D,>H>@6 H@R84 <@0>@ B@:JR4H\ F:,*J`V4, F@@$V,>4b @$ @T4$8,:

A EJBB@DH F@ F8@D@FH\`, 2"*">>@6 B"D"<,HD@< REFRAP & >"BD"&:,>4, 4
*@ D"FFH@b>4b REFDIS 4V,H &8:`R"H,:\ D,L,D,>H>@6 H@R84. %@2>48",H
@T4$8" G?Q7! ?#=I9+=3a t1, ,F:4 & BD,*,:"N N@*", 2"*">>@(@
B"D"<,HD@< 700n REFDISn >, @VJV",H &8:`R"H,:\ (F@FH@b>4, 1
4>*48"H@D" Y55n).

B EJBB@DH F@ F8@D@FH\` REFEED & >"BD":,>4, REFDIR F$,04H F
&8:`R"H,:b. %ZN@*4H F@@$V,>4, @$ @T4$8, G?Q7! ?#=I9+=3a t2,
,F:4 & BD,*,:"N N@*", 2"*">>@(@ B"D"<,HD@< 722n SWLENGTHn >,
@VJV",H F$,( F &8:`R"H,:b (F@FH@b>4, 0 4>*48"H@D" Y55n).

C +F:4 F$,("b F &8:`R"H,:b (B@F:, B,D,N@*" 4>*48"H@D" Y55n 1ÿ0) &
BD,*,:"N N@*" ¼ZERODIS >"6*.HFb >J:,&@6 4<BJ:\F, H@(*" F@2*".HFb
F@@$V,>4, @$ @T4$8, G?Q7! ?#=I9+=3a t5. (]H@ F@@$V,>4, @$
@T4$8, F@2*".HFb B@H@<J, RH@ ,F:4 4<BJ:\F F:ZT8@< $:428@ >"N@*4HFb
8@ &8:`R"H,:`, 42-2" &@2<@0>@6 >,J&,D,>>@FH4 &8:`R,>4b 4>@(*" ̂ H@H
4<BJ:\F @2J2",HFb JBD"&:,>4,<, " 4>@(*" 4<BJ:\F @B"2*"&V46 >" @*4>
B,D4@*.)
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AD4R4>" F@@$V,>4b @$ @T4$8, G?Q7! ?#=I9+=3a
t3

]H@ F@@$V,>4, @$ @T4$8, JFHD">b,HFb H"84< @$D"2@<, RH@ >" B"D"<,HD
724n SWSHIFTn 2"B4F"& 2>"R,>4, B@*"R4, B@F:, F$,(" F@ &8:`R"H,:b J-
BD"&:,>4,< ,V. @HT"(",HFb D"FFH@b>4,, 2"*">>@, B"D"<,HD@< SW-
SHIFTn (8"8 $J*H@ J*:4>4:4 &8:`R"H,:\), 4 H@:\8@ B@F:, ^H@(@ 4V,H
>J:,&@6 4<BJ:\F.

D +F:4 >J:,&@6 4<BJ:\F >"6*.HFb &>, D"FFH@b>44 (B@F:, B,D,N@*"
4>*48"H@D" Y55n 1ÿ0) ¾  ZERODIS F$,(" F@ &8:`R"H,:b, H@(*" F@2*".HFb
F@@$V,>4, @$ @T4$8, G?Q7! ?#=I9+=3a t3. (]H@ F@@$V,>4, @$
@T4$8, F@2*".HFb B@H@<J, RH@ ,F:4 4<BJ:\F F:ZT8@< *":,8@ >"N@*4HFb
@H &8:`R"H,:b, 42-2" &@2<@0>@6 >,J&,D,>>@FH4 &8:`R,>4b 4>@(*" ̂ H@H
4<BJ:\F @2J2",HFb JBD"&:,>4,<, " 4>@(*" 4<BJ:\F D">>Z6 >" @*4>
B,D4@*.)

]H@ F@@$V,>4, @$ @T4$8, JFHD">b,HFb H"84< @$D"2@<, RH@ >" B"D"<,HD
724n SWSHIFTn 2"B4F"& 2>"R,>4, B@*"R4, B@F:, F$,(" F@ &8:`R"H,:b J-
BD"&:,>4,< ,V. @HT"(",HFb D"FFH@b>4,, 2"*">>@, B"D"<,HD@< SW-
SHIFTn (8"8 $J*H@ J*:4>4:4 &8:`R"H,:\), 4 H@:\8@ B@F:, ^H@(@ 4V,H
>J:,&@6 4<BJ:\F.

8 +F:4 @F@$"b H@R8" *">>@6 @F4, >"BD4<,D B@24P4b. 0°B@&@D@H>@(@ FH@:" >, F@-
&B"*",H B@:@0,>4,< >J:,&@(@ 4<BJ:\F", B"D"<,HD@< 716n REFSHIFTn <@0>@
F*&4>JH\ D,L,D,>H>J` H@R8J & 0,:",<J` B@24P4`. AD4 ^H@< B@F:,
>"N@0*,>4b >J:,&@(@ 4<BJ:\F" F@@H&,HFH&J`V"b @F\ @HT"(",H ̂ H@ D"FFH@b>4,
4 B@H@< D,(4FHD4DJ,HFb D,L,D,>H>"b H@R8".

9 % H@< F:JR",, 8@(*" 0,:",<, RH@$Z D,L,D,>H>"b H@R8" >, F@&B"*":" H@R8@6
>"R":" FH">@R>@6 F4FH,<Z 8@@D*4>"H, F<,V,>4, <@0>@ JFH">@&4H\
F@@H&,HFH&J`V4< B"D"<,HD@< 702n REFPOS1n.

7.3.2 AD@P,FF 4 JFH">@&8" BD4.<" B:"&"`V,6 D,L,D,>H>@6 H@R84 (FLOAT) 

E@@H&,HFH&J`V"b @F\ FH"&4HFb & 0,:",<J` B@24P4` @B,D"H@D@< & @*>@< 42 D,04<@&
DJR>@(@ B,D,<,V,>4b, B@H@< & D,04<, BD4.<" D,L,D,>H>@6 H@R84 >"0"& 8:"&4TJ
&Z$@D" >"BD"&:,>4b &Z$D">>@6 @F4 (8"8 BD4 B,D,<,V,>44 @F,6), ̂ HJ H@R8J FR4H",HFb
JBD"&:,>4,< 2" D,L,D,>H>@6 H@R8@6.



7.3 IFH">@&8" BD4.<" D,L,D,>H>@6 H@R84

129

AD@P,FF BD4.<" D,L,D,>H>@6 H@R84 B@ F,H@R>Z<
H@R8"<

A@ H,< @Fb<, (*, 0,:",< JFH">@&4H\ B:"&"`VJ` D,L,D,>H>J` H@R8J, & F@@H&,HFH&J`-
V46 B"D"<,HD FLOATn 2"B4F"H\ & 1.

7.3.3 AD@P,FF 4 JFH">@&8" BD4.<" D,L,D,>H>@6 H@R84 B@ F,H@R>Z< H@R8"< (GRID)

IBD"&:,>4, >"N@*4H B,D&Z6
>J:,&@6 4<BJ:\F F@ F8@D@F-
H\`, @BD,*,:.>>@6 B"D"<,H-
D@< REFEED 4 & >"BD"&:,>44,
@BD,*,:.>>Z< B"D"<,HD@<
REFDIR, 2"H,< @HT"(",H D"FF-
H@b>4,, @BD,*,:.>>@, B"D"-
<,HD@< REFSHIFT, 4 ^HJ H@R-
8J FR4H",H 2" D,L,D,>H>@6
H@R8@6.

1 %Z*,:4H\ B@ @Fb< 2"B@:>,>4,< B"D"<,HD" REFTYPEn, RH@ >" *">>@6 @F4
8"8@(@ H4B" BD4.<" D,L,D,>H>@6 H@R84 0,:",< @FJV,FH&4H\. A@ H,< @Fb<, B@
8@H@DZ< 0,:",< JFH">@&4H\ >"$,( >" D,L,D,>H>J` H@R8J B@ F,H@R>Z< H@R8"<,
F@@H&,HFH&J`V46 B"D"<,HD GRIDn 2"B4F"H\ & 1.

2 A@ &Z*,:.>>Z< @Fb< 2"B4F"H\ & 1 F@@H&,HFH&J`V4, B"D"<,HDZ 720n ZPULSn.
3 1"B4F"H\ B@ @Fb< >,@$N@*4<@, 2>"R,>4, 712n REFEEDn 4 718n REFDIRn.
4 1"B4F"H\ B@ @Fb< D"FFH@b>4, BD@,8P44 *&JN >J:,&ZN 4<BJ:\F@& >" FJBB@DH >"

B"D"<,HDZ 714n ZERODISn. ):b &D"V"`V4NFb @F,6, 4:4 ,F:4 0,:",<
42$,0"H\ F@@$V,>4, @$ @T4$8, G?Q7! ?#=I9+=3a t3, B"D"<,HD 2"B4F"H\
& 0.

5 1"BJFH4H\ BD4.< D,L,D,>H>@6 H@R84 B@ @Fb<, &Z*,:.>>Z< *:b ^H@(@. % N@*,
BD4.<" D,L,D,>H>@6 H@R84 &Z*".HFb F@@$V,>4, @$ @T4$8, G?Q7!
?#=I9+=3a t3, ,F:4 & BD,*,:"N *&@6>@(@ D"FFH@b>4b, 2"*">>@(@ B"D"<,HD@<
ZERODIS >, >"6*.HFb >J:,&@6 4<BJ:\F.

6 +F:4 @F@$"b H@R8" *">>@6 @F4, >"BD4<,D B@24P4b. 0°B@&@D@H>@(@ FH@:" >, F@&-
B"*",H B@:@0,>4,< >J:,&@(@ 4<BJ:\F", B"D"<,HD@< 716n REFSHIFTn <@0>@
F*&4>JH\ D,L,D,>H>J` H@R8J & 0,:",<J` B@24P4`. AD4 ^H@< B@F:,
>"N@0*,>4b >J:,&@(@ 4<BJ:\F" F@@H&,HFH&J`V"b @F\ @HT"(",H ̂ H@ D"FFH@b>4,
4 B@H@< D,(4FHD4DJ,HFb D,L,D,>H>"b H@R8".

7 % H@< F:JR",, 8@(*" 0,:",<, RH@$Z D,L,D,>H>"b H@R8" >, F@&B"*":" H@R8@6
>"R":" FH">@R>@6 F4FH,<Z 8@@D*4>"H, F<,V,>4, <@0>@ JFH">@&4H\
F@@H&,HFH&J`V4< B"D"<,HD@< 702n REFPOS1n.
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AD@P,FF 8@*4D@&">>@(@ B@ D"FFH@b>4` BD4.<" D,L,D,>H>@6
H@R84 

7.3.4 AD@P,FF 4 JFH">@&8" 8@*4D@&">>@(@ B@ D"FFH@b>4` BD4.<" D,L,D,>H>@6 H@R84
(DISCODED)

]H@H <,H@* BD4.<"
D,L,D,>H>@6 H@R-
84 BD4<,>4< &
F:JR", 4FB@:\2@&"-
>4b 8@*4D@&">>ZN
B@ D"FFH@b>4` 42-
<,D4H,:\>ZN D,,8
4 B@&@D@H>ZN *"H-
R48@&. AD4 ̂ H@< J-
BD"&:,>4, <@0,H
@BD,*,:4H\  B@
D"FFH@b>4` *&JN
F@F,*>4N >J:,&ZN
4<BJ:\F@&, RH@ &
8"8@6 "$F@:`H>@6
B@24P44 >"N@*4H-
Fb. ?HBD"&:b,HFb
F@ F8@D@FH\`, @BD,*,:.>>@6 B"D"<,HD@< REFEED 4 & >"BD"&:,>44, @BD,*,:.>>@< B"-
D"<,HD@< REFDIR, 4 @BD,*,:b,H F&@` B@24P4` B@F:, *,H,8H4D@&">4b *&JN >J:,&ZN
4<BJ:\F@&. A@F8@:\8J D"FFH@b>4, <,0*J >J:,&Z<4 4<BJ:\F"<4 >" D"2:4R>ZN 42<,-
D4H,:\>ZN BD4$@D"N <@0,H $ZH\ D"2:4R>@,, B@^H@<J FD,*>,, D"FFH@b>4, <,0*J >J:,-
&Z<4 4<BJ:\F"<4 >"*@ 2"*"&"H\ JBD"&:,>4` B"D"<,HD@< ZERODIS, 8@H@DZ6 & 4FB@:-
>,>44 B@ D4FJ>8J D"&,> 10000.

1 %Z*,:4H\ B@ @Fb< 2"B@:>,>4,< B"D"<,HD" REFTYPEn, RH@ >" *">>@6 @F4
8"8@(@ H4B" BD4.<" D,L,D,>H>@6 H@R84 0,:",< @FJV,FH&4H\. A@ H,< @Fb<, B@
8@H@DZ< 0,:",< JFH">@&4H\ 8@*4D@&">>Z6 B@ D"FFH@b>4` BD4.< D,L,D,>H>@6
H@R84, & F@@H&,HFH&J`V46 B"D"<,HD DISCODEDn 2"B4F"H\ & 1.

2 A@ &Z*,:.>>Z< @Fb< 2"B4F"H\ & 1 F@@H&,HFH&J`V4, B"D"<,HDZ 720n ZPULSn.
3 1"B4F"H\ B@ @Fb< >,@$N@*4<@, 2>"R,>4, 712n REFEEDn 4 718n REFDIRn.
4 1"B4F"H\ B@ @Fb< FD,*>,, D"FFH@b>4, <,0*J *&J<b >J:,&Z<4 4<BJ:\F"<4 B"-

D"<,HD"<4 714n ZERODISn. 
5 A"D"<,HD@< 724n BASDISTn F:,*J,H 2"*"&"H\ D"FFH@b>4, L48F4D@&">>ZN >J:,-

&ZN 4<BJ:\F@& & 2"&4F4<@FH4 @H B,D4@*" F4(>":" 42<,D4H,:\>@6 D,684.
6 1"BJFH4H\ BD4.< D,L,D,>H>@6 H@R84 B@ @Fb<, &Z*,:.>>Z< *:b ^H@(@. 

% N@*, BD4.<" D,L,D,>H>@6 H@R84 &Z*".HFb F@@$V,>4, @$ @T4$8, G?Q7! ?#-
=I9+=3a t3, ,F:4 & BD,*,:"N *&@6>@(@ D"FFH@b>4b, 2"*">>@(@ B"D"<,HD@<
ZERODIS >, >"6*.HFb >J:,&@6 4<BJ:\F. 
%Z*".HFb F@@$V,>4, @$ @T4$8, G?Q7! ?#=I9+=3a t6, ,F:4 *:b 4<BJ:\F@&
<,0*J *&J<b >J:,&Z<4 4<BJ:\F"<4 4<,,H <,FH@ F:,*J`V"b 2"&4F4<@FH\:
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ZERODISn MOD
ZERODISn

ZERODISn
500

1
4

500
500

3
4

∗ ≤ ≤ ∗
number of pulses 

(Number of pulses: R4F:@ 4<BJ:\F@&)
7 AD4>bH\ D,L,D,>H>J` H@R8J &$:424 @HD4P"H,:\>@(@ 8@>,R>@(@ B@:@0,>4b. 1"-

B4F"H\ & ^H@< B@:@0,>44 B@24P4` @F4, 8@H@DJ` >"2@&.< P@HD4P"H,:\>@<J.
A,D,<,V",<Fb &$:424 B@:@04H,:\>@(@ 8@>,R>@(@ B@:@0,>4b, BD4>bH\
D,L,D,>H>J` H@R8J, 4 2"B4F"H\ B@24P4` @F4, 8@H@DJ` >"2@&.<
PB@:@04H,:\>@<J. ):b 2"B4F">>ZN *&JN B@24P46 *@:0>Z J*@&:,H&@D4H\Fb
F:,*J`V4, 2"&4F4<@FH4:

PB@:@04H,:\>Z6 > P@HD4P"H,:\>Z6 
+F:4 2"&4F4<@FH\ &ZT, >, J*@&:,H&@Db,HFb, ̂ H@ @2>"R",H, RH@ 42<,D4H,:\>"b
D,68" @$@DJ*@&">" >" @$@D@H B@ FD"&>,>4` >,@$N@*4<@<J B@ *">>@6 @F4 >"-
BD"&:,>4`. % ̂ H@< F:JR", B@ *">>@6 @F4 & (DJBB, B"D"<,HD@& SERVO B"D"<,HD
432n EDIRn >"*@ 42<,>4H\ >" BD@H4&@B@:@0>Z6. % F:,*FH&4, ̂ H@(@, RH@$Z 42-
$,0"H\ B@:@04H,:\>J` @$D"H>J` F&b2\, & D"2X.<, *"HR48" >"*@ B@<,>bH\ B@*-
8:`R,>4b F4(>":@& A; –A. 

8 % H@< F:JR",, 8@(*" 0,:",<, RH@$Z D,L,D,>H>"b H@R8" (@*4> 8@>,P 42<,D4H,:\-
>@6 D,684) >, F@&B"*":" H@R8@6 >"R":" FH">@R>@6 F4FH,<Z 8@@D*4>"H, F<,V,-
>4, <@0>@ JFH">@&4H\ F@@H&,HFH&J`V4< B"D"<,HD@< 702n REFPOS1n.
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7.4 IFH">@&8" 8@>,R>ZN B@:@0,>46

7 JFH">@&8, 8@>,R>ZN B@:@0,>46 <@0>@ BD4FHJB"H\ B@F:, BD4.<" D,L,D,>H>@6 H@R-
84. IBD"&:,>4, <@0,H @$D"V"H\Fb *&J<b H4B"<4 8@>,R>ZN B@:@0,>46:

– F4(>":"<4 @$@DJ*@&">>ZN >" FH">@8 &8:`R"H,:,6 8@>,R>ZN B@:@0,>46,
– " H"80, 8@>,R>Z<4 B@:@0,>4b<4 F B"D"<,HD"<4.

%8:`R"H,:4, @$@DJ*@&">>Z, >" FH">@8 @$:"*"`H BD,4<JV,FH&@<, RH@ D"$@H@FB@F@$-
>Z 4 B,D,* BD4.<" D,L,D,>H>@6 H@R84, >"BD@H4& 8@>,R>ZN B@:@0,>46 F B"D"<,HD"-
<4, 8@H@DZ, *,6FH&4H,:\>Z H@:\8@ B@F:, BD4.<" D,L,D,>H>@6 H@R84, &,*\ BD,*B@:@-
(",HFb, RH@$Z *:b JBD"&:,>4b $Z:4 42&,FH>Z B@:@0,>4b FJBB@DH@& & "$F@:`H>@6
F4FH,<, 8@@D*4>"H. 
AD,4<JV,FH&@< 8@>,R>ZN B@:@0,>46 F B"D"<,HD"<4 b&:b,HFb H@, RH@ JBD"&:,>4,<
&@FBD4>4<",HFb H@, RH@ BD4$:40",HFb 8 8@>,R>@<J B@:@0,>4`, B@FH,B,>>@ J<,>\-
T",H B@*"RJ, 4 8@(*" *@N@*4H *@ *">>@6 H@R84, @FH">@&4HFb, >"BD@H4& &8:`R"H,:,6,
J 8@H@DZN 2"<,*:,>4, F@&,DT",HFb H@:\8@ B@F:, >"$,(" >" >,.. M@*, >,@$N@*4<Z6
*:b 2"<,*:,>4b, 42:4T>, @H$4D",H D"$@R,(@ BD@FHD">FH&" @H FH">8". )DJ(4<
BD,4<JV,FH&@< 8@>,R>ZN B@:@0,>46 F B"D"<,HD"<4 b&:b,HFb H@, RH@ & JBD"&:,>4,
&FHD@,>" H"8 >"2Z&",<"b 8@>HD@:\>"b LJ>8P4b 8@>,R>@(@ B@:@0,>4b B,D,* *&40,-
>4,<, 8@H@D"b BD4&@*4HFb & *,6FH&4, F@FH@b>4,< 1 B"D"<,HD" 3163 CHBFMOVE. AD4
^H@< &@ &D,<b &ZB@:>,>4b BD@(D"<<Z, B,D,* 2"BJF8@< BD,*:@0,>4b *&40,>4b
BD@&,Db,HFb JBD"&:,>4,<, RH@ 8@@D*4>"H" 8@>,R>@6 H@R84 BD,*:@0,>4b >, B@B"*",H
:4 &>, BD,*,:@& 8@>,R>ZN B@:@0,>46, 4:4 &@ &>JHD H,DD4H@D44, 2"BD,V.>>@6
@BD,*,:,>4,< BD@(D"<4FH". +F:4 *", *"0, >, 2"BJF8",HFb BD,*:@0,>4,, " &Z*".HFb
F@@$V,>4, @$ @T4$8, 3056 7?=+Q=?+ A?9?/+=3+, 4:4 3057 1!AC+U-==!a
1?=!.
)&" D"2>Z, D,T,>4b <@0>@ BD4<,>4H\ 4 B"D"::,:\>@. ]H4< D,T,>4,< FJ<<4DJ`HFb
BD,4<JV,FH&" >"$:`*,>4,b 2" 8@>,R>Z<4 B@:@0,>4b<4 *&JN H4B@&. A@*&@*b 4H@(,
P,:,F@@$D"2>@ &F,(*" JFH">@&4H\ 8@>,R>Z, B@:@0,>4b F B"D"<,HD"<4, *"0, H@(*",
,F:4 FH">8, 4<,`HFb &8:`R"H,:4 8@>,R>ZN B@:@0,>46.

7.4.1 IFH">@&8" 8@>,R>ZN B@:@0,>46 &8:`R"H,:b<4

A@ @Fb< *&" &8:`R"H,:b 8@>,R>@(@ B@:@0,>4b HD,$J,HFb, @*4> & @HD4P"H,:\>@< >"-
BD"&:,>44 4 @*4> - & B@:@04H,:\>@<. E@FH@b>4, &8:`R"H,:,6 8@>,R>@(@ B@:@0,>4b
@HD4P"H,:\>@(@ >"BD"&:,>4b >"*@ F8@B4D@&"H\ & BD@(D"<<, PLC >" 4>*48"H@DZ
Y57n, " B@:@04H,:\>ZN - >" 4>*48"H@DZ Y56n. =J0>@ F:,*4H\ 2" H,<, RH@ F@FH@b>4,
1 4>*48"H@D@& @2>"R",H, RH@ @F\ & 8"8@<-H@ >"BD"&:,>44 >"N@*4HFb & 8@>,R>@<
B@:@0,>44. 
%8:`R"H,:4 8@>,R>@(@ B@:@0,>4b <@0>@ 4FB@:\2@&"H\ 4 & 8"R,FH&, &8:`R"H,:,6 D,-
L,D,>H>ZN H@R,8. % ̂ H@< F:JR", & D,04<, BD4.<" D,L,D,>H>@6 H@R84 (Y400=1) >,:\-
2b F8@B4D@&"H\ B@:@0,>4, &8:`R"H,:,6 8@>,R>ZN B@:@0,>46 >" 4>*48"H@DZ 8@>,R-
>ZN B@:@0,>46, 4>"R, JBD"&:,>4, &Z*".H F@@$V,>4, @$ @T4$8, 8@>,R>@(@ B@:@0,-
>4b. AD4 ̂ H@< BD4.< D,L,D,>H>@6 H@R84 H"8 >"*@ JFH">@&4H\, RH@$Z B@F:, >"$,(" >"
&8:`R"H,:\ @F\ 42<,>4:" >"BD"&:,>4, 4 H"8 B@84>J:" &8:`R"H,:\.
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7.4.2 IFH">@&8" 8@>,R>ZN B@:@0,>46 F B"D"<,HD"<4

 L %>4<">4,! +F:4 42<,>4H\ B"D"<,HDZ 702n REFPOSn, 4:4 716n REFSHIFTn B@F:,
JFH">@&84 8@>,R>ZN B@:@0,>46 F B"D"<,HD"<4, 8@>,R>Z, B@:@0,>4b F B"D"-
<,HD"<4 *@:0>Z $ZH\ F>@&" 2"<,D4H\. 

1 A"D"<,HDZ LIMBIT1n 2"B4F"H\ & 0, RH@$Z >, $Z:@ D"2D,T,>@ >"$:`*,>4, 2"
8@>,R>Z<4 B@:@0,>4b<4 BD@(D"<<>@(@ @$,FB,R,>4b.

2 C,L,D,>H>J` H@R8J BD4>bH\ &F,(*" *:b 8"0*@6 @F4.
3 I*":4H\ &F, 8@DD,8P44 B@ *:4>, 4 F<,V,>4, >J:,&@6 H@R84, *":,, *:b F>bH4b

B@24P46 4FB@:\2@&"H\ 42@$D"0,>4, ^8D">" EG!=?Q=!a A?13O3a.
4 A@ @Fb< B,D,<,V"H\Fb & B@:@04H,:\>@< >"BD"&:,>44 *@ 8D"b D"$@R,6 2@>Z.

A@24P44, &4*>Z, >" 4>*48"H@D, FH">@R>@6 F4FH,<Z 8@@D*4>"H 2"B4F"H\ & BD4-
D"V,>4, &&@*" (H@ ,FH\ &4*>Z, >" 4>*48"H@D, 2>"R,>4b $,2 *,FbH4R>@6 2"Bb-
H@6) & B"D"<,HDZ LIMP1n. 

5 A@ @Fb< B,D,<,V"H\Fb & @HD4P"H,:\>@< >"BD"&:,>44 *@ 8D"b D"$@R,6 2@>Z.
A@24P44, &4*>Z, >" 4>*48"H@D, FH">@R>@6 F4FH,<Z 8@@D*4>"H 2"B4F"H\ & BD4-
D"V,>4, &&@*" & B"D"<,HDZ LIMN1n. 

6 A@ H,< @Fb<, B@ 8@H@DZ< 0,:",< 2"*,6FH&@&"H\ >"$:`*,>4, 2" 8@>,R>Z<4 B@-
:@0,>4b<4 BD@(D"<<>@(@ @$,FB,R,>4b, 2"B4F"H\ B"D"<,HD LIMBIT1n & 1. ="-
R4>"b F ̂ H@(@ B@ ̂ H4< @Fb< *,6FH&J,H 8@>,R>@, B@:@0,>4, BD@(D"<<>@(@ @$,F-
B,R,>4b.

7 A,D,<,V"bFb B@ &F,< @Fb< & @$" >"BD"&:,>4b, BD@&,D4H\ BD"&4:\>@FH\ JFH"-
>@&84 8@>,R>@(@ B@:@0,>4b.

L %>4<">4,: A@ (:"&>Z< @Fb< X, Y, Z, &Z*,:b`V4< 2@>J, F:,*J,H 2"<,D4H\ 4 2"B4-
F"H\ 8@>,R>Z, B@:@0,>4b & B"D"<,HDZ LIMP1, LIMN1 *"0, H@(*", ,F:4 B@ ̂ H4<
@Fb< >, D"2D,T",HFb >"$:`*,>4, 2" 8@>,R>Z< B@:@0,>4,< B"D"<,HD"<4 LIM-
BIT1. ]H@ >,@$N@*4<@ B@H@<J, RH@ (D"L4R,F8"b 4>*48"P4b $,D.H 2" D"$@R,6 2@-
>@6 *">>Z,, 2"B4F">>Z, B"D"<,HD"<4 LIMP1, LIMN1.



7.5 7@<B,>F"P4b <,N">4R,F8@6 >,4FBD"&>@FH4 FH">8"

134

n
LIMP n LIMN n

PTCHGRDn
=

−⎡
⎣⎢

⎤
⎦⎥
+

1 1
1

7.5 7@<B,>F"P4b <,N">4R,F8@6 >,4FBD"&>@FH4 FH">8"

):b 8@<B,>F"P44 <,N">4R,F8@6 >,4FBD"&>@FH4 FH">8" JBD"&:,>4, 4<,,HFb *&, &@2-
<@0>@FH4:

– 8@<B,>F"P4b @T4$84 F<,>Z >"BD"&:,>4b, 4 
– 8@<B,>F"P4b B@(D,T>@FH4 T"(" D,2\$Z

7.5.1 7@<B,>F"P4b @T4$84 F<,>Z >"BD"&:,>4b

32<,D4H\ B@ @Fb< @T4$8J F<,>Z >"BD&:,>4b FH">8" 4 2"B4F"H\ & (DJBB, B"D"<,HD@&
COMMON & F@@H&,HFHJ`V46 B"D"<,HD 110n BCKLSHn. ?T4$8J F<,>Z >"BD&:,>4b
>"*@ 2"*"&"H\ & BD4D"V,>44 &&@*".

7.5.2 IFH">@&8" 8@<B,>F"P44 B@(D,T>@FH4 T"(" D,2\$Z

% P,:bN 8@<B,>F"P44 B@(D,V>@FH4 T"(" D,2\$Z0.:@$" T"D48@&@(@ &4>H" FH@4H >"
D"FB@Db0,>4, B@:\2@&"H,:b & >"8@B4H,:, B"D"<,HD@& *:b 900 8@<B,>F"P4@>>ZN bR,-
6,8. ]H@ 900 8@<B,>F"P4@>>ZN bR,6,8 *,:bHFb B@:\2@&"H,:,< B@ F&@,<J JF<@HD,>4`
<,0*J @H*,:\>Z<4 @Fb<4, F B@<@V\` B"D"<,HD@&, @H>@FbV4NFb 8 (DJBB, B"D"<,HD@&
PTCHCMP. A@F8@:\8J B@(D,V>@FH\ T"(" D,2\$Z-0.:@$" T"D48@&@(@ &4>H" >, H@R>@
@*4>"8@& & B@:@04H,:\>@< 4 @HD4P"H,:\>@< >"BD"&:,>4bN, B@^H@<J &@2<@0>@
8@<B,>F"P4b *&JN >"BD"&:,>46 >,2"&4F4<@ *DJ( @H *DJ(", RH@ 2"@*>@ B@2&@:b,H 4
8@<B,>F"P4` F<,>Z >"BD"&:,>4b, 2"&4F4<@6 @H <,FH". A@^H@<J BD4N@*4HFb
BD@<,D4H\ 8"0*J` @F\ 4 8@<B,>F4D@&"H\ & B@:@04H,:\>@<, " B@H@< 4 @HD4P"H,:\>@<
>"BD"&:,>44 *&40,>4b.

1 AD,0*,, R,< BD4FHJB"H\ 8 8@<B,>F"P44, F:,*J,H BD"&4:\>@ 2"B@:>4H\ F:,*J`-
V4, B"D"<,HDZ, *":,, BD4&@*4H\ & *,6FH&4, F:,*J`V4N: BD4&,*,>4, & *,6FH-
&4, &F,N F,D&@, JFH">@&8" BD4.<" D,L,D,>H>@6 H@R84, JFH">@&8" 8@>,R>ZN B@-
:@0,>46 BD@(D"<<>@(@ @$,FB,R,>4b, 8@<B,>F"P4b @T4$84 F<,>Z >"BD"&:,-
>4b (B"D"<,HDZ BCKLSH).

2 I*":4H\ &F, F<,V,>46 >J:,&@6 H@R84 2"(@H@&84 4 2>"R,>46 8@DD,8P46 4>FHDJ-
<,>H", *:b H@(@, RH@$Z <@(:4 D"$@H"H\ R4FH@ & FH">@R>@6 F4FH,<, 8@@D*4>"H.

3 AD4>bH\ D,T,>4,, RH@ B@ 8"8@6 @F4 0,:",< 8@<B,>F4D@&"H\, 4 *:b H,N @F,6
D"2D,T4H\ 8@<B,>F"P4` B@ F@@H&,HFH&J`V,<J B"D"<,HDJ PTCHENn.

4 ?BD,*,:4H\, 8"8"b *@:0>" $ZH\ T4D4>" bR,6,8 8@<B,>F"P44 B@ @H*,:\>Z<
@Fb<. ]H4 >"*@ 2">,FH4 B@ F@@H&,HFH&J`V,<J B"D"<,HDJ PTCHGRDn. 
M@* @H*,:\>ZN @F,6 B@:JR",HFb 8"8 D"2>4P" B"D"<,HD@& 8@>,R>ZN B@:@0,>46
LIMP1n ) LIMN1n. E B@<@V\` BD4&,*,>>@6 >40, 2"&4F4<@FH4 <@0>@ &ZR4F-
:4H\, RH@ B@ *">>@6 @F4 F8@:\8@ 2>"R,>46 8@<B,>F"P46 (B"D"<,HD PTCH-
VALnnn) $J*,< 4FB@:\2@&"H\:

5 ?BD,*,:4H\, RH@ bR,68" 8@<B,>F"P44 (>@<,D nnn B"D"<,HD" PTCHVALnnn) B@*
8"84< >@<,D@< @H>@F4HFb 8 D,L,D,>H>@6 H@R8, & B@:@04H,:\>@< 4 @HD4P"-
H,:\>@< >"BD"&:,>44. 1"B4F"H\ >@<,D bR,6,8 & F@@H&,HFH&J`V46 B"D"<,HD
PTCHRFPn 4 PTCHRFNn.

6 E@FH"&4H\ BD@(D"<<J, 8@H@D"b B,D,<,V",H 8@<B,>F4DJ,<J` @F\ 4 & B@:@04-
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H,:\>@< 4 & @HD4P"H,:\>@< >"BD"&:,>44 @H 8@>,R>@(@ B@:@0,>4b *@ 8@>,R>@-
(@ B@:@0,>4b. A@F<@HD4< F:,*J`VJ` BD@(D"<<J. A@24P4b D,L,D,>H>@6 H@R-
84 300 << (REFPOS11=3000000), 8@>,R>@, B@:@0,>4, & B@:@04H,:\>@< >"BD"&-
:,>44 310.1 << (LIMP11=310100), & @HD4P"H,:\>@< >"BD"&:,>44 )130.2<<
(LIMN11= )130200), " T4D4>" &Z$D">>@6 bR,684 8@<B,>F"P44 PTCHGRD1=10
<<:

%O7000(PITCH COMPENSATION)
G28 XI0
G0 X310 (B,D&"b B@24P4b & @HD4P"H,:\>@< >"BD"&:,>44)
X300
X290
X280
X270
X260
X250
X240
X230
X220
X210
X200
X190
X180
X170
X160
X150
X140
X130
X120
X110
X100
X90
X80
X70
X60
X50
X40
X30
X20
X10
X0
X-10
X-20
X-30
X-40
X-50
X-60
X-70
X-80
X-90
X-100
X-110
X-120
X-130 (B@F:,*>bb B@24P4b & @HD4P"H,:\>@< >"BD"&:,>44 ,FH\ B,D&"b

B@24P4b & B@:@04H,:\>@<)
X-120
X-110
X-100
X-90
X-80
X-70
X-60
X-50
X-40
X-30
X-20
X-10
X0
X10
X20
X30
X40
X50
X60
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X70
X80
X90
X100
X110
X120
X130
X140
X150
X160
X170
X180
X190
X200
X210
X220
X230
X240
X250
X260
X270
X280
X290
X300
X310 (B@F:,*>bb B@24P4b & B@:@04H,:\>@< >"BD"&:,>44)
M30
%

7 %ZB@:>4H\ BD@(@> BD4&,*,>>@6 &ZT, BD@(D"<<Z & "&H@<"H4R,F8@< D,04<,,
&ZB@:>bb B@BD,*:@0,>4b<. % 8@>P, 8"0*@(@ BD,*:@0,>4b 2"B4F"H\ & H"$:4PJ
>@<4>":\>J` B@24P4` @F4 X, F>bHJ` F 4>*48"H@D" B@24P44 JBD"&:,>4b, 4
L"8H4R,F8J` B@24P4` @F4 X, F>bHJ` F 42<,D4H,:\>@(@ FD,*FH&" (="BD4<,D :"-
2,D>Z6 4>H,DL,D@<,HD).

>@<4>":\-
>"b B@24P4b

Xn:

"8HJ":\>"b
B@24P4b Xa:

D=Xa – Xn PTCHVAL >J-
<,D"P4b (-)

2>"R.
C (-)

PTCHVAL
>J<,D"P4b (+)

2>"R.
C (+)

2"<,R">4,

300,000 300,000 0,000 D,L,D,>H>"b
H@R8"

310,000 309,994 -0,006 201 -12 @HF`*" >"R4-
>",HFb 42<,D,-
>4, @HD4P"-
H,:\>@(@ >"-
BD"&:,>4b.

K@D<J:", @-
BD,*,:b`V"b
i->@, 2>"R,>4,
8@<B,>F"P44
(Ci):

Ci=(Di–Di–1)*
*2000

300,000 300,005 0,005 200 22 
290,000 290,008 0,008 199 6 
280,000 280,014 0,014 198 12 
270,000 270,021 0,021 197 14 
260,000 260,022 0,022 196 2 
250,000 250,040 0,040 195 36 
240,000 240,039 0,039 194 -2 
230,000 230,041 0,041 193 4 
220,000 220,048 0,048 192 14 
210,000 210,051 0,051 191 6 
200,000 200,068 0,068 190 34 
190,000 190,071 0,071 189 6 
180,000 180,072 0,072 188 2 
170,000 170,080 0,080 187 16 
160,000 160,087 0,087 186 14 
150,000 150,093 0,093 185 12 
140,000 140,100 0,100 184 14 
130,000 130,104 0,104 183 8 
120,000 120,108 0,108 182 8 
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>@<4>":\-
>"b B@24P4b

Xn:

"8HJ":\>"b
B@24P4b Xa:

D=Xa – Xn PTCHVAL >J-
<,D"P4b (-)

2>"R.
C (-)

PTCHVAL
>J<,D"P4b (+)

2>"R.
C (+)

2"<,R">4,
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110,000 110,119 0,119 181 22 
100,000 100,119 0,119 180 0 

90,000 90,130 0,130 179 22 
80,000 80,135 0,135 178 10 
70,000 70,146 0,146 177 22 
60,000 60,146 0,146 176 0 
50,000 50,154 0,154 175 16 
40,000 40,158 0,158 174 8 
30,000 30,170 0,170 173 24 
20,000 20,171 0,171 172 2 
10,000 10,180 0,180 171 18 

0,000 0,187 0,187 170 14 
-10 -9,808 0,192 169 10 
-20 -19,802 0,198 168 12 
-30 -29,791 0,209 167 22 
-40 -39,791 0,209 166 0 
-50 -49,782 0,218 165 18 
-60 -59,775 0,225 164 14 
-70 -69,771 0,229 163 8 
-80 -79,759 0,241 162 24 
-90 -89,754 0,246 161 10 

-100 -99,745 0,255 160 18 
-110 -109,744 0,256 159 2 
-120 -119,734 0,266 158 20 
-130 -129,725 0,275 157 18 57 28 8@>,P 42<,D,-

>4b & @HD4P"-
H,:\>@< >"-
BD"&:,>44 >"-
R":@ 42<,D,-
>4b & B@:@04-
H,:\>@< >"-
BD"&:,>44 

-120 -119,739 0,261 58 8 
42<,D,>4, &
B@:@04H,:\-
>@< >"BD"&:,-
>44

K@D<J:", @-
BD,*,:b`V"b
j->@, 2>"R,>4,
8@<B,>F"P44:

Cj=(Dj–Dj+1)*
*2000

-110 -109,743 0,257 59 22 
-100 -99,754 0,246 60 2 

-90 -89,755 0,245 61 14 
-80 -79,762 0,238 62 20 
-70 -69,772 0,228 63 4 
-60 -59,774 0,226 64 16 
-50 -49,782 0,218 65 16 
-40 -39,79 0,210 66 10 
-30 -29,795 0,205 67 24 
-20 -19,807 0,193 68 6 
-10 -9,81 0,190 69 14 
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>@<4>":\-
>"b B@24P4b

Xn:

"8HJ":\>"b
B@24P4b Xa:

D=Xa – Xn PTCHVAL >J-
<,D"P4b (-)

2>"R.
C (-)

PTCHVAL
>J<,D"P4b (+)

2>"R.
C (+)

2"<,R">4,
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0,000 0,183 0,183 70 12 
10,000 10,177 0,177 71 6 
20,000 20,174 0,174 72 14 
30,000 30,167 0,167 73 18 
40,000 40,158 0,158 74 6 
50,000 50,155 0,155 75 20 
60,000 60,145 0,145 76 4 
70,000 70,143 0,143 77 24 
80,000 80,131 0,131 78 2 
90,000 90,130 0,130 79 20 

100,000 100,120 0,120 80 8 
110,000 110,116 0,116 81 6 
120,000 120,113 0,113 82 22 
130,000 130,102 0,102 83 4 
140,000 140,100 0,100 84 22 
150,000 150,089 0,089 85 14 
160,000 160,082 0,082 86 10 
170,000 170,077 0,077 87 6 
180,000 180,074 0,074 88 24 
190,000 190,062 0,062 89 -2 
200,000 200,063 0,063 90 12 
210,000 210,057 0,057 91 16 
220,000 220,049 0,049 92 14 
230,000 230,042 0,042 93 12 
240,000 240,036 0,036 94 12 
250,000 250,030 0,030 95 12 
260,000 260,024 0,024 96 8 
270,000 270,020 0,020 97 4 
280,000 280,018 0,018 98 10 
290,000 290,013 0,013 99 8 
300,000 300,009 0,009 100 22 
310,000 309,998 -0,002 101 -4 

550 550 FJ<<" 2>"R,-
>46 8@<B,>F"-
P46

8 %ZR4F:4H\ D"2>4PJ D <,0*J "8HJ":\>Z<4 (Xa) 4 >@<4>":\>Z<4 B@24P4b<4
(Xn) & D"2:4R>ZN B@24P4bN. 1"B4F"H\ & H"$:4PJ >@<,D" bR,6,8 8@<B,>F"P44 4
& B@:@04H,:\>@< 4 @HD4P"H,:\>@< >"BD"&:,>44 (PTCHVAL >J<,D"P4b ()), "
H"80, PTCHVAL >J<,D"P4b (+) FH@:$Z).
AD4 *&40,>44 & @HD4P"H,:\>@< >"BD"&:,>44 >" @F>@&">44 H"$:4PZ &ZT, 2>"-
R,>4, 8@<B,>F"P44, 2"B4FZ&",<@, & i->J` bR,68J:

Ci=(Di–Di–1)*2000
" BD4 *&40,>44 & B@:@04H,:\>@< >"BD"&:,>44:
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Cj=(Dj–Dj+1)*2000
;>@04H,:\ 2000, L4(JD4DJ`V46Fb & L@D<J:,, BD,*B@:@(",H <,HD4R,F8J` F4F-
H,<J <,D (INCHDET=0), D"2D,T,>4, 0.001 << (INCRSYSTB=1) (1000), " <>@04-
H,:\ 2 J8"2Z&",H >" H@, RH@ 2>"R,>4b 8@<B,>F"P44 B@>4<"`HFb & F4FH,<, <,D
&Z&@*" (0.5 :m).

9 %ZR4F:,>>@, 2>"R,>4b 8@<B,>F"P44 & F@@H&,HFH&J`V46 B"D"<,HD PTCHVAL-
nnn.

7.5.3 1"*"R" 4 JFH">@&8" LJ>8P44 JF8@D,>4b F<,>Z >"BD"&:,>4b

+F:4 >" *">>@< FH">8, 2"2@D F<,>Z >"BD"&:,>4b 4
HD,>4, FP,B:,>4b F:ZT8@< &,:484, BD4 @$D"$@H8,
B@ *J(, B@F:, F<,>Z R,H&,DH4 B:@F8@FH4 B@b&bHFb
&ZBJ8:@FH4 & L@D<, @8DJ0>@FH4, H@ ,FH\ D"*4JF @-
8DJ0>@FH4 J&,:4R4&4HFb.
+F:4 F4FH,<" <,D, BD4<,>.>>"b >" FH">8, b&:b,HFb
8@F&,>>@6, H@ ,FH\ BD4<,>b,HFb B@&@D@H>Z6 *"H-
R48, 4F8"0,>4, L@D<Z <@0>@ JFHD">4H\ 8@<B,>-
F"P4,6 2"2@D" F<,>Z >"BD"&:,>4b (B"D"<,HD
BCKLSHn) 4 HD,>4b FP,B:,>4b.
+F:4 F4FH,<" <,D, BD4<,>.>>"b >" FH">8, b&:b,HFb
>,B@FD,*FH&,>>@6, H@ ,FH\ BD4<,>b,HFb 42<,D4-
H,:\>"b D,68", F<,>J >"BD"&:,>4b, H@ ,FH\ B@8"
("68" F @*>@6 FH@D@>Z >" *DJ(J` FH@D@>J :b0,H, >,:\2b JFHD">4H\ J8"2">>Z< &ZT,
@$D"2@<. % ̂ H@< F:JR", &Z*"R,6 @F>@&>Z< F4(>":" F8@D@FH4 ("68J BD4*.HFb BD@H@:8-
>JH\ >" *DJ(J` FH@D@>J. ]H@ >"2Z&",HFb LJ>8P4,6 JF8@D,>4b F<,>Z >"BD"&:,>4b. 

 L 1"<,R">4,: KJ>8P4,6 JF8@D,>4b F<,>Z >"BD"&:,>4b <@0>@ B@:\2@&"H\Fb H@:\8@
& F:JR", BD4<,>,>4b >,B@FD,*FH&,>>@6 F4FH,<Z <,D (42<,D4H,:\>"b D,68").
% F:JR", BD4<,>,>4b 8@F&,>>ZN FD,*FH& 42<,D,>4b (B@&@D@H>Z6 *"HR48) 2"2@D
F<,>Z >"BD"&:,>4b >"*@ JFH">@&4H\ (B"D"<,HDZ BCKLSH)!

1. 1"BD@(D"<<4D@&"H\ B@:>J` @8DJ0>@FH\ F
*4"<,HD@< D=100 << BD4>bH\ *4"(D"<<J 4F-
8"0,>4b L@D<Z @8DJ0>@FH4 F B@*"R,6 F500
<</@$. A@F:, B,D,N@*@& R,H&,DH,6 B:@F8@FH4
42<,D4H\ &,:4R4>J &ZBJ8:@FH,6. %ZBJ8-
:@FH\ - ̂ H@ F:,*FH&4, 2"2@D" F<,>Z >"BD"&:,-
>4b 4 HD,>4b FP,B:,>4b.

2. AD4F&@,>4,< 2>"R,>4b *:b BLACCEN=1 D"2-
D,T",< LJ>8P4` JF8@D,>4b F<,>Z >"BD"&-
:,>4b. 1"*"&"H\B"D"<,HDJ JF8@D,>4b 4 &D,-
<b JF8@D,>4b >"R":\>@, 2>"R,>4,, >"BD4-
<,D: BLACCAMT=300 4 BLACCPER=100
(<F,8). %F:,*FH&4, ^H@(@ BD4 F<,>, >"BD"&-
:,>4b F4(>": JF8@D,>4b, *,6FH&J`V46 *@ JFH">@&:,>>@(@ &D,<,>4 *@:0,> BD@-
H@:8>JH\ ("68J >" *DJ(J` FH@D@>J.

3. E@(:"F>@ JF:@&4b<, B,D,R4F:,>>Z< & BJ>8H, 1. AD4>bH\ F>@&" *4"(D"<<J 4F8"-
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0,>4b L@D<Z @8DJ0>@FH4. +F:4 <,D" 4F8"0,>4b J<,>\T4HFb, >@ ^H@ ,V. >,
BD4,<:,<Z6 D,2J:\H"H, B"D"<,HDZ BLACCAMT 4 BLACCPER F:,*J,H *":\T,
J&,:4R4&"H\. +F:4 B"D"<,HDZ, JFH">@&:,>>Z, & BD,*Z*JV,< BJ>8H,, F:ZT8@<
&,:484, <@0,H >"FHJB4H\ F&,DN8@<B,>F"P4b, RH@ &ZD"0",HFb & D,28@< J<,>\-
T,>44 D"*4JF" @8DJ0>@FH4, H@ ,FH\ >" *4"(D"<<, B@8"0,HFb &D,2">4,.

4. )4"(D"<<J 4F8"0,>4, L@D<Z @8DJ0>@FH4 &ZT, BD4>bH\ 4 2>"R,>4b<4 B@*"R4
F100 4 F1000. +F:44F8"0,>4, @8DJ0>@FH4 >, J*"FHFb <4>4<":424D@&"H\ B"D"-
<,HD"<4 BLACCAMT 4 BLACCPER, D"2D,T",< 2"&,DT,>4, JF8@D,>4b F<,>Z
>"BD"&:,>4b >" @F>@&">44 F@&,DT,>>@(@ N@*" BD4F&@,>4,< 2>"R,>4b
BLACCSP=1 4 *"*4< >"R":\>@, 2>"R,>4, F@&,DT,>>@<J N@*J, >"BD4<,D:
BLACCDIST=5.

5. % *":\>,6T,< 42<,>,>4,< J0, HD.N B"D"<,HD@&:&,:4R4>Z JF8@D,>4b F<,>Z
>"BD"&:,>4b (BLACCAMT), &<,<,>4 JF8@D,>4b F<,>Z >"BD"&:,>4b
(BLACCPER) 4 F@&,DT,>>@(@ N@*" (BLACCDIST) <@0>@ @BH4<424D@&"H\ L@D<J
@8DJ0>@FH4. (AD4 >4284N B@*"R @FH">@&8J JF8@D,>4b F@&,DT",HFb :JR\T, >"
F@>@&">44 &D,<,>4, " BD4 &ZF@84N B@*"R - >" F@>@&">44 F@&,DT,>>@(@ N@*".)

7.5.4 7@<B,>F"P4b HD,>4b FP,B:,>4b

1. A,D,<,V"H\Fb 0,:",<@6 JFH">@&4H\ @F\` & 8"8@<-H@ >"BD"&:,>44, 2"H,<
0*"H\ >,<>@(@, RH@$Z FP,B:,>4, F<@( *,6FH&@&"H\. IFH">@&4H\ >" FJBB@DH
4>*48"H@D R"F@&@(@ H4B" *:b 42<,D,>4b B,D,<,V,>46. A,D,<,V"b & H@ 0,
>"BD"&:,>4,, T"("H\ F 4>8D,<,>HZ< *&40,>4,< @F\` 10, 4:4 100 4>8D,<,>H@&.
+F:4 FJBB@DH >, @HT"(",H 0,:",<@, 2>"R,>4,, 4<,,H <,FH@ BD4:4B">4,.

2. AD4F&@,>4,< 2>"R,>4b SFRCMPEN=1 D"2D,T",< 8@<B,>F"P4` HD,>4b FP,B:,-
>4b. IFH">@&4H\ &,:4R4>J 8@<B,>F"P44 HD,>4b FP,B:,>4b, >"BD4<,D:
SFRCMPAMT=100. 7@<B,>F"P4b HD,>4b FP,B:,>4b *,6FH&J,H H@:\8@ H@(*", ,F-
:4 *">>"b @F\ @FH".HFb & FH@bR,< F@FH@b>44 *@:\T, &D,<,>4, JFH">@&:,>>@(@
B"D"<,HD@< SPSTPER, H@ ,FH\ 2" ̂ H@ &D,<b FJBB@DH BD4:4B",H, 2>"R4H, H@:T4>"
<"F:b>@6 B:.>84 J<,>\T4HFb. %D,<b JFH">"&:4&",HFb & ,*4>4P"N <F,8. +F:4
&D,<b &Z$D"H\ F:ZT8@< 8@D@H84<, BD4 >4284N B@*"R 8@<B,>F"P4b <@0,H 2"-
D"$@H"H\. AJFH\ $J*,H 4FN@*>@, 2>"R,>4, >"BD4<,D: SPSTPER=500 <F,8.

3. E@(:"F>@ 42:@0,>>Z< & BJ>8H, 1. 42<,D4H\ @BbH\ HD,>4,. +F:4 >"FHJB4H F&,DN-
8@<B,>F"P4b, H@ ,FH\ >"$:`*",HFb B,D,D,(J:4D@&">4, B@F:, 8@<B,>F"P44, 4
2>"R,>4, SFRCMPAMT J0, >,:\2b J<,>\T4H\, F:,*J,H D"2D,T4H\ @FH">@&8J
8@<B,>F"P44 B@ F@&,DT,>>@<J N@*J, BD4F&@,>4,< 2>"R,>4b SFRCMPSP=1. A"-
D"<,HDJ F@&,DT,>>@(@ N@*" *"H\ >"R":\>@, 2>"R,>4, SFRCMPDIST=5, RH@ @2>"-
R",H 5 4>8D,<,>H@&.
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7.6 IFH">@&8" B"D"<,HD@& TB4>*,:b

):b JFH">@&84 B"D"<,HD@&, @H>@FbV4NFb 8 TB4>*,:`, FB,D&" >,@$N@*4<@ B@*(@H@-
&4H\ BD@(D"<<J PLC 8 @$D"V,>4` TB4>*,:,<. 
+F:4 TB4>*,:\ @$@DJ*@&"> *"HR48@<, F:,*J,H BD4>bH\ D,T,>4, @ H@<, RH@ $,D.HFb
:4 JBD"&:,>4,< F4(>":, BD@42&,*,>>Z6 F 4>*48"H@D" I657 4 I656, RH@ TB4>*,:\ FH@4H
(n=0) 4 TB4>*,:\>"$D": @$@D@HZ (n=nS), :4$@ @$D"V",HFb F4(>":@<, B@:JR,>>Z< @H
BD4&@*".

7.6.1 IFH">@&8" TB4>*,:b

AD4&,*,>>@, >40, @B4F">4, FFZ:",HFb &F,(*" >" TB4>*,:\ m1. +F:4 4FB@:\2J,HFb
4 TB4>*,:\ m2, N@* BD@P,FF" :@(4R,F84 H@H 0, F"<Z6.

1 +F:4 TB4>*,:\ @$@DJ*@&"> *"HR48@<, 2"B4F"H\ & B"D"<,HD 5023 ENCODERS1
D"2D,T,>4, B@&@D@H>@(@ *"HR48", @$@DJ*@&">>@(@ >" TB4>*,:\, *":,, & (DJBB,
B"D"<,HD@& E+C%? *:b B"D"<,HD" 4449 AXISTS1 2"B4F"H\ 1.
+F:4 >" TB4>*,:, >,H *"HR48", 0*b @$@4N B"D"<,HD@& 2"B4F"H\ 0.

2 +F:4 &&@* TB4>*,:b P4LD@&@6, 2"B4F"H\: 4869 DIGITALS1=1.
3 % B"D"<,HD 5025 IOSELS1 2"B4F"H\, RH@ TB4>*,:\ 8"84< 42 &&@*@< 4 &Z&@*@<

XMU B@:\2J,HFb.
4 EB,D&" >,@$N@*4<@ &ZB@:>4H\ JFH">@&8J 2>"R,>46 R4F,: @$@D@H@&, @H>@Fb-

V4NFb 8 @H*,:\>Z< *4"B"2@>"<. AD,*B@:@(",<, RH@ (:"&>Z6 BD4&@* JFH">@&-
:,> 4 8":4$D@&"> B@* @F>@&>@6 F4(>": 10%. 
1"BD@(D"<<4D@&"H\ *:b 8"0*@(@ *4"B"2@>" B@ @*>@<J R4F:J @$@D@H@& S,
*,6FH&J`V,<J & *">>@< *4"B"2@>,, B@ &@2<@0>@FH4 B@ $:40, 8 &,DN>,<J BD,-
*,:J *4"B"2@>" R4F,: @$@D@H@&, 4 42<,D4H\ R4F:@ @$@D@H@&. ?BD,*,:,>4, R4F,:
@$@D@H@& <@0>@ &ZB@:>4H\ H"N@<,HD@<, :4$@ ,F:4 TB4>*,:\ @$@DJ*@&"> *"H-
R48@<, B@ 4>*48"H@DJ R4F,: @$@D@H@& TB4>*,:b. 7":4$D@&8" R4F,: @$@D@H@&
@H*,:\>ZN *4"B"2@>@& <@0,H &ZB@:>bH\Fb 42<,>,>4,< B"D"<,HD" 512n S1
10Vn (n: >@<,D *4"B"2@>") F@(:"F>@ F:,*J`V,6 2"&4F4<@FH4:

5 AD4 >,@$N@*4<@FH4, RH@$Z 8 R4F:J @$@D@H@&, @BD,*,:.>>@<J B"D"<,HD@< 512n
S110Vn BD4>"*:,0": @F>@&>@6 F4(>":, D"&>Z6 H@R>@ 10000 <%, JFH">@&4H\ B"-
D"<,HD 5021 ADJUSTS1 F@(:"F>@ 42:@0,>>Z< H"<.

6 IFH">@&4H\ B@ *4"B"2@>"< B"D"<,HDZ 514n S1MINn, 516n S1MAXn, *@BJFH4<Z,
& *">>@< *4"B"2@>,.

7 AD4 >,@$N@*4<@FH4, & B"D"<,HD"N 504n S1ACCTn, 506n S1DECTn (n: >@<,D *4"-
B"2@>"), JFH">@&4H\ 8DJH42>J >"D"FH">4b 4 FB"*" @$@D@H@& TB4>*,:b.

8 +F:4 TB4>*,:\ @$@DJ*@&"> *"HR48@<, 4 BD@(D"<<" PLC B@:\2J,HFb 4>*48"H@-
D"<Z I656 (n=nS) 4 I657 (n=0), 2"B@:>4H\ B"D"<,HDZ 5005 N%, 5006 NW, 5007 N0
F@(:"F>@ 4N @B4F">4`.

9 +F:4 TB4>*,:\ @$@DJ*@&"> *"HR48@<, 4 BD@(D"<<" PLC B@:\2J,HFb 4>*48"H@-
D@< I655 (8@:,$">4, R4F,: @$@D@H@& TB4>*,:b), 2"B@:>4H\ B"D"<,HDZ 5001
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FOL ERR
P

FOL ERR
ENCODERS

Z S. .
=

⋅4 1

TIME, 5002 SCERR, 5003 FLUCT%, 5004 FLUCTW F@(:"F>@ 4N @B4F">4`.
10 +F:4 TB4>*,:\ @$@DJ*@&"> *"HR48@<, @BD@$@&"H\ LJ>8P4` >"D,2">4b D,2\$Z.

AJH.< 4>*4&4*J":\>@(@ &&@*" BD,*:@0,>4b 2"B4F"H\ & JBD"&:,>4, F:,*J`VJ`
FHD@8J: G33 ZI–20 F1 S500 M3. +F:4 >, 2"BJF8",HFb >"D,2">4, D,2\$Z, F:,*J,H
BD@&,D4H\, RH@ &@2&D"V",HFb :4 @H PLC 4>*48"P4b TB4>*,:\ &D"V",HFb
Y650=1, *":,, F@FH@b>4, &D"V,>4b RH062=3, 4:4 4. +F:4 *", 42<,>4H\
B"D"<,HD 4309 CDIRS1 & BD@H4&@B@:@0>Z6.

11 +F:4 TB4>*,:\ @D4,>H4DJ,<Z6 (8@<">*" M19) B"D"<,HD 5281 ORIENT1 2"B4-
F"H\ & 1. ]H@H B"D"<,HD *@:0>Z 2"B4F"H\ & 1, ,F:4 TB4>*,:\ <@0>@ @D4,>H4D@-
&"H\ :4$@ <,N">4R,F84, :4$@ 2"<Z8">4,< B,H:b B@24P44, H"8 8"8 F&,D:4:\>Z,
P48:Z (G76, G87), &Z2Z&"`V4, LJ>8P4` M19, &ZB@:>b`HFb H@:\8@ BD4 ̂ H@<.

12 +F:4 TB4>*,:\ 4>*,8F4DJ,<Z6, H@ ,FH\ D,(J:4DJ`V"b B,H:b B@24P44 2"<Z8"-
,<"b, & B"D"<,HD 5282 INDEX1 2"B4F"H\ & 1. % ̂ H@< F:JR", & (DJBB, B"D"<,HD@&
E+C%? & B"D"<,HD 4469 NOLOOPS1 2"B4F"H\ & 0.
=" @F>@&">44 42:@0,>>ZN J BD4&,*,>44 & *,6FH&4, D,(J:4DJ`V,6 P,BZ B@-
24P44, 2"B@:>4H\ & (DJBB, B"D"<,HD@& E+C%? &F, B"D"<,HDZ F 4>*,8F@< ...
S1.

13 A"D"<,HDZ 5283 GRID1 4 5284 INDEX_C1 2"B@:>4H\ F@@H&,HFH&J`V4< @$D"-
2@<.

14 % B"D"<,HDZ 5242 DIVS1 2"B4F"H\ &F,(*" 0!
+F:4 5284 INDEX_C1=0, F:,*J,H @BD,*,:4H\ BD,*,:\>@, R4F:@ 5241 M_NUMB1.

15 % BD@(D"<<J PLC F@(D">42@&"H\ LJ>8P4` M19 F@(:"F>@ 42:@0,>>Z< & ?$D"2-
P@&@6 BD@(D"<<, PLC. 

16 IFH">@&4H\ B"D"<,HDZ 532n GAIN1n, 536n ACC1n (n: >@<,D *4"B"2@>", @H>@Fb-
V,(@ 8 D"2:4R>Z< B,D,*"H@R>Z< @H>@T,>4b<). AD@B@DP4@>":\>@ F J&,:4R,-
>4,< B,D,*"H@R>@(@ @H>@T,>4b J<,>\T",HFb 2>"R,>4, 532n GAIN1n.

17 E &Z*"R,6 M19 2"<Z8",HFb D,(J:4DJ`V"b B,H:b B@24P44. ="R4>"b F ^H@(@,
BD4&,*,>4, & *,6FH&4, F,D&@ TB4>*,:b H@ 0> F"<@,, 8"8 ̂ H@ 42:@0,>@ & @B4F"-
>44 (DJBBZ B"D"<,HD@& E+C%?, 2" 4F8:`R,>4,< H@(@, RH@ 2>"R,>4, GAIN 4
ACC <@0>@ 2"*"&"H\ B@ *4"B"2@>"< *:b TB4>*,:b. AD4&,*,>4, & *,6FH&4, D,-
(J:4DJ`V,6 B,H:4 P,:,F@@$D"2>@ >"R4>"H\ F@ FHJB,>4 >"4<,>\T,(@ B,D,*"-
H@R>@(@ R4F:".

7.6.2 IFH">@&8" F&,D:,>4b D,2\$Z D,2P@< F 0.FH84< FH,D0>,< (G84.2, G84.3)

EJH\ JFH">@&84 F&,D:,>4b D,2\$Z D,2P@< F 0.FH84< FH,D0>,< 2"8:`R",HFb & H@<, RH@
F@@H>@T,>4, @HFH"&">4b F&,D:4:\>@(@ TB4>*,:b, >"BD4<,D @F4 Z (@T4$84 F:,0,-
>4b, FOL.ERR) 8 T"(J D,2\$Z *@:0>@ F@&B"*"H\ F@@H>@T,>4,< @HFH"&">4b TB4>*,:b
8 R,HZD.N8D"H>@<J R4F:J 4<BJ:\F@& *"HR48" TB4>*,:b. Q,HZD.N8D"H>@, R4F:@ 4<-
BJ:\F@& *"HR48" TB4>*,:b F@@H&,HFH&J,H B,D,<,V,>4` 360° B@ TB4>*,:`, H@ ,FH\
@*>@<J T"(J D,2\$Z (P), 42<,Dbb B@ @F4 Z:

EJH\ JFH">@&84 2"8:`R",HFb & H@<, RH@ 42<,>bb B"D"<,HDZ 5321 GAIN1, 5341 GAIN2,
@H>@FbT4,Fb 8 TB4>*,:`, B@:JR4< F:,*J`V4, F@@H>@T,>4b.
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F
ENCODERSS =

⋅
⋅ ⋅

. 3
2000

4 1

AD,0*, R,< BD4FHJB4H\ 8 JFH">@&8,, F:,*J,H 2"B4F"H\ B"D"<,HDZ F,D&@P,B4 4 (:"&>@-
(@ BD4&@*", F@(:"F>@ @B4F">4` BD,*Z*JV,6 (:"&Z. %"0>@, RH@ F 2"BD@(D"<<4D@&">4-
,< BD,*:@0,>4b G33, *@ >"R":" JFH">@&84 2"B4F":4 B"D"<,HD CDIRS,LJ>8P4` M19
4 P,B\ D,(J:4D@&">4b B@24P4,6 (:"&>@(@ TB4>*,:b. =40, @B4FZ&",< JFH">@&8J, FFZ-
:"bF\ >" B,D&Z6 TB4>*,:\, RH@ :@(4R,F84 @H>@F4HFb 4 8@ &H@D@<J.
A@Db*@8 JFH">@&84 F:,*J`V46:

1 IFH">@&4H\ 2>"R,>4, B"D"<,HD" 4749 FEEDMAXS1, F@(:"F>@ L@D<J:,, 4<,`-
V,(@Fb  & @B4F">44. %&@* L@D<J:Z n=R4F:@ @$@D@H@& TB4>*,:b. K@D<J:" BD4-
<,>b,HFb >,2"&4F4<@ @H F@FH@b>4b B"D"<,HD" 5284 INDEXC1. +F:4 >,H BD@R4N
@(D">4R4&"`V4N L"8H@D@&, FHD,<4H,F\ *@FH4R\ 2000 @$/<4>. IFH">@&:,>>@,
2*,F\ 2>"R,>4, $J*,H *@BJF8",<Z< <"8F4<":\>Z< R4F:@< @$@D@H@& TB4>*,:b
BD4 F&,D:,>4b D,2\$Z.

2 A"D"<,HDZ 4109 FDBCKS1 4 4189 RPFBS1 F:,*J,H 2"B4F"H\ &ZF@84<4, RH@$Z
>, B@:JR4H\ 42:4T>, BD4 JFH">@&8, F@@$V,>4, @$ @T4$8, ?#C!G=!a E%a1[
9. A"D"<,HDZ 4069 SERRLS1 4 4889 SERRL2S2 B@BD"&4H\ B@* B"D"<,HD 5321
GAIN11. AD4F&@,>4,< 2>"R,>4b 4409 ENCODERS1=0 D"2D,T4H\ ">":42 >"
@$DZ& *"HR48" TB4>*,:b.

3 1"B4F"H\ F:,*J`VJ` BD@(D"<<J & B"<bH\:
G0 G17 G95 Z0
G84.2 Z-50 R0 S1000 F1
M99
% BD@(D"<<, BD@F&,D:4< D,2\$J (F1) F T"(@< 1 << R4F:@< @$@:D@H@& 1000
1/<4> (S1000). %Z*,:4H\ BD@(D"<<J 8 4FB@:>,>4` & "&H@<"H4R,F8@< D,04<,,
4 2"H,< 2"BJFH4H\. % N@*, BD@(@>" BD@(D"<<Z T>4B*,:,< & B@24P44 Z0
&ZB@:>b,HFb &F,(*" @D4,>H4D@&8" (M19).

4 =" ^8D">, EA3E?7 AC?'C!;; BD@&,D4H\, RH@ "8HJ":\>@, R4F:@ @$@D@H@&
TB4>*,:b *@FH4(",H :42"BD@(D"<<4D@&">>@, 2>"R,>4,  S1000 & B@:@0,>44
BD@P,>H>@(@ &8:`R"H,:b B@*"R4 100%. +F:4 >,H, JFH">@&4H\ B"D"<,HD 4749
FEEDMAXS1.

5 )@:4FH"H\ *@ ̂ 8D">" G+EG 31;+C3G+9[=?5 E3EG+;Y. A@ BD4&,*,>>@6
>40, L@D<J:, &ZR4F:4H\ 2>"R,>4, 4*,":\>@(@ @HFH"&">4b (LS), @H>@FbV,,Fb
8 TB4>*,:`:

(*,: LS JFH">"&:4&",<@, @HFH"&">4, TB4>*,:b,
FOL.ERR3 "8HJ":\>@, @HFH"&">4, @F4 Z (BD4 JF:@&44, RH@ 4283 Z=3),
2000 F 2"BD@(D"<<4D@&">>Z6 T"( F & 4>8D,<,>H, &Z&@*",
ENCODERS1 D"2D,T,>4, *"HR48" TB4>*,:b.

6 32 2>"R,>4b JFH">"&:4&",<@(@ @HFH"&">4bS (LS) &ZR4F:4H\ >@&@, 2>"R,>4, 5321
GAIN11 B@ F:,*J`V,6 L@D<J:,:

(*, FOL.ERRS1 "8HJ":\>@, @HFH"&">4, TB4>*,:b, 8@H@D@, 42<,Db,HFb B@
^8D">J G+EG 31;+C3G+9[=?5 E3EG+;Y.

7 AD@&,D4H\ &ZT,@B4F">>J` JFH">@&8J BD4 <"8F4<":\>@< @$@D@H, TB4>*,:b,

GAIN
L

FOL ERRS
GAINS11

1
11= ⋅

.



7.6 IFH">@&8" B"D"<,HD@& TB4>*,:b

144

2"*">>@< B"D"<,HD@<  4749 FEEDMAXS1.
8 A@BD"&4H\ B"D"<,HDZ 4049 TACHVS1, 4109 FDBCKS1, 4189 RPFBS1, 4069

SERRLS1 4 4889 SERRL2S2 B@* >@&J` JFH">@&8J, (*, ^H@ >,@$N@*4<@.

7.6.3 ?$D"V,>4, F *&J<b TB4>*,:b<4

IBD"&:,>4b NCT FB@F@$>Z @$D"V"H\Fb <"8F4<J< F *&J<b TB4>*,:b<4. ?$D"V,>4,
F *&J<b TB4>*,:b<4 >J0>@ H"8 &ZB@:>4H\, RH@ BD@42&D@:\>@6 LJ>8P4,6 M (>"BD4-
<,D.: M31, M32) <@0>@ $Z:@ &Z$D"H\, RH@ 8@<">*Z TB4>*,:b 8 8"8@<J TB4>*,:`
@H>@FbHFb. )":\T,, H@H L"8H, RH@ 8"8@6 42 TB4>*,:,6 b&:b,HFb "8H4&>Z<, >,@$N@*4-
<@ F@@$V4H\ 4 *:b NC, H"8 8"8 >,8@H@DZ, LJ>8P44 &ZB@:>b`HFb JBD"&:,>4,< BD4
4N 42&,FH>@FH4. ]H@ *@FH4(",HFb JFH">@&8@6 4>*48"H@D" Y660 PLC. +F:4 >"BD4<,D
M31 &Z$4D",H TB4>*,:\ m1, ^H" 8@<">*" &ZB@:>b,H BD4F&@,>4, 2>"R,>4,  Y660=0,
" 8@<">*" M32 &ZB@:>b,H BD4F&@,>4, 2>"R,>4, Y660=1 & BD@(D"<<, PLC.
7@<">*"<4 M3, M4, M5, M19 4 S BD@(D"<<" PLC *@:0>" @$D"V"H\Fb H"8, RH@ @>4 @H-
>@FbHFb &F,(*" 8 "8H4&>@<J TB4>*,:`. (% 2"&4F4<@FH4 B@:@0,>4` Y660.) A@^H@<J
P,:,F@@$D"2>@ @$D"V"H\Fb 8@*"<4 H"84< @$D"2@<, B@F8@:\8J >"BD4<,D &@ &D,<b D"F-
8DZ&">4b F&,D:4:\>ZN P48:@& &ZT,J8"2">>Z, 8@*Z JBD"&:,>4,< "&H@<"H4R,F84 B,-
D,*"`HFb *:b PLC, ,F:4 & P48:, 4<,`HFb @FH">@&8", F<,>" >"BD"&:,>4b, 4:4 @D4,>H4-
D@&8" TB4>*,:b. +F:4 >"BD4<,D 8 TB4>*,:` m2 >"2>"R4:4 $Z *DJ(4,, @H:4R"`V4,-
Fb @H &ZT,BD4&,*,>>ZN 8@*@& (>"BD4<,D: M33, M34, M35, M39), H@(*" TB4>*,:` m2
>,:\2b $Z:@ $Z &ZB@:>4H\ F&,D:4:\>Z, P48:Z. G@ 0, F"<@, @H>@F4HFb 4 8 8@<">*"<
F<,>Z *4"B"2@>@& (M11, M12, ..., M18).
NC &F,(*" >" @F>@&">44 *"HR48" "8H4&>@(@ TB4>*,:b  (4>*48"H@D Y660), @BD,*,:.>-
>@(@ @H PLC &ZB@:>b,H

>"$:`*,>4, 2" 8@:,$">4,< R4F,: @$@D@H@& (G25, G26),
B@*"RJ 2" @$@D@H, 4 >"D,2">4, D,2\$Z

4 BD4 D"FR.H, B@FH@b>>@6 F8@D@FH4 D,2">4b (G96) D"FR4HZ&",H >,@$N@*4<@, R4F:@
@$@D@H@& TB4>*,:b &F,(*" *:b "8H4&>@(@ TB4>*,:b.
7@>,R>@, 42:@0,>>Z, &ZT, >, 4F8:`R"`H, RH@ @$" TB4>*,:b <@(JH 4 &<,FH, &D"-
V"H\Fb, ,F:4 ̂ H@ B@HD,$J,HFb H,N>@:@(4,6, >"BD4<,D & F@FH@b>44 F4>ND@>>@(@ $,(",
4:4 BD4 @$D"$@H8, B@:4(@>".

7.6.4 E4>ND@>42"P4b *&JN TB4>*,:,6

;@0,H B@HD,$@&"H\Fb F4>ND@>>@, &D"V,>4, *&JN TB4>*,:,6, >"BD4<,D F:JR", H@8"D-
>ZN FH">8@&, 8@(*" @$H"R4&">4, &ZB@:>b,HFb 42 FH,D0>b, &D"V"`V,(@Fb & B"HD@>"N,
2"8D,B4&T4N ,(@ 2" @$" 8@>P", B@8" 2" ̂ H@ &D,<b 4>FHDJ<,>H @HD,2",H 2"(@H@&8J. 1"-
H,< &ZB@:>b,HFb@$D"$@H8" &H@D@6 FH@D@>Z 2"(@H@&84 & *DJ(@< B"HD@>,. %@ &D,<b @H-
D,2">4b <@0,H $ZH\ &8:`R,>" B@FH@b>>"b F8@D@FH\ D,2">4b, R4F:@ @$@D@H@& (:"&>@(@
TB4>*,:b B@FH@b>>@ <,>b,HFb 4 2" ̂ H4< @$@D@H"< &H@D@6 TB4>*,:\ *@:0,> BD@F:,-
*4H\, RH@$Z 2"(@H@&8" >, BD@F8@:\24&":", 4:4 >, BD@8DJR4&":"F\ & B"HD@>,.
AD4&,*,>4, & F4>ND@>>@, &D"V,>4, *&JN TB4>*,:,6 F@FH@4H 42 F:,*J`V4N @F>@&-
>ZN @B,D"P46:
 – % B,D&Z6 T"( &Z*".HFb PLC 8@<">*" R4F,: @$@D@H@& *:b &FB@<@("H,:\>@(@ TB4>-

*,:b, F@@H&,HFH&J`V"b B@ &,:4R4>, 4  >"BD"&:,>4` (:"&>@(@ TB4>*,:b, 2"H,<
*@0*.HFb, RH@$Z R4F:@ @$@D@H@& &FB@<@("H,:\>@(@ TB4>*,:b *@FH4(:@
0,:",<@, 2>"R,>4,. )@ ̂ H@6 H@R84 BD@P,FF b&:b,HFb R4FH@ *,6FH&4,< PLC, ,F:4
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R4F:@ @$@D@H@& @$@4N TB4>*,:,6 BD"&4:\>@ 8":4$D@&">@, >, >J0>@
&<,T"H\Fb F JFH">@&8@6 B"D"<,HD@&.

 – %@ &H@D@6 T"( PLC &8:`R",H F@@H&,HFH&J`V46 4>*48"H@D 2"BD@F" F4>ND@>42"P44
4 >"BD"&:,>4b (Y655, Y656, Y665, Y666). % ̂ H@ &D,<b JBD"&:,>4,< 42<,>b,HFb
R4F:@ @$@D@H@& &FB@<@("H,:\>@(@ TB4>*,:b F D"2<,D@< BD4>"*:,0"V,(@
&FB@<@("H,:\>@<J TB4>*,:` B"D"<,HD" SYNCHR_Pn, B@8" >J:,&@6 4<BJ:\F
(:"&>@(@ 4 &FB@<@("H,:\>@(@ TB4>*,:b >, BD4<,H D"FFH@b>4, *DJ( @H *DJ(",
2"*">>@, B"D"<,HD@< SPSHIFTn, BD4>"*:,0"V,(@  &FB@<@("H,:\>@<J
TB4>*,:`. AD,*,:@< B@(D,T>@FH4 F@(:"F@&">>@(@ &D"V,>4b (D"FFH@b>4b
>J:,&ZN 4<BJ:\F@&) b&:b,HFb 2>"R,>4, (4269 INPOSS1, 4270 INPOSS2), 2"*">>@,
B"D"<,HD@< INPOSSn,  BD4>"*:,0"V,(@  &FB@<@("H,:\>@<J TB4>*,:`. %@
&D,<b F4>ND@>42"P44 <@0>@ JFH">@&4H\ B"D"<,HDZ *:b ^H@6 L"2Z.

 – % HD,H46 T"( 2"8DZ&",HFb JBD"&:,>4,< P,B\ D,(J:4D@&">4b B@24P44 &FB@<@("-
H,:\>@(@ TB4>*,:b 4 &@2&D"V",H *:b PLC F@@H&,HFH&J`V46 4>*48"H@D
2"<Z8">4b B,H:4 (I651 4:4 I661). ="R4>"b F ̂ H@(@ :`$@, B,D,<,V,>4, (:"&>@(@
TB4>*,:b &ZN@*4H >" &&@*, &FB@<@("H,:\>@(@ TB4>*,:b, 8"8 8@<">*"
B,D,<,V,>4b (8@<">*" 4>H,DB@:bH@D"). +F:4 2>"R,>4, B"D"<,HD"
FEEDFORWSn, BD4>"*:,0"V,(@  &FB@<@("H,:\>@<J TB4>*,:`, D"&,> 0, >,H
BD,*&8:`R,>4b F8@D@FH4 4 & 2"&4F4<@FH4 @H F8@D@FH4 >J:,&@6 4<BJ:\F &FB@-
<@("H,:\>@(@ TB4>*,:b @HFH".H @H >J:,&@(@ 4<BJ:\F" (:"&>@(@ TB4>*,:b.
+F:4 HD,$J,HFb FHD@(@, F:,0,>4, 2" B@24P4,6 (>J:,&@, F:,0,>4,), >J0>@
JFH">@&4H\ B"D"<,HD FEEDWORWSn. ?*>"8@ ^HJ JFH">@&8J >,@$N@*4<@
J*":4H\ BD4 &Z8:`R,>44 F4>ND@>42"P44, RH@$Z &@FFH">@&4:4F\ 2>"R,>4b,
JFH">@&:,>>Z, *:b F&,D:,>4b D,2\$Z D,2P@< F 0.FH84< FHD,0>,<.

32 &ZT,@B4F">>ZN &4*>@, RH@ *:b BD4&,*,>4b & *,6FH&4, F4>ND@>42"P44 F>"R":" >"-
*@ @H*,:\>@ BD4&@*4H\ & *,6FH&4, @$" TB4>*,:b, JFH">@&4H\ >"BD"&:,>4, &D"V,>4b
(CDIRSn) 2"BD@(D"<<4D@&">4,< G33, @D4,>H4D@&8J (M19),2"H,< JFH">@&4& F&,D:,>4,
D,2\$Z D,2P@< F 0.FH84< FH,D0>,<, @8@>R"H,:\>@ JFH">@&4H\ P,B4 D,(J:4D@&">4b
 B@24P46 TB4>*,:,6. 1" ^H4< F:,*J,H JFH">@&8" F4>ND@>42"P44.

1 A"D"<,HD@< INPOSn, BD4>"*:,0"V4<  &FB@<@("H,:\>@<J TB4>*,:` (4269
INPOSS1, 4270 INPOSS2) JFH">@&4H\ 2>"R,>4, 50-100, B"D"<,HD@< SYNCHR_Pn
(5401 SYNCHR_P1, 5421 SYNCHR_P2) - 2>"R,>4, 30-50. ):b F<,V,>4b >J:,&@(@
4<BJ:\F" (5402 SPSHIFT1, 5422 SPSHIFT2) 2"B4F"H\ 0.

2 %Z*"H\ 8@* F4>ND@>42"P44 M. +F:4 B@F:, H@(@, 8"8 &FB@<@("H,:\>Z6
TB4>*,:\ >"$D": @$@D@HZ, R,D,2 >,F8@:\8@ F,8J>* >, 2"8@>R4HFb
F4>ND@>42"P4b, B@&ZF4H\ 2>"R,>4, B"D"<,HD" SYNCHR_Pn, BD4>"*:,0"V4<
&FB@<@("H,:\>@<J TB4>*,:`. ]H4< J&,:4R4HFb 2>"R,>4, @*>@(@
4>H,(D4DJ`V,(@ R:,>", 4 R,< $@:\T, 2>"R,>4, B"D"<,HD", H,< 4>H,>F4&>,,
BD@4FN@*4H 4>H,(D4D@&">4,. 3>H,(D4D@&">4, BD@B@DP4@>":\>@ D"FFH@b>4`
>J:,&ZN 4<BJ:\F@&. 1>"R,>4, B"D"<,HD@& <@0>@ J&,:4R4H\ *@ H,N B@D, B@8"
F4FH,<" >, 4<,,H 8@:,$">4b.

3 +F:4 B@F:, &8:`R,>4b F4>ND@>42"P44 F4FH,<" FD"2J >"R4>",H 8@:,$:bH\Fb, J-
<,>\T4H\ 2>"R,>4, B"D"<,HD"  SYNCHR_Pn, BD4>"*:,0"V4<  &FB@<@("H,:\-
>@<J TB4>*,:`. +F:4 ^H4< >, BD,8D"V",HFb 8@:,$">4,, H@ >"BD"&:,>4, &D"-
V,>4b &FB@<@("H,:\>@(@ TB4>*,:b (F@FH@b>4, 4>*48"H@D@& Y653, Y663) >, F@-
(:"F@&">@ F &Z*">>@6 8@<">*@6 >"BD"&:,>4b F4>ND@>42"P44 (F@FH@b>4, 4>*4-
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8"H@D@& Y656, Y666). AD4 ̂ H@< 4>*48"H@DZ Y656, Y666 JFH">@&4H\ & BD@H4&@B@-
:@0>@, F@FH@b>4, & BD@(D"<<, PLC.

4 7@(*" J*":"F\ F4>ND@>42"P4b, <@0>@ J<,>\T4H\ D">,, 2"&ZT,>>Z, 2>"R,>4b
INPOSn. +F:4 F@(:"F@&">>Z6 $,2 >J:,&ZN 4<BJ:\F@& b&:b,HFb HD,$@&">4,<,
JFH">@&4H\ B"D"<,HD FEEDFORWSn, BD4>"*:,0"V46  &FB@<@("H,:\>@<J
TB4>*,:`. ):b B@*N@*bV,(@ *,6FH&4b B"D"<,HD" BD,*&"D4H,:\>@ >J0>@ R.H8@
JFH">@&4H\ 2>"R,>4, TACHVSn @H>@FbV,,Fb  &FB@<@("H,:\>@<J TB4>*,:`.
A@F8@:\8J JFH">@&8J F&,D:,>4b D,2\$Z D,2P@< F 0.FH84< FHD,0>,< 4FB@DH4H
BD,*&8:`R,>4, F8@D@FH4, 2>"R,>4, FEEDFORWSn P,:,F@@$D"2>@ B@**,D0"H\
B@ B"D"<,HDJ CONSTn 4 2"*,6FH&@&"H\ ,(@ H@:\8@ &@ &D,<b F4>ND@>42"P44.

5 ="8@>,P, ,F:4 ̂ H@ >,@$N@*4<@, >J:,&Z, 4<BJ:\FZ <@0>@ F<,FH4H\ F B@<@V\`
B"D"<,HD" SPSHIFTn, @H>@FbV,(@Fb  &FB@<@("H,:\>@<J TB4>*,:`. E<,V,>4,
$J*,H 360° H@(*", ,F:4 SPSHIFTn=ENCODERSn.

7.6.5 IFH">@&8" @$H"R4&">4b B@:4(@>"

A@Db*@8 &8:`R,>4b @$H"R4&">4b B@:4(@>" B@*@$,> 8 F4>ND@>42"P44 *&JN TB4>*,-
:,6. C"2>4P" 4<,,HFb H@:\8@ & H@<, RH@ & B,D&Z6 T"( &FB@<@("H,:\>Z6 TB4>*,:\
>J0>@ D"F8DJR4&"H\ >, *@ @$@D@H@& (:"&>@(@ TB4>*,:b, " F@(:"F>@ F@@H>@T,>4`
<,0*J >4<4, 2"*">>@<J & BD,*:@0,>44, &8:`R"`V,< @$H"R4&">4, B@:4(@>" (G51.2)
B@ "*D,FJ  P 4 Q. 1"H,< T"(4 H, 0, F"<Z,, 8"8 & F:JR", F4>ND@>42"P44. +F:4 F4>ND@-
>42"P4b $Z:@ JFH">@&:,>@ J0, 2"D">,,, H@ <@0,H &FHD,R"H\Fb :4T\ H"8"b BD@$:,<",
RH@ >"BD"&:,>4, &D"V,>4b &FB@<@("H,:\>@(@ TB4>*,:b (F@FH@b>4, 4>*48"H@D@&
Y653, Y663) >, F@(:"F@&">@ F &Z*">>@6 8@<">*@6 >"BD"&:,>4b F4>ND@>42"P44 (F@FH@-
b>4, 4>*48"H@D@& Y656, Y666).
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7.7 A@:@0,>4b *:b F<,>Z

=" 4>FHDJ<,>H":\>@< FH">8, BD4 &ZB@:>,>44 D"2:4R>ZN LJ>8P46, >"BD4<,D F<,>"
4>FHDJ<,>H@&, 4:4 F<,>" B"::,H@&, <@0,H B@>"*@$4H\Fb >"BD"&4H\ FJBB@DHZ & @*>J
2"*">>J` B@24P4`. 7@@D*4>"HZ ̂ H4N B@24P46 >"*@ BD4&b2"H\ 4 2"B4F"H\ 4N & JBD"&-
:,>4,.

7.7.1 IFH">@&8" B@:@0,>46 *:b F<,>Z

):b F@ND">,>4b B@:@0,>46 *:b F<,>Z FD,*4 B"D"<,HD@& REFPAR FH@4H >" D"FB@Db-
0,>4, HD4 (DJBBZ B"D"<,HD@&: (DJBB" 7041 REFPOS2, 7061 REFPOS3 4 7081 REF-
POS4. ):b 8"0*@6 (DJBBZ B@ @Fb< <@0>@ 2"B4F"H\ B@:@0,>4b *:b F<,>Z, H@ ,FH\ &
8"0*@6 (DJBB, <@0>@ 2"B4F"H\ >, $@:,, 8 *">>ZN 8@@D*4>"H.

L %>4<">4,! A"D"<,HDZ (DJBBZ 7021 REFPOS1 F:J0"H >, *:b 2"*"R4 B@:@0,>46
*:b F<,>Z, " @>4 L48F4DJ`H B@:@0,>4, D,L,D,>H>@6 H@R84 & FH">@R>@6 F4FH,-
<, 8@@D*4>"H.

1 AD4>"bH\ B@ &F,< @&b< D,L,D,>H>J` H@R8J.
2 I*":4H\ &F, 8@DD,8P44 B@ *:4>, 4 F<,V,>4b >J:,&@6 H@R84, *":,, *:b F>bH4b

B@24P46 4FB@:\2@&"H\ 42@$D"0,>4, ^8D">" EG!=?Q=!a A?13O3a.
3 A,D,<,V"H\Fb F@@H&,HFH&J`V,6 @F\` 8 0,:",<@<J <,FHJ *:b F<,>Z. A@24P44,

&4*>Z, >" 4>*48"H@D, FH">@R>@6 F4FH,<, 8@@D*4>"H 2"B4F"H\ & BD4D"V,>44
&&@*" (G@ ,FH\ 2>"R,>4b, &4*>Z, >" 4>*48"H@D, $,2 *,FbH4R>@6 2"BbH@6) & F@@H-
&,HFH&J`V4, B"D"<,HDZ 704n REFPOS2n, 706n REFPOS3n, 4:4 708n
REFPOS4n.

7.7.2 M@* >" <,FH@ F<,>Z

M@* >" <,FH@ F<,>Z B@ @Fb< NC &@2<@0>@ H@:\8@ 8@<">*"<Z NC. ):b ̂ H@(@ F:J04H
LJ>8P4b G30, B@:\2@&">4, 8@H@D@6 42:@0,>@ " ?B4F">44 BD@(D"<<4D@&">4b.
AD@(D"<<>Z6 b2Z8 JBD"&:,>4b B@2&@:b,H F@&,DT4H\ &Z2@& B@*BD@(D"<<Z >" LJ>8-
P44 M, S, T, A, B, C (F<. ?B4F">4, BD@(D"<<4D@&">4b). ]H@H L"8H <@0>@ F@@$V4H\
JBD"&:,>4` FD,*4 B"D"<,HD@& MACRO & (DJBB, B"D"<,HD@& 9081 MSUBPRG 4 9121
ABCST.
=40, BD4&@*4< *&" BD4<,D" *:b BD4<,>,>4b.

M@* & B@24P4` F<,>Z 4>FHDJ<,>H" (B,D,* &ZB@:>,>4,< M06)
A@ (@D42@>H":\>@<J P,>HDJ @$D"$@H84 B,D,* &ZB@:>,>4,< LJ>8P44 M06 @F\ Y >J0-
>@ B,D,<,V"H\ & B@24P4` F<,>Z. AD,0*,, R,< @F\ Y *@N@*4:" $Z *@ <,FH" F<,>Z,
@F\ Z &,D>.< &$:424 B@:@04H,:\>@(@ 8@>,R>@(@ B@:@0,>4b, RH@$Z &Z:,H 4>FHDJ<,>-
H" >, BD,BbHFH&@&": *&40,>4` Y. 
1 1"<,D4H\ B@24P4` *:b F<,>Z Y 4 & B"D"<,HD 7042 REFPOS22 2"B4F"H\ B@:@0,-

>4, *:b F<,>Z.
2 E>4<"H\ F B"D"<,HD" 3003 LIMP13 B@24P4` B@:@04H,:\>@(@ 8@>,R>@(@ B@:@-

0,>4b @F4 Z, &ZR4F:4H\ 42 >,(@ 1000 (1<<), 4 B@:JR,>>@, H"84< @$D"2@< 2>"R,-
>4, 2"B4F"H\ & B"D"<,HD 7043 REFPOS23.
(% FBJR", &ZT, BD,*B@:@(",HFb, RH@ FD,*4 B"D"<,HD@& E+C%? & (DJBB, B"D"-
<,HD@& 4281 AXIS B@:JR4HFb 4282 Y=2 4 4283 Z=3, H@ ,FH\ Y b&:b,HFb 2-@6 " Z 3-
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,6 L424R,F8@6 @F\`.)
3 1"B4F"H\ FD,*4 B"D"<,HD@& MACRO *:b B"D"<,HD" 9081 M(9000) R4F:@ 6.

]H@ @2>"R",H, RH@ 8"0*Z6 D"2, 8@(*" JBD"&:,>4,< BD@R4H",HFb 42 BD@(D"<<Z
*,H":,6 8@* M06, &Z2Z&",HFb B@*BD@(D"<<" F >@<,D@< O9000. +F:4 & B@*BD@(-
D"<<, F >@<,D@< O9000 BD@R4H",HFb 8@* M6, >, &Z2Z&",HFb F>@&" B@*BD@(D"<-
<", " 8@* B,D,*".HFb *:b PLC.

4 1"B4F"H\ & JBD"&:,>4, F:,*J`VJ` BD@(D"<<J:
%O9000 (M06 E;+=! 3=EGCI;+=G!)
G30 ZI0 P2 (%+C=IG[ 3=EGCI;+=G =! ;+EG? E;+=Y P2)
G30 YI0 P2 (A? ?E3 Y M?) =! ;+EG? E;+=Y P2)
M9 M19 (?M9!/)!_UI_ %?)I %Y79., ?C3+=G3C?%7! SA3=)+9a)
M6 (E;+=! 3=EGCI;+=G!)
M99 (%?1%C!U+=3+)
%

E<,>" B"::"H"
AD,*B@:@04<, RH@ >" JB@<b>JH@< (@D42@>H":\>@< P,>HD, @$D"$@H84 BD4N@*4HFb
F<,>4H\ B"::,H. % *@:\ @F4 X 4<,,HFb *&" B@:@0,>4b *:b F<,>Z. E<,>" B"::,H @FJ-
V,FH&:b,HFb LJ>8P4,6 M60 &Z2@&@< B@*BD@(D"<<Z O9001 (B@8"2">4, B"D"<,HD"
9082 M(9001)=60). M@* F@&,DT",HFb F>"R":" >" BJFH@, <,FH@, 8J*" &ZFH"&:b,HFb :,0"-
V46 >" FH@:, B"::,H, 2"H,< F@&,DT",HFb N@* 2" >@&Z6 B"::,H >" *DJ(@, <,FH@ F<,>Z.
A@24P4b 1-(@ <,FH" F<,>Z 2"B4F">" & B"D"<,HD 7041 REFPOS21, " &H@D@(@ - &
B"D"<,HD 7061 REFPOS31. 
A@*BD@(D"<<" LJ>8P44 M60, @FJV,FH&:b`V"b F<,>J B"::,H", F:,*J`V"b:

%O9001 (M60 E;+=! A!99+G!)
G30 ZI0 P2 (%?1%C!G 3=EGCI;+=G! =! ;+EG? E;+=Y P2)
G30 YI0 P2 (M?) A? ?E3 Y =! ;+EG? E;+=Y P2)
M113 (%Y79_Q+=3+ A?%?C?G=?'? EG?9!)
B0 (A?%?C?G 7 =I9[_ A?%?C?G=?'? EG?9!)
M114 (1!7C+A9+=3+ A?%?C?G=?'? EG?9!)
G53 (?/3)!=3+ 31-1! 1!AC?E! %%?)! 3=G+CK+5E!)
IF[#1014EQ0] GOTO10 (+E93 ;+EG? m 1. 1!=aG?)
G30 XI0 P2 (M?) =! ;+EG? m 1.)
M161 (%YEG!%3G[ A!99+G)
G30 XI0 P3 (M?) =! ;+EG? m 2.)
GOTO20 (A+C+M?) 7 AC+)9?/+=3_ m 20)

N10 G30 XI0 P3 (M?) =! ;+EG? m 2.)
M161 (%YEG!%3G[ A!99+G)
G30 XI0 P2 (M?) =! ;+EG? m 1.)

N20 M162 (%EG!%3G[ A!99+G)
M99 (%?1%C!U+=3+)
% 



7.8 AD@$:,<Z @$D"V,>4b F B@&@D@H>Z< FH@:@<

149

7.8 AD@$:,<Z @$D"V,>4b F B@&@D@H>Z< FH@:@<

E @Fb<4 B@&@D@H" JBD"&:,>4, @$D"V",HFb B@*@$>Z< @$D"2@<, 8"8 F :4>,6>Z<4 @Fb-
<4, 2>"R4H & @$:"FH4 <,0*J J(:"<4 –99999.999° 4 +99999.999°, ,F:4 BD4<,>4H\ F4FH,-
<J DB4D"V,>46 F@ 2>"8@< B. C"2>4P" 2"8:`R",HFb &F,(@ H"8"&", ,F:4 *:b @F4 B@&@D@-
H" &Z*,:4H\ @*4> 42 "*D,F@& A, B, 4:4 C 4 & (DJBB, B"D"<,HD@& IPLCONST *:b
B"D"<,HD" 0182 A.ROTARY, 0185 B.ROTARY, 0188 C.ROTARY 2"B4F"H\ 1, *:b @F,6
B@&@D@H" >, &ZB@:(b,HFb *`6<@&"b/<,HD4R,F8"b 8@>&,DF4b B@* *,6FH&4,< 8@<">*Z
G20/G21.
E@ FH@D@>Z B@:\2@&"H,:b, " H"80, FH">8" <@0,H &@2>48>JH\ <>@(@R4F:,>>@, @F@$@,
0,:">4, & F&b24 F @Fb<4 B@&@D@H". ):b 4N J*@&:,H&@D,>4b BD4&@*4< *&" BD4<,D".
!*D,F @F4 B@&@D@H" & @$@4N BD4<,D"N B.

7.8.1 ?$D"V,>4, F B@&@D@H>Z< FH@:@< & @$:"FH4 J(:@& 0° – +359.999°

1 %Z*,:4H\ "*D,F B @F\` B@&@D@H", 2"B4F"& 1 *:b B"D"<,HD" 0185 B.ROTARY.
2 C"2D,T4H\ *:b @F4 B @$D"V,>4, F B,D,&@D@H@<, 2"B4F"& 1 *:b B"D"<,HD" 0242

ROLLOVEN_B.
3 1"*"&"H\ B,D4@*4R>@FH\ *:b @F4 B@&@D@H". A@F8@:\8J ̂ H@ & >"T,< F:JR", 360°,

2>"R,>4, B"D"<,HD" 0262 ROLLAMNT_B D"&>@: 360000 (& ,*4>4P"N BD4D"V,>44
&&@*")

4 A"D"<,HDZ 0245 ABSHORT_B 4 0248 RELROUND_B @BD,*,:4H\ B@ 0,:">4`.

7.8.2 ?$D"V,>4, F B@&@D@H>Z< FH@:@<, 4>*,8F4DJ,<Z< >" *4F8D,H>Z, 2>"R,>4b

EH">@8 @$@DJ*@&"> B@&@D@H>Z< FH@:@< F *4F8@< Hirth (@F\ B), 4>*,8F4DJ,<Z< & *4F-
8D,H>ZN T"("N B@ 1°. A@&@D@H>Z6 FH@: &Z8:`R",HFb M113, 4 L48F4DJ,HFb M114.
GD,$@&">4b F@ FH@D@>Z B@:\2@&"H,:b F:,*J`V4,:
 – B@&@D@H>Z6 FH@: *@:0,> B,D,<,V"H\Fb &F,(*" F $ZFHDZ< N@*@<,
 – & F:JR", "$F@:`H>@(@ 2"*">4b *">>ZN (G90) FH@: *@:0,> B,D,<,V"H\Fb &F,(*" B@

8@D@R"6T,6 BJH4, H@ ,FH\ B@&,D>JH\Fb >, $@:,, 180°,
 – & F:JR", 4>8D,<,>H>@(@ 2"*">4b *">>ZN (G91) FH@: *@:0,> B,D,<,V"H\Fb &F,(*"

B@ 2"BD@(D"<<4D@&">>@<J >"BD"&:,>4`, >@ >, F@&,DT4H\ B,D,<,V,>4,
$@:\T, 359.999°,

 – B@F:, B,D,<,V,>4b &ZF&,R4&"H\ B@24P4` & @$:"FH4 J(:" 0° – +359.999°.
="BD4<,D, FH@: >"N@*4HFb & B@24P44 30°. 
A@* *,6FH&4,< BD,*:@0,>4b G90 B330 FH@: B@&,D>.HFb (& @HD4P"H,:\>@< >"BD"&:,-
>44) –60°, 4 4>*48"H@D B@8"2Z&",H B@F:, B,D,<,V,>4b +330°. 
?*>"@8, B@* *,6FH&4,< BD,*:@0,>4b G91 B300 FH@: B@&,D>.HFb (& B@:@04H,:\>@< >"-
BD"&:,>44) +300°, 4 4>*48"H@D B@8"2Z&",H B@F:, B,D,<,V,>4b +330°.

1 %Z*,:4H\ "*D,F B @F\` B@&@D@H", 2"B4F"& 1 *:b B"D"<,HD" 0185 B.ROTARY.
2 C"2D,T4H\ *:b @F4 B @$D"V,>4, F B,D,&@D@H@<, 2"B4F"& 1 *:b B"D"<,HD" 0242

ROLLOVEN_B.
3 1"*"&"H\ B,D4@*4R>@FH\ *:b @F4 B@&@D@H". A@F8@:\8J ̂ H@ & >"T,< F:JR", 360°,

2>"R,>4, B"D"<,HD" 0262 ROLLAMNT_B D"&>@: 360000 (& ,*4>4P"N BD4D"V,>44
&&@*")

4 A"D"<,HD 0245 ABSHORT_B 2"B4F"H\ & 1, RH@ & F:JR", "$F@:`H>@6 4>*,8F"P44
FH@: F@&,DT4: B@&@D@H & 8D"HR"6TJ` FH@D@>J.
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5 AJFH\ $J*,H 2>"R,>4, B"D"<,HD" 0248 RELROUND_B D"&>@ 1, RH@ BD4 4>8D,-
<,>H>@< 2"*">44 *">>ZN >, F@&,DT4H\ B@&@D@H $@:\T, 360°.

6 )":\>,6T4, HD,$@&">4b 2"B4F"H\ & B@*BD@(D"<<,. %Z2@& B@*BD@(D"<<Z B@ "*-
D,FJ B @D(">42J,HFb F:,*J`V4< @$D"2@<. ED,*4 B"D"<,HD@& MACRO 2"B4F"H\
& 1 B"D"<,HD 9122 B(9031). ]H@ &:,R.H 2" F@$@6 B@F:,*FH&4,, RH@ ,F:4
JBD"&:,>4,< BD@R4H",\Fb 42 BD,*:@0,>4b "*D,F B
 – B@* *,6FH&4,< "*D,F" B &Z2Z&",HFb B@*BD@(D"<<" O9031 4 2>"R,>4, "*D,F"

B B,D,*".HFb R,D,2 B,D,<,>>@6 #196 *:b B@*BD@(D"<<Z,
 – ,F:4 & BD,*:@0,>44 $Z:@ 2"BD@(D"<<4D@&">@ *&40,>4, 4 BD@R4N @F,6, >"-
BD4<,D @F4 X, Y, Z, *&40,>4, B &ZB@:>b,HFb B@F:, *&40,>4b X, Y, Z, H"8 8"8
&ZB@:>b,HFb 4 &Z2@& B@*BD@(D"<<Z.

7 1"B4F"H\ & >"8@B4H,:\ F:,*J`VJ` B@*BD@(D"<<J:
%O9031(A?%?C?G B)
#101=#4001 (E?MC!=+=3+ 7?)! 3=G+CA?9aO33)
#196=FIX[#196] (?G=aG3+ )C?#=?5 Q!EG3 1=!Q+=3a, 1!A3E!==?'? )9a B,

QG?#Y 3=)+7E!O3a %YA?9=a9!E[ =! O+9Y+ 1=!Q+=3a)
M113 (?G79_Q+=3+ A?%?C?G=?'? EG?9!)
G0 B#196 (A?%?C?G)
M114 (K37E!O3a A?%?C?G=?'? EG?9!)
G#101 (%?EEG!=?%9+=3+ 7?)! 3=G+CA?9aO33)
M99 (%?1%C!U+=3+)
% 
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7.9 AD4&,*,>4, & *,6FH&4, VJB", @$@DJ*@&">>@(@ >" LD,2,D>Z6 FH">@8

1 A@*8:`R4H\ VJB 8 $:@8J VJB"-BD4B"F@&84 NCT R,D,2 D"2X.<,
&<@>H4D@&">>Z6 >" FH">@8 & J*@$>@< <,FH,. +F:4 VJB @$@DJ*@&",<Z6 >"
TB4>*,:\, >, &FH"&4H\ ,(@ &@ TB4>*,:\.

2 AD@&,D4H\ B@*8:`R,>4, VJB" 4 8"DHZ BD4B"F@&84 ((:"&" 5.5.2 FHD">4P" 61.).
%8:`R4H\ ^8D"> G+EG 31;+C3G+9[=?5 E3EG+;Y ((:"&" 6.3.5 FHD">4P"
92.), 4 F B@<@V\` @B,D"P44 Tp. trg test <@0>@ BD@&,D4H\, RH@ F4(>": VJB"
(PROBE) B@*8:`R.> :4 8 F@@H&,HFH&J`V,<J &&@*J. %8:`R4& ^8D"> I/O G+EG
((:"&" 6.3.3 FHD">4P" 87.), BD@&,D4H\, RH@ &Z&@*Z >" 24% –STS 4 RDY B@b&bHFb
:4 >" &&@*"N F@@H&,HFH&J`V,(@ 4>H,DL,6F".

3 AD@&,D4H\, RH@ & F:JR",, 8@(*" 8 JBD"&:,>4` B@*8:`R.> VJB, @$@DJ*@&",<Z6
& TB4>*,:\, >,:\2b $Z:@ 2"BJF8"H\ TB4>*,:\ (M3, M4). ):b ̂ H@(@ <@0>@ 4F-
B@:\2@&"H\ F4(>": 4>H,DL,6F" RDY, & ,(@ F@FH@b>44 1>"*@ 2"BD,H4H\
&D"V,>4, TB4>*,:b & BD@(D"<<, PLC.

4 1"B4F"& 4>*4&4*J":\>@, BD,*:@0,>4,: G1 XI10 F100 BD@&,D4H\, RH@ D"2D,T",H
:4 BD@(D"<<" PLC B@*"RJ, :4$@ 2"BD@F4H &D"V,>4, TB44>*,:b. +F:4 VJB
&FH"&:,> BD@(D"<<, PLC, & 4>*48"H@D, Y650 *@:0,> FH@bH\ 1, >,2"&4F4<@ @H
F@FH@b>4, &D"V,>4, TB4>*,:b, RH@$Z <@0>@ $Z:@ B,D,<,V"H\Fb F B@*"R,6.

5 AD@&,D4H\, RH@ 2"B@:>,>4, B"D"<,HD" 8041 G31BIT F@@H&,HFH&J,H :4 B@*8:`R,-
>4` VJB" (F<@HD4 (:"&J ? >" FHD">4P, ?.).

6 +F:4 8 VJBJ BD4<,>4H\ <"8D@8@<">*Z NCT, & B"D"<,HD 8063 SKIPF 2"B4F"H\
0, H"8 8"8 ^H4 <"8D@8@<">*Z F"<Z JFH">"&:4&"`H B@*"RJ.

7 1"B4F"H\ 4>*4&4*J":\>@, BD,*:@0,>4, G31 XI20 F50 & JBD"&:,>4,, 4 2"BJFH4H\
,(@. %@ &D,<b *&40,>4b >"0"H\ FH&@: VJB". +F:4 *&40,>4, >, @HT"(",H 2"BD@-
(D"<<4D@&">>Z6 N@* 20 <<, " FD"2J @FH">@&4HFb, >"0"& FH&@: VJB", JFH">@&84
*@ ^H@(@ &D,<,>4 JFB,T>Z,.

8 +F:4 4FB@:\2@&"H\ 42<,D4H,:\>Z, <"8D@8@<">*Z NCT, @>4 2"BD@F"H &&@*Z 4>-
H,DL,6F" B@ B,D,<,>>Z< #1000 4 #1001 (#1000=–STS, #1001=RDY). G@, RH@ B@
B,D,<,>>Z< #1000, ..., #1015 8"84, &&@*Z 2"BD@F4H\, JFH">"&:4&",HFb B"D"<,H-
D"<4. IFH">@&4H\ B"D"<,HD 9221 I_LINE, F@(:"F>@ B@*8:`R,>4` F4(>":@& –STS
4 RDY ((:"&" 5.5.2 FHD">4P" 61.). +F:4 ^H4 &&@*Z B@*8:`R,>Z 8 I040, I041, H@
9221 I_LINE=4.

9 +F:4 4FB@:\2@&"H\ 42<,D4H,:\>Z, <"8D@8@<">*Z NCT, 2"B@:>4H\ (DJBBJ B"D"-
<,HD@& 9041 GMACRO F:,*J`V4< @$D"2@<: 9041 G(9010)=101, 9042
G(9011)=102, 9043 G(9012)=103, ..., 9050 G(9019)=110.

10 AD4 0,:">44 >"B,R"H"H\ D,2J:\H"HZ 42<,D,>4b, & B"D"<,HD 9143 PRNT 2"B4-
F"H\ 1.

11 +F:4 TB4>*,:\ b&:b,HFb 4>*,8F4DJ,<Z<, 4 4>*,8F"P4b &ZB@:>b,HFb >" 8@*
M, <"8D@B,D,<,>>Z<4 #510 2"*"&"H\ 8@* H@6 LJ>8P44 M, B@ 8@H@D@<J
TB4>*,:b 42 F@FH@b>4b @D4,>H"P44 (M19) B@&,D>.HFb 4>8D,<,>H>@ >" 180°.
+F:4 TB4>*,:\ 4>*,8F4DJ,<Z6 B@ "*D,FJ C, 2":"&"H\ 2>"R,>4, #510=1, 4 &
<"8D@8@<">*, O9011 >"N@*4H\ BD,*:@0,>4, N40 4 & <,FH@ 8@<">*Z M#510
2"B4F"H\ C180.

12 1"(DJ24H\ & JBD"&:,>4, F:,*J`V4, BD@(D"<<Z: O9010, O9011, ..., O9019, O9983,
O9984, ..., O9989.
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7.10 AD4&,*,>4, & *,6FH&4, "&H@<"H4R,F8@(@ 42<,D4H,:b 4>FHDJ<,>H", @$@DJ*@&">-
>@(@ >" H@8"D>Z6 FH">@8 

1 AD@&,D4H\ B@*8:`R,>4, 42<,D4H,:b 4>FHDJ<,>H" 4 8"DHZ BD4B"F@&84 ((:"&"
5.5.2 FHD">4P" 61.). %8:`R4H\ ^8D"> G+EG 31;+C3G+9[=?5 E3EG+;Y
((:"&" 6.3.5 FHD">4P" 92.), 4 F B@<@V\` @B,D"P44 Tp. trg test <@0>@ BD@&,D4H\,
RH@ >"04<"b @H*,:\>@ &8:`R"H,:b 42<,D4H,:b 4>FHDJ<,>H" F@ &F,N R,HZD.N
FH@D@>, 42<,>b,HFb :4 F4(>": PROBE >" F@@H&,HFH&J`V,< &&@*,. %8:`R4&
^8D"> I/O G+EG ((:"&" 6.3.3 FHD">4P" 87.), BD@&,D4H\, RH@ &Z&@*Z >" 24% –STS
B@b&bHFb :4 >" &&@*"N F@@H&,HFH&J`V,(@ 4>H,DL,6F".

2 %FH"&4H\ & BD@(D"<<J PLC F:,*J`V4,:
:001
...
...

/* !%G?;!G3Q+E7?+ 31;+C+=3+ )93=Y 3=EGCI;+=G! */

Y403 ;,F:4 D,04< *&40,>4b

 (I426AV426);,F:4 "&H@42<,D,>4, *:4>Z 4>FHDJ<,>H"
;>"0"H" 8>@B8"

  Y426 ;,F:4 "&H@<. D,04< 2"<,D"
D426 ;8@>,P "&H@<. D,04<" 2"<,D"
D546 ;&Z8:`R,>4, <@*J:b:002

  E ;& BD@R,<
U426 ;"&H@<. D,04< 2"<,D" 
DF0800;BD,*Z*JV,, F@FH@b>4, I027
U546 ;&8:`R,>4, <@*J:b:002

  Z ;8@>,P JF:@&4b "&H@<. D,04<" 2"<,D"
 Z ;"&H@42<,D,>4, *:4>Z 4>FHDJ<,>H" 

;8@>,P JF:@&4b 8>@B8" >"0"H"

LRH027;8@* 42@$D"0,>4b ^8D">"
 =.0405 ;,F:4 4*.H 2"<,D 8@DD,8P44 *:4>Z

;>" ^8D">,
 E ;& BD@R,<

D426 ;8@>,P "&H@<. D,04<" 2"<,D"
D546 ;&Z8:`R,>4, <@*J:b:002
,0 ;0 & OP
SY58 ;FH,D,H\ 4>*48"H@DZ

 Z ;4*.H 2"<,D 8@DD,8P44 *:4>Z 
;8@>,P JF:@&4b 

E ;& BD@R,< D,04< >,H DJR>@(@ BD4&@*"
D426 ;8@>,P "&H@<. D,04<" 2"<,D"
D546 ;&Z8:`R,>4, <@*J:b:002
,0 ;0 & OP
SY58 ;FH,D,H\ 4>*48"H@DZ

Z ;8@>,P JF:@&4b 4*.H D,04< DJR>@(@ BD4&@*"
...
...
J1

/* <@*J:\:002 */

:002

NLP027 ;2"BD@F 42<,D4H,:b 4>FHDJ<,>H"
SF0801 ;<(>@&,>>@, F@FH@b>4, 42<,D4H,:b 4>FHDJ<,>H"

(NF0800 ;,F:4 *@ ^H@(@ >, $Z:" >"0"H"
AF0801) ;4 F,6R"F >"0"H"

 Y430 ;,F:4 jog X+ 
U580 ;"8H4&>Z6 42<,D4H,:\ &8:`R. X+

 E ;& BD@R,<
D580 ;"8H4&>Z6 42<,D4H,:\ &Z8:`R X+

 Z ;8@>,P JF:@&4b jog X+
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 Y434 ;,F:4 jog X- 
U581 ;"8H4&>Z6 42<,D4H,:\ &8:`R X-

 E ;& BD@R,<
D581 ;"8H4&>Z6 42<,D4H,:\ &Z8:`R X-

 Z ;8@>,P JF:@&4b jog X-

 Y432 ;,F:4 jog Z+ 
U582 ;"8H4&>Z6 42<,D4H,:\ &8:`R Z+

 E ;& BD@R,<
D582 ;"8H4&>Z6 42<,D4H,:\ &Z8:`R Z+

 Z ;8@>,P JF:@&4b jog Z+

 Y436 ;,F:4 jog Z- 
U583 ;"8H4&>Z6 42<,D4H,:\ &8:`R Z-

 E ;& BD@R,<
D583 ;"8H4&>Z6 42<,D4H,:\ &Z8:`R Z-

 Z ;8@>,P JF:@&4b jog Z-

Z ;8@>,P JF:@&4b *@ ^H@(@ >, $Z:" >"0"H"

(F0800 ;,F:4 *@ ^H@(@ >"0"H" $Z:" 
ANF0801) ;4 F,6R"F >, >"0"H"

D580 ;"8H4&>Z6 42<,D4H,:\ &Z8:`R X+
D581 ;"8H4&>Z6 42<,D4H,:\ &Z8:`R X-
D582 ;"8H4&>Z6 42<,D4H,:\ &Z8:`R Z+
D583 ;"8H4&>Z6 42<,D4H,:\ &Z8:`R Z-

Z ;8@>,P JF:@&4b *@ ^H@(@ $Z:" >"0"H"

LF0801 ;<(>@&,>>@, F@FH@b>4, 42<,D4H,:b 4>FHDJ<,>H"
SF0800 ;BD,*Z*JV,, F@FH@b>4, 42<,D4H,:b 4>FHDJ<,>H"

J2

/* 8@>,P <@*J:b:002 */

3 AD@&,D4H\, RH@ 2"B@:>,>4, B"D"<,HD" 8042 G37BIT F@@H&,HFH&J,H :4 B@*8:`R,-
>4` 42<,D4H,:b 4>FHDJ<,>H" (F<@HD4 (:"&J ? >" FHD">4P, ?.).

4 % B"D"<,HD, 8022 G37FD 2"*"&"H\ 2>"R,>4, H@6 B@*"R4, F 8@H@D@6 4>FHDJ<,>H
0,:",< FH@B@D4H\ F 8>@B8@6 42<,D4H,:b.

5 %8:`R4H\ D,04< DJR>@(@ BD4&@*" F 4FB@:\2@&">4,< 8>@B84 . 1"(DJ24H\

@*4> 4>FHDJ<,>H. %Z$D"H\ ̂ 8D"> 1!;+C 7?CC+7O33 )93=Y 4 @B,D"P4,6
A@4F8 D,(4FHD" 8@DD,8P44 @*>J (DJBBJ 8@DD,8P44. 

6 1"H,< &Z$D"H\ @B,D"P4` !&H@<"H4R,F846 2"<,D. +F:4 >"0"H4, 8>@B84 @B,D"-
P44 >, BD4>4<",HFb JBD"&:,>4,<, BD@&,D4H\ & BD@(D"<<, PLC @$D"V,>4, F 4>-
*48"H@D"<4 I426, Y426.

7 A,D,<,V"b 8:"&4T"<4 , , , , BD48@F>JH\Fb 8@>R48@< 4>FH-

DJ<,>H" B@ @R,D,*>@ F@@H&,HFH&J`V4, &8:`R"H,:4 42<,D4H,:\>@(@ FD,*FH&".
A@F:, >"$,(" >" &8:`R"H,:\ 42<,D4H,:b, JBD"&:,>4, *@:0>@ "&H@<"H4R,F84
@FH">@&4H\Fb, 2"H,< >"0"& 8:"&4TJ *&40,>4b BD@H4&@B@:@0>@(@
>"BD"&:,>4b, *@:0>@ FN@*4H\. +F:4 >, F@@H&,HFH&,>>@ D"$@H",H, BD@&,D4H\
@$D"V,>4, F 4>*48"H@D"<4 Y580, ..., Y583 & PLC.

8 1"<,D4H\ B@24P44 &8:`R"H,:,6 42<,D4H,:b 4>FHDJ<,>H", 4 4N 2>"R,>4, 2"B4-
F"H\ & B"D"<,HDZ 8081 CONTACTX+, ..., 8084 CONTACTZ–. 7":4$D@&8" 42<,-
D4H,:b 4>FHDJ<,>H" 42:@0,>" & (:"&, 7.11 >" FHD">4P, 154.
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7.11 7":4$D@&8" "&H@<"H4R,F8@(@ 42<,D4H,:b 4>FHDJ<,>H" >" H@8"D>@< FH">8,

7":4$D@&8" "8H4&>@(@ 42<,D4H,:b @2>"R",H @BD,*,:,>4, B@24P46 8:"&4T, 4 F@ND">,-
>4, 4N B"D"<,HD"<4 CONTACT. !8H4&>Z6 42<,D4H,:\ &@2<@0>@ 8":4$D@&"H\ *&@b8@.
A,D&"b &@2<@0>@FH\ - ^H@ @BD,*,:,>4, B@24P46 8:"&4T 42<,D4H,:\>@(@ FD,*FH&" &
F4FH,<, 8@@D*4>"H, BD4>bH@6 B@:\2@&"H,:,<, >"BD4<,D & F4FH,<, 8@@D*4>"H, 2"8D,B-
:.>>@6 8 B"HD@>J. AD4 ^H@< 2>"R,>4, 8@DD,8P46 B@ *:4>, F@*,D04H 4 F<,V,>4,
>J:,&@6 H@R84 B@ @H>@T,>4` D,L,D,>H>@6 H@R84.
%H@D"b &@2<@0>@FH\ - ̂ H@ @BD,*,:,>4, B@24P46 8:"&4T 42<,D4H,:\>@(@ FD,*FH&" B@
@H>@T,>4` D,L,D,>H>@6 H@R84 AD4 ̂ H@< 2>"R,>4, 8@DD,8P46 B@ *:4>, D"&>@ &Z:,-
H@< 4>FHDJ<,>H".

%>4<">4,!
A"D"<,HDZ 8081 CONTACTX+ 4 8082 CONTACTX– *@:0>Z $ZH\ 2"*">Z &F,(*" D"*4J-
F@<, >,2"&4F4<@ @H H@(@, RH@ & JBD":,>44 @F>@&>Z< 4FFH@:8@&">4,< b&:b,HFb *4"-
<,HD 4:4 D"*4JF. %F, B"D"<,HDZ CONTACT *@:0>Z $ZH\ 2"*">Z J*&@,>>@ B@ FD"&>,-
>4` F4FH,<, <,D &Z&@*", 1>"R4H, ,F:4 >"BD4<,D & F:JR", <,HD4R,F8@(@ FH">8" 4
INCRSYSTB=1*@:0>Z 2"*"&"H\ & :<-"N $,2 *,FbH4R>@6 2"BbH@6.
A,D,* >"R":@< 8":4$D@&84 >"*@ J*":4H\ &F, 8@DD,8P44 B@ *:4>,, F<,V,>4b >J:,-
&@6 H@R84, " H"80, &F, B"D"<,HDZ CONTACT.

7.11.1 7":4$D@&8" "8H4&>@(@ 42<,D4H,:b 8 F4FH,<, 8@@D*4>"H B"HD@>".

7":4$D@&8" B@ @F4 X
%ZH@R4H\ BD@42&@:\>J` 2"(@H@&8J,
B@ @F4 Z @HN@*4H\ @H N"(@H@&84, 4
F>bH\ FH">@R>J` B@24P4` @F4 X, @-
$@2>"R,>>J` >" D4FJ>8, XTHJ8.
32<,D4H\ *4"<,HD 2"(@H@&84, @$@2>"-
R,>>J` >" D4FJ>8, D.
%ZB@:>4H\ "&H@<"H4RF,846 2"<,D
*:4>Z 4>FHDJ<,>H" >" @F>@&">44 42-
:@0,>>ZN & “CJ8@&@*FH&, ̂ 8FB:J"H"-
P44 4 @B4F">44 D"$@HZ” B@ >"BD"&:,-
>44 X–. AD@R4H"H\ 2>"R,>4, &Z$D">-
>@(@ D,(4FHD" F 8@DD,8P4,6 X,
@$@2>"R,>>@, >" D4FJ>8, X(–). =" @-
F>@&">44 2"&4F4<@FH4 >40, &ZR4F-
:4H\ 2>"R,>4, B"D"<,HD" CONTACTX– 4 2"B4F"H\ ,(@:
 CONTACTX– = [X(–) – (XTHJ8 – D)]/2
% JD"&>,>44 &ZT, BD,*B@:@("*4, RH@ 4>*48"P4b X BD@42&@*4HFb B@ *4"<,HDJ. =" @-
F>@&">44 FB@F@$", BD4&,*,>>@(@ &ZT,, <@0>@ @BD,*,:4H\ B@:@0,>4, 8:"&4T4 4 &
>"BD"&:,>44 X+.
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7":4$D@&8" B@ @F4 Z
?BD,*,:4H\ B@24P4` 8@>R48" 4>FH-
DJ<,>H" B@ @H>@T,>4` B:@F8@FH4
B"HD@>", @$@2>"R,>>J` >" D4FJ>8,
ZB"HD@>.
%ZB@:>4H\ "&H@<"H4RF,846 2"<,D
*:4>Z 4>FHDJ<,>H", F@(:"F>@ 42:@-
0,>>Z< & BD,*Z*JT,< BJ>8H,, & >"-
BD"&:,>44 Z–. AD@R4H"H\ 2>"R,>4,
&Z$D">>@(@ D,(4FHD" F 8@DD,8P4,6 Z,
@$@2>"R,>>@, >" D4FJ>8, Z(–). =" @-
F>@&">44 2"&4F4<@FH4 >40, &ZR4F-
:4H\ 2>"R,>4, B"D"<,HD" CON-
TACTZ– 4 2"B4F"H\ ,(@:

CONTACTZ– = Z(–) – ZB"HD@>
=" @F>@&">44 FB@F@$", BD4&,*,>>@(@
&ZT,, <@0>@ @BD,*,:4H\ B@:@0,>4, 8:"&4T4 4 & >"BD"&:,>44 Z+.

7.11.2 7":4$D@&8" "8H4&>@(@ 42<,D4H,:b B@ @H>@T,>4` D,L,D,>H>@6 H@R84

C"FF<@HD4< F:,*J`V46 D4FJ>@8.
%FH"&4H\ & D,2P,*,D0"H,:\ 4>FHDJ-
<,>H F 42&,FH>Z< &Z:,H@<. %Z:,H
4>FHDJ<,>H" @$@2>"R",HFb >" D4FJ>8,
XT, ZT.
%ZB@:>4H\ "&H@<"H4RF,846 2"<,D
*:4>Z 4>FHDJ<,>H", F@(:"F>@ 42:@-
0,>>Z< & BD,*Z*JT,< BJ>8H,. ="
D4FJ>8, ^H@ B@8"2">@ & >"BD"&:,>44
X–, Z–. AD@R4H"H\ 2>"R,>4, &Z$D">-
>@(@ D,(4FHD" F 8@DD,8P4,6 X, " H"8-
0, Z, @$@2>"R,>>@, >" D4FJ>8, X(–),
Z(–). =" @F>@&">44 2"&4F4<@FH4 >40,
&ZR4F:4H\ 2>"R,>4b B"D"<,HD@&
CONTACT 4 2"B4F"H\ 4N:

CONTACTX– = X(–) – XT
CONTACTZ– = Z(–) – ZT

]H@H FB@F@$ <@0>@ B@&H@D4H\ 4 *:b @FH":\>ZN 8:"&4T.
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7.12 AD@R4, JFH">@&84

7.12.1 ?$D"V,>4, B@FH@b>>Z<4 PLC

G"8 >"2Z&",<Z, B@FH@b>>Z, PLC BD,*FH"&:b`H F@$@6 B"D"<,HDZ F 16 &4H"<4 4 42
BD@(D"<<Z PLC >,B@FD,*FH&,>>@ *@FHJB>Z 8@<">*@6 LRP0nn. ;,0*J B"D"<,HD"<4
D"2*,:,>Z >" *&, (DJBBZ: 0001 CONST 4 0011 CONST2. A,D&Z6 - ̂ H@ H"8 >"2Z&",<Z6
B"D"<,HD @B,D"H@D", 2>"R4H, 4N <@0>@ JFH">@&4H\ 4 42 <,>` IEG!=?%73, " B@F:,*-
>46 - H@:\8@ FD,*4 LJ>8P46 E+C%3E. % 2"*"RJ BD@(D"<4FH" PLC &N@*4H D,T4H\,
JFH">@&8J 8"84N B@FH@b>>ZN B@2&@:b,H @B,D"H@DJ, 4 8"84N >,H.
?>4 BD4<,>4<Z *:b &ZB@:>,>4b F"<ZN D"2>ZN 2"*"R. ="BD4<,D: *:b 8@>L4(JD"P44
FH">8", 4:4 *:b JFH">@&84 B,D4@*" F<"284 4 B"J2Z <,0*J *&J<b F<"28"<4.

7.12.2 IFH">@&8" B"D"<,HD@& F<,>Z 4>FHDJ<,>H@&

1 +F:4 BD@(D"<<" PLC B@:\2J,HFb *:b JR.H" 4>FHDJ<,>H@& H"$:4P,6 <,FH 4>FHDJ-
<,>H@&, JFH">@&4H\ B"D"<,HD@< 0061 MAGAZIN *:4>J H"$:4PZ <,FH 4>FHDJ-
<,>H@&.

2 +F:4 BD@(D"<<" PLC B@:\2J,HFb H"$:4P,6 @$V,(@ >"2>"R,>4b PLC, JFH">@&4H\
B"D"<,HD@< 0062 PLC_TAB *:4>J H"$:4PZ.

3 IFH">@&4H\ B"D"<,HD 0082 M06. +F:4 2>"R,>4, B"D"<,HD" D"&>@ 0, F<,>" 4>FH-
DJ<,>H" &ZB@:>b,HFb B@ 8@*J T, ,F:4 2>"R,>4, B"D"<,HD" D"&>@ 1, - B@ 8@*J
M06. ]H@H B"D"<,HD >,@$N@*4<@ JFH">@&4H\ *:b BD"&4:\>@(@ &ZB@:>,>4b B@4F-
8" BD,*:@0,>46.

7.12.3 IFH">@&8" B"D"<,HD@& ">":@(@&ZN &Z&@*@& @$V,(@ >"2>"R,>4b

IBD"&:,>4, B@2&@:b,H &Z*"&"H\ ">":@(@&@, >"BDb0,>4, >" *&JN BD@42&@:\>ZN ">":@-
(@&ZN &Z&@*"N 8"DHZ XMU 42 BD@(D"<<Z PLC F B@<@V\` 4>*48"H@D@& Y670, ..., Y677
4 D,(4FHD@& RH080, ..., RH087.
1 A@*&8:`R4H\ 4 8@>L4(JD4D@&"H\ 8"DHJ XMU F@(:"F>@ (:"&Z ? >" FHD"P4P, ?.

7@>L4(JD"P4b JFH">"&:4&",HFb & (DJBB, B"D"<,HD@& 0101 COMMAND.
2 IFH">@&4H\ *,:,>4b &Z&@*@& 4 8DJH42>J >"$,(" 4 F8"H" F4(>":" & (DJBB"N B"D"-

<,HD@& 0121 ANALOG1 4 0141 ANALOG2.

7.12.4 IFH">@&8" F<"284 B@ BD@6*,>>@. BJH4

A"D"<,HD@< 016n LUBCONSTn (n=1, ..., 8, >@<,D @F4) JFH">&:4&",HFb, B@F:, BD@N@0-
*,>4b 8"8@6 BJH4 2"BJF8"H\ P48: F<"284. A@F:, BD@N@0*,>4b 2"*">>@6 B"D"<,HD@<
BJH4, JBD"&:,>4,< & F4:J 1 P48:" PLC 2"B4T,HFb 4>*48"H@D I57n & 1.

7.12.5 A,D,*"R" LJ>8P46 B@ "*D,FJ A, B, C

 NC B@ "*D,FJ A, B, 4:4 C <@0,H B,D,*"&"H\ LJ>8P44 *:b PLC, F B@<@V\` F4(>":@&
2"B4F4 I527, I530, I531 4 D,(4FHD@& RH007, RH008, RH009. ):b H@(@, RH@$Z "*D,F,
2"B4F">>Z6 & BD@(D"<<J *,H":,6, B,D,*":Fb 8"8 LJ>8P4b, F@@H&,HFH&J`V46 B"D"-
<,HD 0183 A.MISCEL, 0185 B.MISCEL, 4:4 0189 C. MISCEL >"*@ 2"B4F"H\ & 1. 
="BD4<,D, ,F:4 4FB@:\2@&"H\ *,:4H,:\>Z6 FH@: F @F\` B@&@D@H", B"D"::,:\>@6 @F4
Y, 4 B,D,<,V,>4, FH@:" &ZB@:>b,HFb >, F B@<@V\` F,D&@, "*D,F B <@0>@ &Z*,:4H\
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*:b LJ>8P44. AD4<,>b,HFb 4 *:b 2"*">4b 2>"R,>4b ">":@(@&@(@ &Z&@*".

7.12.6 ="FHD@68" ^8D">"

1 /,:",<Z6 4FB@:\2@&"H\ b2Z8 JFH">&:4&",HFb & (DJBB, B"D"<,HD@& 0501 LAN-
GUAGE.

2 ):b B@*P&,H84 ^8D">" 4<,,HFb *&,&@2<@0>@FH4. +F:4 4FB@:\2@&"H\ *:b D"F-
P&,H84 ̂ 8D">" JFH">@&8J 0521 USERCOLOR=0, JBD"&:,>4,< $J*,H 4FB@:\2@&"-
>" &FHD@,>>"b P&,H@&"b ("<<", >,2"&4F4<@ @H BD@R4N JFH">@&@8 B"D"<,HD@&
(DJBBZ B"D"<,HD@& 0521 COLORV. 3F8:`R,>4,< b&:b,HFb B"D"<,HD 0522 BOR-
DER, A@ 8@H@D@<J <@0>@ 4 BD4 ̂ H@< 2"*"&"H\ P&,H D"<84. AD,*:@0,>>@, 2>"-
R,>4, 7.

3 +F:4 4FB@:\2@&"H\ JFH">@&8J 0521 USERCOLOR=1, >"*@ 2"B@:>4H\ 8"0*Z6 ̂ -
:,<,>H (DJBBZ B"D"<,HD@& 0521 COLORV.

4 %@ &D,<b (D"L4R,F8@(@ &ZF&,R4&">4b HD",8H@D44 4>FHDJ<,>H" >" ^8D">, >,-
$@:\T@6 8D,FH48 B@8"2Z&",H B@:@0,>4, 8@>R48" 4>FHDJ<,>H". 7D,FH48 >"D4-
FJ,HFb >" ^8D">, H@:\8@ H@(*", ,F:4 JFH">@&:,>@ 0562 CROSS ON=1. C"2<,D
8D,FH48" 2"*".HFb B"D"<,HD@< 0561 CROSS DOT. ?$:"FH\ ,(@ @BD,*,:,>4b:
0...7.

5 % 4>H,D,F"N J&,:4R,>4b FD@8" F:J0$Z ^8D">" & :`$@< F:JR", P,:,F@@$D"2>@
JFH">@&4H\ ND">4H,:\ ^8D">". MD">4H,:\ ^8D">" & >"T,< F:JR", @2>"R",H B@-
FH,B,>>@, J<,>\T,>4, bD8@FH4. +F:4 0564 SCREEN SAVER=0, 2>"R4H >,H ND"-
>4H,:b ̂ 8D">". +F:4 2"B4F">>@, & B"D"<,HD 0564 SCREEN SAVER>0 R4F:@ @2-
>"R",H &D,<b 2"BJF8" ND">4H,:b ^8D">", @HFR4HZ&"b @H B@F:,*>,(@ >"0"H4b
8:"&4T, & <4>JH"N. A"D"<,HD@< 0565 SHADING JFH">"&:4&",HFb, RH@ *@ 8"8@6
@HH,>84 2"H,<>4H\ ̂ 8D">. +F:4 JBD"&:,>4,< &Z*".HFb F@@$V,>4, @$ @T4$8,,
ND">4H,:\ ̂ 8D">" B,D,8:`R",HFb >" <"8F4<":\>J` bD8@FH\ 4 P48: F>@&" >"R4-
>",HFb.

6 % F:JR", P4LD@&@(@ BD4<,>,>4b BD4&@*@& NCT, & 4>*48"P44 JBD"&:,>4b
<@0>@ B@8"2"H\ 4 H@8 (:"&>ZN 4 &FB@<@("H,:\>ZN BD4&@*@& >" ^8D">"N,
B@8"2Z&"`V4N B@24P4` 8@>,R>@6 H@R84. E<@HD4 42:@0,>>Z, & (DJBB,
B"D"<,HD@& 0581 DSPX.

7 =" ̂ 8D">, 7!G!9?' AC?'C!;; &Z&,*,>4, FB4F8@& BD@(D"<< JFH">"&:4&"-
,HFb B"D"<,HD"<4 0566 DNC LINES," H"80, 0584 DSP LST.

8 %@ &D,<b D,*"8H4D@&">4b 4<,,HFb &@2<@0>@FH\ *:b "&H@<"H4R,F8@6 >J<,D"-
P44 JBD"&:,>4,<. +F:4 0567 N STEP=0, >,H >J<,D"P46, ,F:4 0567 N STEP>0,
B@F:, 8"0*@(@ B,D,N@*" 8 >@&@<J BD,*:@0,>4`, JBD"&:,>4,< "&H@<"H4R,F84
4>8D,<,>H4DJ,HFb "*D,F N R4F:@<, 2"B4F">>Z< & B"D"<,HD.

7.12.7 A"D"<,HDZ, &:4b`V4, >" B,D,<,V,>4, @F,6

1 %@ &D,<b @$D"$@H84 <@0>@ JF8@D4H\ B@*"RJ, >"0"& 8:"&4TJ $ZFHD@(@ N@*":

. A"D"<,HD@< 1371 FMULT <@0>@ 2"*"&"H\, RH@ & F8@:\8@ D"2 J&,:4R4H\

B@*"RJ.

2 +F:4 1372 JOGFEED=0, BD4 4FB@:\2@&">44 8:"&4T B,D,<,V,>4b @F,6 ( ,
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, 4 H.*.) 1>"R,>4, B@*"R4 D"&>@ >"F:,*FH&,>>@6 B@*"R, & <</<4>. +F:4

2>"R,>4, B"D"<,HD" 1 (D,8@<,>*@&">>@,), B@*"R4 $,DJHFb 42 H"$:4PZ >" @F>@-
&">44 B@:@0,>4b BD@P,>H>@(@ &8:`R"H,:b B@*"R4. (E<@HD4 B"D"<,HD 1372
JOGFEED.)

3 AD4 @$D"$@H8, 4<BJ:\F@& <"N@&4R8" JBD"&:,>4,<,L"8J:\H"H4&>@, @F\ B,D,<,-
V",HFb *@ H@(@, B@8" &D"V"`H <"N@&4R@8 (4<BJ:\FZ >, FH"&bHFb & $JL,D), 4:4
&F,(*" @HT"(",HFb 2>"R,>4,, &4*>@, >" *,:,>44 (4<BJ:\FZ FH"&bHFb & $JL,D).
32 *&JN &@2<@0>@FH,6 <@0>@ &Z$4D"H\ B"D"<,HD@< 1373 HNDLFEED. =" <,*-
:,>>@< FH">8,, (*, 2>"R,>4, $ZFHD@(@ N@*" >,$@:\T@,, D,8@<,>*J,HFb JFH">@&-
8" 1373 HNDLFEED=1 ($,2 $JL,D").

4 ;4>4<":\>@, 2>"R,>4, B@:@0,>4b BD@P,>H>@(@ &8:`R"H,:b $ZFHD@(@ N@*" J-
FH">"&:4&",HFb B"D"<,HD@< 1204 RAPOVER. C,8@<,>*@&">>@, 2>"R,>4,: 1...5%.

5 A@F:, *&40,>4b $ZFHD@(@ N@*" &ZB@:>b,HFb 4:4 >, &ZB@:>b,HFb ">":42 B@24-
P46 & 2"&4F4<@FH4 @H 2>"R,>4b B"D"<,HD" 1241 POSCHECK (B@(D,T>@FH\ F:,-
0,>4b < 4261 INPOS)

7.12.8 IFH">@&84, &ZB@:>b`V4, 4>4P4":42"P4` B@F:, &8:`R,>4b 4 B,D,2"(DJ284

1 A"D"<,HD@< 1061 FEED 2"*".HFb & ,*4>4P"N <</<4>, RH@ 8"84< 2>"R,>4,< B@-
*"R4 F *@:0>@ B@FHD@4H\Fb JBD"&:,>4, B@F:, &8:`R,>4b. +F:4 2"BD@(D"<<4-
D@&"H\ B@F:, &8:`R,>4b B@*"RJ 2" @$@D@H (G95) $,2 2"*">4b F, JBD"&:,>4, B,D,-
<,V",HFb F@ F8@D@FH\` FEED/10 <</<4>.

2 A"D"<,HD@< 1081 CTSURFSP 2"*".HFb B@FH@b>>"b F8@D@FH\ D,2">4b, 4FFH@:8@-
&">>"b B@F:, &8:`R,>4b, *":,, B"D"<,HD@< 1082 CSAXIS, RH@ *:b 8"8@6 @F4
@>" FR4H",HFb.

3 % (DJBB, B"D"<,HD@& 1221 CODES 2"*".HFb, RH@ 8"84< 2>"R,>4,< 8@*" G B@-
FHD@4H\Fb JBD"&:,>4, B@F:, &8:`R,>4b, *":,, 8"8@, F@FH@b>4, *@:0>@ BD4>4-
<"H\ B@F:, B@:>@6 B,D,2"(DJ284 "&H@<"H4R,F8@(@ D,04<", ,F:4 2>"R,>4, B"D"-
<,HD" 1243 CLEAR D"&>@ 1. ?$ZR>@, 2>"R,>4, 1222 G17 G18, 4:4 1226 G94 G95
>" JBD"&:,>44 LD,2,D>Z< FH">8@< 0, H@8"D>Z< FH">8@< 1. A"D"<,HD 1227
MULBUF JFH">@&4H\ & 1.

7.12.9 C"2:4R>Z, B"D"<,HDZ, &:4b`V4, >" BD@(D"<<4D@&">4, *,H":4

]H4 B"D"<,HDZ >"N@*bHFb & (DJBB, B"D"<,HD@& COMMON 4 MACRO. AD@R4H"& @B4F"-
>4, B"D"<,HD@&, 4N JFH">@&8J @$*J<"H\ B@ @*>@<J. % *":\>,6T,< @H*,:\>@ @$D"V",<
2*,F\ &"T, &>4<">4, >" >,F8@:\8@ B"D"<,HD@&, &:4b`V4, >" &ZB@:>,>4, BD@(D"<<Z
*,H":,6.

1 AD4 4>H,DB@:bP44 @8DJ0>@FH4 JBD"&:,>4,< >" F"<@< *,:, &ZB@:>b,HFb 4>-
H,DB@:bP4b FB4D":4 !DN4<,*". A"D"<,HD@< 1021 RADDIF 2"*".HFb, RH@ 8"8"b
<@0,H $ZH\ D"2>4P" <,0*J D"*4JF"<4 >"R":\>@6 4 8@>,R>@6 H@R,8 @8DJ0>@F-
H4.

2 % @B4F">44 BD@(D"<<4D@&">4b BD4 2"*">4b 4>H,DB@:bP44 @8DJ0>@FH4 (G02,
G03) 42:@0,>@, RH@ ,F:4 2"*".HFb P,>HD @8DJ0>@FH4 B@ "*D,FJ I, J, K, 4N 2>"R,-
>4, b&:b,HFb &F,(*" 4>8D,<,>H>Z<, 4 @HFR4HZ&",HFb @H P,>HD" @8DJ0>@FH4:
1246 CCABS=0 - ^H@ ,FH\ @$ZR>"b 4 D,8@<,>*@&">>"b JFH">@&8". +F:4 1246
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CCABS=1, H@(*" 4FFH@:8@&">4, "*D,F@& I, J, K BD@4FN@*4H &F,(*" & "$F@:`H>@<
2>"R,>44. 

3 AD4 4FB@:\2@&">44 B@:\2@&"H,:\F84N <"8D@8@<">* G M S T A B C B@:@0,>4,
B"D"<,HD" 9126 FGMAC &:4b,H >" &ZB@:>,>4, BD@(D"<<Z.

4 =" F8@D@FH\ &ZB@:>,>4b <"8D@BD,*:@0,>46 &:4b,H B"D"<,HD 9161 SBSTM.



8.1 %&,*,>4,

160

8 A"D"<,HDZ

8.1 %&,*,>4,

#:"(@*"Db B"D"<,HD"< FH">@&bHFb *@FHJB>Z<4 *:b B@:\2@&"H,:,6 H, B,D,<,>>Z, J-
BD"&:,>4b, R,D,2 8@H@DZ, <@0>@ BD4B"F@&"H\ HD,$@&">4b 8@<B\`H,D" 4 B@*8:`R,>-
>Z< B,D4L,D4b<.
% @B4F">44 42:@0,>Z @H*,:\>Z, B"D"<,HDZ, F@(:"F>@ B@Db*8J 4N JR.H" & JBD"&:,-
>44. +F:4 2>",< >"2&">4, B"D"<,HD", H@(*" F B@<@V\` !:L"&4H>@(@ J8"2"H,:b <@0-
>@ FD"2J BD@:4FH"H\ >" F@@H&,HFH&J`VJ` FHD">4PJ.

IBD"&:,>4, F@*,D04H HD4>"*P"H\ (DJBB B"D"<,HD@&, @>4 b&:b`HFb F:,*J`V4<4:
0001 IPLCONST (B@FH@b>>Z, PLC)
0501 DISPLAY (B"D"<,HDZ, F:J0"V4, *:b @L@D<:,>4b ^8D">")
1001 COMMON (F@&<,FH>Z, B"D"<,HDZ @$V,(@ >"2>"R,>4b)
2001 SERIAL (B"D"<,HDZ B@F:,*@&"H,:\>@6 B,D,*"R4 RS- 232C)
2501 FEED/ACC (B"D"<,HDZ @$D"$@H84 NSNP) 
3001 AX.LIMIT (8@>,R>@, B@:@0,>4, F B"D"<,HD@<, 2"BD,V.>>"b

2@>")
4001 SERVO (*@$"&@R>Z6 BD4&@*)
5001 SPINDLE ((:"&>Z6 BD4&@*)
5801 STRAIGHTNESS (B"D"<,HDZ 8@<B,>F"P44 BDb<@:4>,6>@FH4) 
6001 PTCHCMP (8@<B,>F"P4b B@(D,T>@FH4 T"(" D,2\$Z

T"D48@&@(@ &4>H")
7001 REFPAR (BD4.< D,L,D,>H>@6 H@R84)
8001 MEASURE (VJB)
9001 MACRO (B"D"<,HDZ &ZB@:>,>4b <"8D@8@<">*)

A@ (DJBB"< >"N@*4< B"D"<,HDZ, F&b2">>Z, F @H*,:\>Z<4 2"*"R"<4 JBD"&:,>4b.

A"D<,HDZ F H@R84 2D,>4b BD"&@<@R4b *@FHJB" <@(JH $ZH\ *&" H4B":
– B"D"<,HDZ @B,D"H@D", 4
– F4FH,<>Z, B"D"<,HDZ.

A"D"<,HDZ @B,D"H@D" $,2 2"*">4b @H*,:\>@(@ 8:`R,&@(@ F:@&" <@0>@ 42<,>4H\, >"
42@$D"0,>44 ^8D">" A!C!; ?A+C!G?C!, F@(:"F>@ (:"&, IEG!=?%73.
E4FH,<>Z, B"D"<,HDZ, &<,FH, F B@:\2@&"H,:\F84<4, <@0>@ 42<,>4H\ H@:\8@ >" 42@$-
D"0,>44 ̂ 8D">" A!C!;+GCY, F@(:"F>@ (:"&, E+C%3E, B@F:, D"2D,T,>4b 42<,>,-
>4b (F<@HD4 (:"&J 6.3.1 >" FHD">4P, 84.). C"2D,T,>4, 42<,>,>4b <@0,H BD@4FN@*4H\
>" 42@$D"0,>44 ̂ 8D">" 1!;?7 (:"&Z IEG!=?%73 (F<@HD4 (:"&J 6.4 >" FHD">4P,
100.). 
ED,*4 F4FH,<>ZN B"D"<,HD@& (& (:"&, E+C%3E) B@:\2@&"H,:\F84, B"D"<,HDZ @$@2>"-
R"`HFb F4<&@:@< 7 Db*@< F B"D"<"HD@<.
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   1^*4H@D@< B"D"<,HD" 2"B4FZ&"`HFbH@:\8@ R4F:" & @$:"FH4 0..999999999.

   2 ^*4H@D@< B"D"<,HD" 2"B4FZ&"`HFbH@:\8@ R4F:" & @$:"FH4 ±999999999.
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8.1.1 ?$:"FH\ @BD,*,:,>4b 2>"R,>46 B"D"<,HD@&

A@F:, B"D"<H,D@& 4 B@*(DJBB & F8@$8"N 2"*".HFb @$:"FH\ @BD,*,:,>4b B"D"<,HD". ?-
$@2>"R,>4, H4B" & F8@$8"N B@bF>b,HFb & BD4&,*,>>@6 >40, H"$:4P,;

4<b H4B" B@HD,$>@FH\
<,FH

(byte)

@$:"FH\ @BD,*,:,>4b

BIT c 0, 1

BYTE 1 0..255

SHORTINT 1 –128..127

WORD 2 0..65535

INTEGER 2 –32768..32767

DWORD 4 0..42949672951

LONGINT 4 –2147483648..21474836472

A"D"<,HDZ *">>@(@ H4B" 2"*"`HFb R4F:@<, :,0"V4< & 2"*">>ZN BD,*,:"N @$:"FH4
@BD,*,:,>4b. % *">>@< F:JR", @$:"FH\ @BD,*,:,>4b <@0>@ *":\T, FJ0"H\, F@(:"F>@
4FH@:8@&">4` B"D"<,HD".

L %>4<">4,!
1"B4FZ&",<Z, & B"D"<,HDZ *">>Z, <@(JH $ZH\ H@:\8@ P,:Z<4 R4F:"<4, FFZ:"H\Fb
>" *D@$4 FD,*4 B"D"<,HD@& >,:\2b. G"<, (*" ^H@ HD,$J,HFb, F@@$V",HFb D"2<,D>@FH\,
& 8@H@D@6 B"D"<,HD B@>4<",HFb. % *":\>,6T,< B@bF>b,HFb >,F8@:\8@ B@>bH46, 4F-
B@:\2@&">>ZN & @B4F">44. 

8.1.2 EFZ:8" >" *">>Z, 8@@D*4>"H

A@F8@:\8J *:b B"D"<,HD@& >,:\2b 2"B4F"H\ *D@$\, B"D"<,HDZ, @$@2>"R"`V4, @H*,:\-
>Z, *">>Z, 8@@D*4>"H, F:,*J,H 2"*"&"H\ & 4>8D,<,>H, &&@*", 4:4 &Z&@*". ="* B"D"-
<,HD"<4 J8"2">@, RH@ *">>Z6 B"D"<,HD B@>4<",HFb JBD"&:,>4,< & 8"R,FH&, 4>8D,-
<,>H" &&@*", 4:4 &Z&@*".

3>8D,<,>H &&@*"
G@, RH@ & F:JR", 2"B4FZ&",<@(@ B"D"<,HD" RH@ B@>4<",HFb B@* @*>4< 4>8D,<,>H@<
&&@*", 4FH@:8J,HFb JBD"&:,>4,< >" @F>@&">44 B"D"<,HD" INCH DET, INCRSYSTA,
INCRSYSTB 4 INCRSYSTC. 32 H"$:4PZ, BD4&,*,>>@6 >40,, &ZR4H",HFb, RH@ & F:JR",
:4>,6>ZN @F,6 8"8@&@ 2>"R,>4, 1-(@ 4>8D,<,>H" &&@*":
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1>"R,>4, 1-(@ 4>8D,<,>H" &&@*" & F:JR", :4>,6>@6 @F4

& F:JR", :4>,6>ZN
@F,6

INCRSYSTA=1 INCRSYSTB=1 INCRSYSTC=1

INCH DET=0 0.01 << 0.001 << 0.0001 <<

INCH DET=1 0.001 *`6< 0.0001 *`6< 0.00001 *`6<

A@ B"D"<,HD"< A.ROTARY, B.ROTARY, C.ROTARY <@0>@ &Z*,:4H\ F@@H&,HFH&J`-
VJ` @F\ & 8"R,FH&, @F4 &D"V,>4b (@F\ A, B, 4:4 C). 1>"R,>4, 1-(@ 4>8D,<,>H" &&@*"
& F:JR", @F4 &D"V,>4b:

1>"R,>4, 1-(@ 4>8D,<,>H" &&@*" & F:JR", @F4 &D"V,>4b

& F:JR", @F,6
&D"V,>4b

INCRSYSTA=1 INCRSYSTB=1 INCRSYSTC=1

0.01° 0.001° 0.0001°

3>8D,<,>H &Z&@*" 
3>8D,<,>H &Z&@*" b&:b,HFb &F,(*" B@:@&4>@6 4>8D,<,>H" &&@*". AD4 42<,D,>44 B@-
24P44 4 @$D"V,>44 P,B\` F,D&@ JBD"&:,>4, D"$@H",H &F,(*" & 4>8D,<,>H, &Z&@*".
=,8@H@DZ, B"D"<,HDZ >"*@ 2"*"&"H\ & 4>8D,<,>H, &Z&@*". G@, RH@ & F:JR", 2"B4FZ&"-
,<@(@ B"D"<,HD" RH@ B@>4<",HFb B@* @*>4< 4>8D,<,>H@< &Z&@*", 4FH@:8J,HFb
JBD"&:,>4,< >" @F>@&">44 B"D"<,HD" INCH DET, INCRSYSTA, INCRSYSTB 4
INCRSYSTC. 32 H"$:4PZ, BD4&,*,>>@6 >40,, &ZR4H",HFb, RH@ & F:JR", :4>,6>ZN @F,6
8"8@&@ 2>"R,>4, 1-(@ 4>8D,<,>H" &Z&@*":

1>"R,>4, 1-(@ 4>8D,<,>H" &Z&@*" & F:JR", :4>,6>@6 @F4

& F:JR", :4>,6>ZN
@F,6

INCRSYSTA=1 INCRSYSTB=1 INCRSYSTC=1

INCH DET=0 0.005 << 0.0005 << 0.00005 <<

INCH DET=1 0.0005 *`6< 0.00005 *`6< 0.00005 *`6<

A@ B"D"<,HD"< A.ROTARY, B.ROTARY, C.ROTARY <@0>@ &Z*,:4H\ F@@H&,HFH&J`-
VJ` @F\ & 8"R,FH&, @F4 &D"V,>4b (@F\ A, B, 4:4 C). 1>"R,>4, 1-(@ 4>8D,<,>H" &Z&@*"
& F:JR", @F4 &D"V,>4b:

1>"R,>4, 1-(@ 4>8D,<,>H" &Z&@*" & F:JR", @F4 &D"V,>4b

& F:JR", @F,6
&D"V,>4b

INCRSYSTA=1 INCRSYSTB=1 INCRSYSTC=1

0.005° 0.0005° 0.00005°
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8.1.3 EFZ:8" >" *">>Z, F8@D@FH4 4 JF8@D,>4b

AD4 2"B4FZ&">44 B"D"<,HD" >,:\2b &&@*4H\ *">>Z, & ,*4>4P"N, <,>\T, 1<</<4>, 1
*`6</<4>, 4:4 1°/<4>. % F:JR", :4>,6>@6 @F4 D"2<,D>@FH\ 2"B4FZ&",<ZN *">>ZN
F8@D@FH4 4 JF8@D,>4b @BD,*,:b,HFb B"D"<,HD@< INCH DET. AD4&,*,>>"b >40,
H"$:4P" B@8"2Z&",H 4FH@:8@&">4, *">>ZN F8@D@FH4 4 JF8@D,>4b:

1>"R,>4, 1-@6 ,*4>4PZ F8@D@FH4, JF8@D,>4b & F:JR", :4>,6>@6 @F4

INCH DET F8@D@FH\ JF8@D,>4,

0 1 <</<4> 1 <</F,82

1 1*`6</<4> 1 *`6</F,82

A@ B"D"<,HD"< A.ROTARY, B.ROTARY, C.ROTARY <@0>@ &Z*,:4H\ F@@H&,HFH&J`-
VJ` @F\ & 8"R,FH&, @F4 &D"V,>4b (@F\ A, B, 4:4 C). AD4&,*,>>"b >40, H"$:4P" B@8"-
2Z&",H 4FH@:8@&">4, *">>ZN F8@D@FH4 4 JF8@D,>4b:

1>"R,>4, 1-@6 ,*4>4PZ F8@D@FH4, JF8@D,>4b & F:JR", @F4 &D"V,>4b

F8@D@FH\ JF8@D,>4,

1 °/<4> 1 °/F,82
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8.2 'DJBB" B"D"<,HD@& IPLCONST

0001 CONST B@*(DJBB" (WORD)

00nn CONSTnn (WORD), nn=1..10

0011 CONST2 B@*(DJBB" (WORD)

00nn CONSTnn (WORD), nn=11..40
A,D,*"R" B"D"<,HD@& *:b PLC. 32 BD@(D"<<Z PLC 8@<">*@6 LRP0nn <@0>@ 2"-
BD@F4H\, 40 TH. B"D"<,HD@& F&@$@*>@(@ >"2>"R,>4b. A"D"<,HDZ (DJBBZ CONST
@H>@FbHFb 8 B"D"<,HD"< @B,D"H@D", " (DJBBZ CONST2 - 8 F4FH,<>Z< B"D"<,H-
D"<. AD@(D"<4FH@< PLC D,T",HFb, RH@ 8"84, *">>Z, ND">bHFb & B"D"<,HD"N
@B,D"H@D", 4 8"84, & F4FH,<>ZN B"D"<,HD"N.

0061 PLC_TAB B@*(DJBB" (BYTE)

0061 MAGAZIN (BYTE) 
):4>" H"$:4PZ <,FH 4>FHDJ<,>H@&. % B"D"<,HD MAGAZIN 2"B4FZ&"`HFb 8@:4-
R,FH&@ <,FH & <"("24>, (& <"("24>, 4>FHDJ<,>H@&), H@ ,FH\ R4F:@ 8"D<">@& *:b
4>FHDJ<,>H@&. 0-"b FHD@8" H"$:4PZ B@8"2Z&",H 8@* 4>FHDJ<,>H", 2"8D,B:.>>@-
(@ & TB4>*,:,, H@ ,FH\ 0-6 8"D<"> TB4>*,:b.
G"$:4PZ <,FH 4>FHDJ<,>H@& F >"*B4F\` ;+EG 3=EGCI;+=G?% >"N@*4HFb
FD,*4 42@$D"0,>46 ̂ 8D">" IEG!=?%73, 4 2"B@:>b,HFb 42 B">,:4 @B,D"H@D".
G"$:4P" B4T,HFb, 4:4 R4H",HFb BD@(D"<<@6 PLC B@ "*D,F"< F5nn. 

0062 PLC_TAB (BYTE)
):4>" H"$:4PZ F&@$@*>@(@ >"2>"R,>4b BD@(D"<<Z PLC. G"$:4P" PLC F >"*B4-
F\` G!#93O! PLC >"N@*4HFb FD,*4 42@$D"0,>46 ̂ 8D">" IEG!=?%73. G"$-
:4P" B4T,HFb, 4:4 R4H",HFb BD@(D"<<@6 PLC B@ "*D,F"< F5nn.

0081 TOOLCHNG B@*(DJBB" (BIT)

0081 NODEC (BIT)
=0: ,F:4 & BD,*:@0,>4, (G1, G2, G3), F@*,D0"V,, *&40,>4, B@*"R4, 2"BD@-

(D"<<4D@&"H\ LJ>8P4` (M, S, T, A, B, C), & 8@>P, *&40,>4, JBD"&:,>4,
2"<,*:b,H 4 @FH">@&4HFb, RH@$Z *@0*"H\Fb F4(>":" '?G?%, @H<,R"`-
V,(@ &ZB@:>,>4, LJ>8P44. ="BD4<,D, & BD,*:@0,>44  

G1 X100 Y50 M59
8@(*" *@FH4(>JH" B@24P4b X=100, Y=50 2"<,*:b,H 4 @FH">@&4HFb, RH@$Z
*@0*"H\Fb &ZB@:>,>4b LJ>8P44 M59. +F:4 $Z >, 2"<,*:4:@, 4 &ZB@:-
>,>4, LJ>8P44 F@&,DT4:"F\ $Z B@F:, 4>H,DB@:bP44, FH">@8 *.D>J:Fb
$Z. ]H@ >@D<":\>@, F@FH@b>4, D"$@HZ JBD"&:,>4b.

=1: 4>@(*" $Z&",H, RH@ & 4>H,D,F"N >,BD,DZ&>@(@ *&40,>4b FJBB@DH@&, BD@4F-
N@*bV,(@ R,D,2 >,F8@:\8@ BD,*:@*0,>46, $Z:@ $Z &D,*>@, ,F:4 $Z J-
BD"&:,>4, 2"<,*:4:@ F@(:"F>@ F:JR"` &ZT,. % ̂ H@< F:JR", BD4 2>"R,-
>44 B"D"<,HD" 1 >, 2"<,*:b,H, @*>"8@ BD4 ^H@< >J0>@ F:,*4H\ 2" H,<,
RH@$Z >, 2"BD@(D"<<4D@&"H\ & BD,*:@0,>44 *&40,>4b H"8J` LJ>8P4`,
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8@H@D"b &Z8:`R4:" 4:4 &8:`R4:" $Z F4(>": '?G?%, H"8 8"8 @HFJHFH-
&4, 2"<,*:,>4b B,D,(DJ24:@ $Z FH">@8.

0082 M06 (BIT)
1: F<,>" 4>FHDJ<,>H" BD@4FN@*4H 8@<">*@6 M06. ):b BD"&4:\>@(@ &ZB@:>,>4b
B@4F8" BD,*:@0,>46 B@ ̂ H@<J B"D"<,HDJ >"*@ F@@$V4H\, RH@ F<,>" 4>FHDJ<,>-
H" BD@4FN@*4H 8@<">*@6 M06 (2>"R,>4, B"D"<,HD" =1), 4:4 8@<">*@6 T
(2>"R,>4, B"D"<,HD" =0). 
+F:4 2>"R,>4, B"D"<,HD" 0, BD4 B@4F8, BD,*:@0,>46 BD@4FN@*4H F$@D 2"(DJ-
0",<ZN 4>FHDJ<,>H@& (T).
+F:4 2>"R,>4, B"D"<,HD" 1, H@(*" BD4 B@4F8, BD,*:@0,>46 BD@4FN@*4H F$@D
*&JN 4>FHDJ<,>H@& (T) 4 @*>@6 M06: T(2"(DJ0",<Z6) M06 T (B@*(@H"&:4&",-
<Z6). 7 BJF8J B@*(@H@&4H B,D&Z6 4>FHDJ<,>H & <"("24>,, &ZB@:>b,H M06, H@
,FH\ 2"(DJ0",H B@*(@H@&:,>>Z6 4>FHDJ<,>H, 2"H,< *:b 4>FHDJ<,>H", B@*(@H@&-
:,>>@(@ &H@DZ< (T) 2"BJF8",H B@*(@H@&8J F:,*J`V,(@ 4>FHDJ<,>H".

0083 BIDIR (BIT)
=, 4FB@:\2J,HFb.

0084 FIX (BIT)
=, 4FB@:\2J,HFb.

0101 COMMAND B@*(DJBB" (BYTE)

0101 COMMAND1 (BYTE)
E`*" 2"B4FZ&",HFb >@<,D H@6 @F4, >" ">":@(@&@6 &Z&@* 8@H@D@6 F@$4D",<Fb
&Z*"&"H\ >"BDb0,>4, 42 PLC R,D,2 D,(4FHD" RH080, 4:4 RH081. AD,*,: 2>"R,-
>46 B"D"<,HD" 1 ... 12. =" 1-6 8"DH, XMU R4F:@ &&@*@&, &Z&@*@& (>@<,D @F4) 1
... 4, >" 2-6 8"DH, XMU 5 ... 8, >" 3-6 8"DH, XMU 9 ...12. %Z&@* <@0>@ 8@>L4(JD4-
D@&"H\ >" :`$J` 8"DHJ.

0102 COMMAND2 (BYTE)
E`*" 2"B4FZ&",HFb >@<,D H@6 @F4, >" ">":@(@&@6 &Z&@* 8@H@D@6 F@$4D",<Fb
&Z*"&"H\ >"BDb0,>4, 42 PLC R,D,2 D,(4FHD" RH085, 4:4 RH086. AD,*,: 2>"R,-
>46 B"D"<,HD" 1 ... 12. =" 1-6 8"DH, XMU R4F:@ &&@*@&, &Z&@*@& (>@<,D @F4) 1
... 4, >" 2-6 8"DH, XMU 5 ... 8, >" 3-6 8"DH, XMU 9 ...12. %Z&@* <@0>@ 8@>L4(JD4-
D@&"H\ >" :`$J` 8"DHJ.

0121 ANALOG1 B@*(DJBB" (WORD)

0121 A1 10V (WORD)
1>"R,>4, 8":4$D@&84, @H>@FbV,, 8
B,D&@<J ">":@(@&@<J &Z&@*J 10%. +F:4
PLC 2"B4T,H & D,(4FHD RH080 ^H@ 2>"-
R,>4,, >"BDb0,>4, &Z&@*" $J*,H 10%.

0122 A1 MIN (WORD)
;4>4<":\>@, 2>"R,>4,, &Z*"&",<@, >"
B,D&@< ">":@(@&@< &Z&@*,. +F:4 PLC
2"B4T,H & D,(4FHD RH080 2>"R,>4,
<,>\T, ^H@(@, >"BDb0,>4, &Z&@*" $J-
*,H 2>"R,>4,, @H>@FbV,, 8 ̂ H@<J, 4 >4-
0, ^H@(@ >, J<,>\T",HFb.
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0123 A1 MAX (WORD)
;"8F4<":\>@, 2>"R,>4,, &Z*"&",<@, >" B,D&@< ">":@(@&@< &Z&@*,. +F:4 PLC
2"B4T,H & D,(4FHD RH080 2>"R,>4, $@:\T, ^H@(@, >"BDb0,>4, &Z&@*" $J*,H
2>"R,>4,, @H>@FbV,, 8 ^H@<J, 4 &ZT, ^H@(@ >, B@*>4<",HFb.

0124 A1 ACC (WORD)
7DJH42>" ">":@(@&@6 &Z*"R4 F4(>":"
BD4 JF8@D,>44.
+F:4 2>"R,>4, B"D"<,HD" 0, >"BDb0,-
>4,, F@@H&,HFH&J`V,, 2"B4F">>@<J &
D,(4FHD RH080 2>"R,>4`, FD"2J B@b&4H-
Fb >" &Z&@*,.
+F:4 2>"R,>4, B"D"<,HD" >0, 8DJH42>"
">":@(@&@6 &Z*"R4 F4(>":" A1
ACC/20<F,8.

0125 A1 DCC (WORD)
7DJH42>" ">":@(@&@6 &Z*"R4 F4(>":" BD4 2"<,*:,>44.
+F:4 2>"R,>4, B"D"<,HD" 0, >"BDb0,>4,, F@@H&,HFH&J`V,, 2"B4F">>@<J & D,-
(4FHD RH080 2>"R,>4`, FD"2J B@b&4HFb >" &Z&@*,.
+F:4 2>"R,>4, B"D"<,HD" >0, 8DJH42>" ">":@(@&@6 &Z*"R4 F4(>":" A1
DCC/20<F,8.

0141 ANALOG2 B@*(DJBB" (WORD)

0141 A2 10V (WORD)
1>"R,>4, 8":4$D@&84, @H>@FbV,, 8@ &H@D@<J ">":@(@&@<J &Z&@*J 10%. +F:4
PLC 2"B4T,H & D,(4FHD RH085 ^H@ 2>"R,>4,, >"BDb0,>4, &Z&@*" $J*,H 10%.

0142 A2 MIN (WORD)
;4>4<":\>@, 2>"R,>4,, &Z*"&",<@, >" &H@D@< ">":@(@&@< &Z&@*,. +F:4 PLC
2"B4T,H & D,(4FHD RH085 2>"R,>4, <,>\T, ^H@(@, >"BDb0,>4, &Z&@*" $J*,H
2>"R,>4,, @H>@FbV,, 8 ^H@<J, 4 >40, ^H@(@ >, J<,>\T",HFb.

0143 A2 MAX (WORD)
;"8F4<":\>@, 2>"R,>4,, &Z*"&",<@, >" &H@D@< ">":@(@&@< &Z&@*,. +F:4 PLC
2"B4T,H & D,(4FHD RH085 2>"R,>4, $@:\T, ^H@(@, >"BDb0,>4, &Z&@*" $J*,H
2>"R,>4,, @H>@FbV,, 8 ^H@<J, 4 &ZT, ^H@(@ >, B@*>4<",HFb.

0144 A2 ACC (WORD)
7DJH42>" ">":@(@&@6 &Z*"R4 F4(>":" BD4 JF8@D,>44.
+F:4 2>"R,>4, B"D"<,HD" 0, >"BDb0,>4,, F@@H&,HFH&J`V,, 2"B4F">>@<J & D,-
(4FHD RH085 2>"R,>4`, FD"2J B@b&4HFb >" &Z&@*,.
+F:4 2>"R,>4, B"D"<,HD" >0, 8DJH42>" ">":@(@&@6 &Z*"R4 F4(>":" A2
ACC/20<F,8.

0145 A2 DCC (WORD)
7DJH42>" ">":@(@&@6 &Z*"R4 F4(>":" BD4 2"<,*:,>44.
+F:4 2>"R,>4, B"D"<,HD" 0, >"BDb0,>4,, F@@H&,HFH&J`V,, 2"B4F">>@<J & D,-
(4FHD RH085 2>"R,>4`, FD"2J B@b&4HFb >" &Z&@*,.
+F:4 2>"R,>4, B"D"<,HD" >0, 8DJH42>" ">":@(@&@6 &Z*"R4 F4(>":" A2
DCC/20<F,8.
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0161 LUBCONST B@*(DJBB" (DWORD)

016n LUBCONSTn (DWORD) n=1...8
A"D"<,HD F<"284 B@ BD@6*.>>@6 BJH4. 3>*,8F n @H>@F4HFb 8 >@<,DJ @F4. +F:4
F@@H&,HFH&J`V"b @F\ F@&,DT4:" N@* (D"FFH@b>4, B@>4<",HFb & 4>8D,<,>H,
&&@*"), 2"B4F">>Z6 & B"D"<,HD, NC &FH"&4H 4>*48"H@D I57(n-1) >" &D,<b @*>@(@
P48:" PLC & 1.

0181 ABC B@*(DJBB" (BIT)

0181 A.LINEAR (BIT)
+F:4 @F\, @H>@FbV"bFb 8 "*D,FJ A b&:b,HFb :4>,6>@6 (,. B@24P4b 2"*".HFb &
D"2<,D>@FH4 *:4>Z), ̂ H@H B"D"<,HD >"*@ 2"B4F"H\ & 1. AD4 ̂ H@< *:b BD@RH,>4b
4:4 &ZF&,R4&">4b ^H@(@ "*D,F" *,6FH&J,H *`6<@&"b/<,HD4R,F8"b 8@>&,DF4b.

0182 A.ROTARY (BIT)
+F:4 @F\, @H>@FbV"bFb 8 "*D,FJ A b&:b,HFb @F\` &D"V,>4b (,. B@24P4b 2"*".H-
Fb & °-"N) ̂ H@H B"D"<,HD >"*@ 2"B4F"H\ & 1. AD4 ̂ H@< *:b BD@RH,>4b 4:4 &ZF&,-
R4&">4b ̂ H@(@ "*D,F" >, *,6FH&J,H *`6<@&"b/ <,HD4R,F8"b 8@>&,DF4b, @*>"8@,
2"B4F"& B"D"<,HD & 1, D"2D,T",HFb @$D"V,>4, F B,D,&@D@H@< 0241 ROLL-
OVEN_A.

0183 A.MISCEL (BIT)
AD4 0,:">44 B,D,*"H\ 2>"R,>4,, 2"B4F">>@, B@ "*D,FJ A *:b PLC R,D,2 D,(4FHD
RH007, ^H@H B"D"<,HD >"*@ 2"B4F"H\ & 1.

0184 B.LINEAR (BIT)
+F:4 @F\, @H>@FbV"bFb 8 "*D,FJ % b&:b,HFb :4>,6>@6 (,. B@24P4b 2"*".HFb &
D"2<,D>@FH4 *:4>Z), ̂ H@H B"D"<,HD >"*@ 2"B4F"H\ & 1. AD4 ̂ H@< *:b BD@RH,>4b
4:4 &ZF&,R4&">4b ^H@(@ "*D,F" *,6FH&J,H *`6<@&"b/<,HD4R,F8"b 8@>&,DF4b.

0185 B.ROTARY (BIT)
+F:4 @F\, @H>@FbV"bFb 8 "*D,FJ % b&:b,HFb @F\` &D"V,>4b (,. B@24P4b 2"*".H-
Fb & °-"N) ̂ H@H B"D"<,HD >"*@ 2"B4F"H\ & 1. AD4 ̂ H@< *:b BD@RH,>4b 4:4 &ZF&,-
R4&">4b ̂ H@(@ "*D,F" >, *,6FH&J,H *`6<@&"b/ <,HD4R,F8"b 8@>&,DF4b, @*>"8@,
2"B4F"& B"D"<,HD & 1, D"2D,T",HFb @$D"V,>4, F B,D,&@D@H@< 0242 ROLL-
OVEN_B.

0186 B.MISCEL (BIT)
AD4 0,:">44 B,D,*"H\ 2>"R,>4,, 2"B4F">>@, B@ "*D,FJ B *:b PLC R,D,2 D,(4FHD
RH008, ^H@H B"D"<,HD >"*@ 2"B4F"H\ & 1.

0187 C.LINEAR (BIT)
+F:4 @F\, @H>@FbV"bFb 8 "*D,FJ E b&:b,HFb :4>,6>@6 (,. B@24P4b 2"*".HFb &
D"2<,D>@FH4 *:4>Z), ̂ H@H B"D"<,HD >"*@ 2"B4F"H\ & 1. AD4 ̂ H@< *:b BD@RH,>4b
4:4 &ZF&,R4&">4b ^H@(@ "*D,F" *,6FH&J,H *`6<@&"b/<,HD4R,F8"b 8@>&,DF4b.

0188 C.ROTARY (BIT)
+F:4 @F\, @H>@FbV"bFb 8 "*D,FJ E b&:b,HFb @F\` &D"V,>4b (,. B@24P4b 2"*".H-
Fb & °-"N) ̂ H@H B"D"<,HD >"*@ 2"B4F"H\ & 1. AD4 ̂ H@< *:b BD@RH,>4b 4:4 &ZF&,-
R4&">4b ̂ H@(@ "*D,F" >, *,6FH&J,H *`6<@&"b/ <,HD4R,F8"b 8@>&,DF4b, @*>"8@,
2"B4F"& B"D"<,HD & 1, D"2D,T",HFb @$D"V,>4, F B,D,&@D@H@< 0243 ROLL-
OVEN_C.
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0189 C.MISCEL (BIT)
AD4 0,:">44 B,D,*"H\ 2>"R,>4,, 2"B4F">>@, B@ "*D,FJ E *:b PLC R,D,2 D,(4FHD
RH009, ^H@H B"D"<,HD >"*@ 2"B4F"H\ & 1.

0201 UVW B@*(DJBB" (BIT)

0201 U.PARALL (BIT)
+F:4 @F\ U B"D"::,:\>" @F4 X, 4 0,:",<, RH@$Z &Z*,:4:"F\ 8@<">*@6 &Z$@D"
B:@F8@FH4 G17, 4:4 G18, 4:4 & F:JR", G19 FH":" F&,D:4:\>@6 @F\`, B"D"<,HDJ
*"H\ 2>"R,>4, 1.
="BD4<,D: G18 G2 U100 Z250 R300 F 4>H,DB@:bP4,6 D4FJ,H @8DJ0>@FH\ & B:@F-
8@FH4 ZU.

0202 U.MACRO (BIT)
=, 4FB@:\2J,HFb.

0203 V.PARALL (BIT)
+F:4 @F\ V B"D"::,:\>" @F4 Y, 4 0,:",<, RH@$Z &Z*,:4:"F\ 8@<">*@6 &Z$@D"
B:@F8@FH4 G17, 4:4 G19, 4:4 & F:JR", G18 FH":" F&,D:4:\>@6 @F\`, B"D"<,HDJ
*"H\ 2>"R,>4, 1. 
="BD4<,D: G17 G2 X100 V250 R300 F 4>H,DB@:bP4,6 D4FJ,H @8DJ0>@FH\ & B:@F-
8@FH4 XV.

0204 V.MACRO (BIT)
 =, 4FB@:\2J,HFb.

0205 W.PARALL (BIT)
+F:4 @F\ W B"D"::,:\>" @F4 Z, 4 0,:",<, RH@$Z &Z*,:4:"F\ 8@<">*@6 &Z$@D"
B:@F8@FH4 G18, 4:4 G19, 4:4 & F:JR", G17 FH":" F&,D:4:\>@6 @F\`, B"D"<,HDJ
*"H\ 2>"R,>4, 1.
 ="BD4<,D: & F:JR", G17 G81 X100 Y0 R5 W-250 @F\ W F&,D:4H.

0206 W.MACRO (BIT)
=, 4FB@:\2J,HFb.

0221 MSUPPR B@*(DJBB" (WORD)

022n MSUPPRn (WORD), n=1..8
?BD,*,:b`H H, 8@*Z M, 8@H@DZ, B@*"&:b`H BD,*&"D4H,:\>J` @$D"$@H8J
8"*D@&. % B"D"<,HD F:,*J,H 2"B4F"H\ 8@* (R4F:@) F@@H&,HFH&J`V,6 LJ>8P44 M.
?$D"$@H8" 8@*" >"R4>",HFb B@F:, B@:>@(@ @BJFH@T,>4b $JL,D" 8"*D@&, 4
BD,*RH,>4, 8"*D@& >, BD@4FN@*4H  *@ H@(@, B@8" 8@* >, &ZB@:>,>. +(@ *,6FH&4,
D"&>@F4:\>@ H,<, 8"8 $J*H@ & BD@(D"<<J $Z:Z 2"B4F">Z F:,*J`V4, FHD@84:

...
G53
Mnn
G53
...

+F:4 B@ 8@*J ; &Z*,:,> 4 &Z2@& B@*BD@(D"<<Z 4:4 <"8D@8@<">*Z,
*@04*">4, BD@42&@*4HFb H@:\8@ B@ 8@*J ;, 2"*">>@<J & 8@D>, B@*BD@(D"<<Z,
4:4 <"8D@8@<">*Z (B,D,*">>@6 *:b PLC).
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0241 ROLLOVEN B@*(DJBB" (BIT)

0241 ROLLOVEN_A (BIT)
0242 ROLLOVEN_B (BIT)
0243 ROLLOVEN_C (BIT)

+F:4 @F\ A, B, 4:4 C $Z:" &Z*,:,>" @F\` &D"V,>4b F@@H&,HFH&J`V4< B"D"<,H-
D@< 0182 A.ROTARY, 0185 B.ROTARY 4:4 0188 C.ROTARY, *:b >4N D"2D,T",H-
Fb @$D"V,>4, F B,D,&@D@H@<. A@* @$D"V,>4,< F B,D,&@D@H@< B@>4<",HFb, RH@
>" *">>@6 @F4 B@24P4b JR4HZ&",HFb >, <,0*J B:`F-<4>JF $,F8@>,R>Z<4, " F
JR.H@< B,D4@*4R>@FH4 @F4 >"BD4<,D: <,0*J 0/ 4 360/. +F:4 F@@H&,HFH&J`V46
B"D"<,HD ROLLOVEN_x
=0: @$D"2",HFb F @F\` &D"V,>4b, 8"8 F :4>,6>Z<4 @Fb<4, *:b >4N >, BD4<,>b-

,HFb @$D"V,>4, F B,D,&@D@H@<, 4 2"B@:>,>4, @FH":\>ZN B"D"<,HD@&
*,6FH&4, >, &Z2Z&",H,

=1: *:b @F4 &D"V,>4b BD4<,>b,HFb @$D"V,>4, F B,D,&@D@H@<.

0244 ABSHORT_A (BIT)
0245 ABSHORT_B (BIT)
0246 ABSHORT_C (BIT)

+F:4 *:b @F4 &D"V,>4b D"2D,T",HFb @$D"V,>4, F B,D,&@D@H@< (ROLL-
OVEN_x=1), & F:JR", "$F@:`H>@(@ 2"*">4b *">>ZN @F\ >48@(*" >, F@&,DT",H
B,D,<,V,>4,, $@:\T, JFH">@&:,>>@(@ F@@H&,HFH&J`V4< B"D"<,HD@< ROLL-
AMNT_x. 1>"R4H, ,F:4 >"BD4<,D: ROLLAMNT_C=360000 (360/), >"4$@:\T,, B,-
D,<,V,>4, 359.999°.
=" @F>@&">44 B"D"<,HD" 0244 ABSHORT_A, 0245 ABSHORT_B 4 0246 AB-
SHORT_C <@0>@ JFH">@&4H\, RH@$Z *&40,>4b F@&,DT4:@F\ &F,(*" & >"BD"&:,-
>44, F@(:"F>@ 2>"8J B@24P44, 2"*">>@6 B@ "*D,FJ @F4, 4:4 B@ 8D"HR"6T,6 BJH4.
+F:4 F@@H&,HFH&J`V46 B"D"<,HD ABSHORT_x
=0: *&40,HFb &F,(*" & >"BD"&:,>44 2>"8" 2"BD@(D"<<4D@&">>@6 B@24P44, "

,F:4
=1: *&40,HFb &F,(*" & 8D"HR"6T,< >"BD"&:,>44.
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0188 C.ROTARY=1,
0243 ROLLOVEN_C=1
0263 ROLLAMNT_C= =360000

AD,*:@0,>4,, 2"BD@(D"<-
<4D@&">>@, 2"*">4,< "$-
F@:`H>ZN 8@@D*4>"H

A,D,<,V,>4,,
F@&,DT.>>@, B@*
*,6FH&4,< BD,*-

:@0,>4b

A@24P4b &
8@>P, BD,*:@-

0,>4b 

0246 ABSHORT_C=0

B,D,<,V",HFb &F,(*" B@ >"-
BD"&:,>4`, F@(:"F>@ 2>"8J,
2"BD@(D"<<4D@&">>@<J B@ "*-
D,FJ C

C=0

G90 C450 90 C=90

G90 C0 (0 - ^H@
B@:@04H,:\>@, R4F:@!)

270 C=0

G90 C–90 –90 C=270

G90 C–360 –270 C=0

0246 ABSHORT_C=1

*&40,HFb &F,(*" B@ 8D"HR"6-
T,6 BJH4

C=0

G90 C450 90 C=90

G90 C0 –90 C=0

G90 C–90 –90 C=270

G90 C–360 90 C=0

0247 RELROUND_A (BIT)
0248 RELROUND_B (BIT)
0249 RELROUND_C (BIT)

% F:JR", BD@(D"<<4D@&">4b 4>8D,<,>H>@, 2"*">4, *">>ZN B,D,<,V,>4, BD@-
4FN@*4H &F,(*" & >"BD"&:,>4, 2"BD@(D"<<4D@&">>@(@ 2>"8".
A"D"<,HD@< 0247 RELROUND_A *:b @F4 A, B"D"<,HD@< 0248 RELROUND_B *:b
@F4 B, B"D"<,HD@< 0249 RELROUND_C *:b @F4 C <@0>@ JFH">@&4H\, RH@ &,:4-
R4>" B,D,<,V,>4b 4FB@:\2J,H :4 F@@H&,HFH&J`V46 B"D"<,HD ROLLAMNT_x,
4:4 >,H. +F:4 F@@H&,HFH&J`V46 B"D"<,HD RELROUND_x:
=0: >, 4FB@:\2J,H B"D"<,HD ROLLAMNT_x, 2>"R4H, B,D,<,V,>4, <@0,H $ZH\

$@:\T,, R,< 360/,
=1: 4FB@:\2J,H B"D"<,HD ROLLAMNT_x. +F:4 >"BD4<,D: ROLLAMNT_C=360000

(360/), >"4$@:\T,, B,D,<,V,>4, <@0,H $ZH\ 359.999° B@ @F4 C.
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0188 C.ROTARY=1,
0243 ROLLOVEN_C=1
0263 ROLLAMNT_C=
=360000

AD,*:@0,>4,, 2"BD@(D"<-
<4D@&">>@, 2"*">4,< 4>8-
D,<,>H>ZN 8@@D*4>"H

A,D,<,V,>4,, F@-
&,DT.>>@, B@*

*,6FH&4,< BD,*:@-
0,>4b

A@24P4b &
8@>P, BD,*-
:@0,>4b

0249 RELROUND_C=0

>, BD4<,>b,HFb B"D"<,HD
ROLLAMNT_C

C=0

G91 C450 450 C=90

G91 C0 0 C=90

G91 C–90 –90 C=0

G91 C–360 –360 C=0

0249 RELROUND_C=1

BD4<,>b,HFb B"D"<,HD
ROLLAMNT_C

C=0

G91 C450 90 C=90

G91 C0 0 C=90

G91 C–90 –90 C=0

G91 C–360 0 C=0

0261 ROLLAMNT B@*(DJBB" (DWORD)

0261 ROLLAMNT_A (DWORD)
0262 ROLLAMNT_B (DWORD)
0263 ROLLAMNT_C (DWORD)

A"D"<,HD@< 0261 ROLLAMNT_A 2"*"&"H\ *:b @F4 A, B"D"<,HD@< 0262 ROLL-
AMNT_B 2"*"&"H\ *:b @F4 B, *":,, B"D"<,HD@< 0263 ROLLAMNT_C 2"*"&"H\
*:b @F4 C N@* (<,DJ B,D4@*4R>@FH4), BD4N@*bV46 >" @*4> @$@D@H @F4 & 4>8D,-
<,>H, &&@*". 1>"R4H, ,F:4 JBD"&:,>4, D"$@H",H & F4FH,<, 4>8D,<,>H" B, 4 @F\
B@&,D>.HFb 2" @*4> @$@D@H >" 360°, >" F@@H&,HFH&J`V46 B"D"<,HD ROLLAMNT
*@:0>@ $ZH\ 2"B4F">@ 2>"R,>4,: 360000.
AD4 J8"2">>ZN &ZT, JFH">@&8"N B"D"<,HD@&, B@24P4b &D"V"`V,6Fb @F4 &Z-
F&,R4&",HFb JBD"&:,>4,< &F,(*" & *4"B"2@>, 0°- +359.999°, >,2"&4F4<@ @H H@(@,
RH@ & 8"8@, >"BD"&:,>4, @>" &D"V",HFb, 4 F8@:\8@ @$@D@H@& F@&,DT4:" &D"V"-
`V"bFb @F\.

0281 CHOPAXF B@*(DJBB" (WORD)

0281 CHOPAX (WORD)
K424R,F846 >@<,D @F4, 4FB@:\2@&">>Z6 & 8@<">*, G81.1. +F:4 >"BD4<,D, 2"-
BD@(D"<<4DJ,< 8@<">*J  G81.1 Z 4 @F\ Z b&:b,HFb 3-6 @F\` (B@:@0,>4,
B"D"<,HD" 4283 Z=3), B"D"<,HD BD4<,H 2>R,>4, 3. +F:4 & 8@<">*, >,H FFZ:84
>" "*D,F @F4, 8"R">4, BD@42&@*4HFb & *@:\ &Z*,:.>>@6 @F4.
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0282 CHOPRATE (WORD)
AD4 8"R">44 2>"R,>4, B@*"R4 (F) .% F:JR", 2"BD@(D"<<4D@&">4b G81.1 F
B"D"<,HD BD4<,H 2"BD@(D"<<4D@&">>@, 2>"R,>4, F. +F:4 & 8"*D, G81.1 >,
2"B@:>,> "*D,F F, B@*"R" $,D.HFb F ̂ H@(@ B"D"<,HD". +(@ 4FH@:8@&">4,: & F:JR",
:4>,6>ZN @F,6 & D"2<,D>@FH4 <</<4> (& F:JR", INCHDET=0), 4:4 &
D"2<,D>@FH4 *`6</<4> (& F:JR", INCHDET=1), " & F:JR", &D"V"`V4NFb @F,6
& D"2<,D>@FH4 °/<4>.

0283 MAXRATE (WORD)
AD4 8"R">44 <"8F4<":\>@, 2>"R,>4, B@*"R4. +F:4 ,(@ 2>"R,>4, 0,
<"8F4<":\>"b B@*"R" 8"R">4b F@&B"*",H 2>"R,>4,< FEEDMAX *">>@6 @F4 +(@
4FH@:8@&">4, F@&B"*",H B"D"<,HD@< *:b CHOPRATE.

0284 CHOPERR (WORD)
=, 4FB@:\2J,HFb.

0285 COMPCOEF (WORD)
=, 4FB@:\2J,HFb.

0301 CHOPPOS (LONGINT)

0301 RPOS (LONGINT)
A@24P4b H@R84 BD4$:40,>4b, 2"BD@(D"<<4D@&">>"b & 8@<">*, G81.1 B@ "*D,FJ
R.

0302 UPPERDEAD (LONGINT)
A@24P4b &,DN>,6 <.DH&@6 H@R84 8"R">4b, 2"*">>"b B@ "*D,FJ 8"8@6-H@ @F4, >"-
BD4<,D, B@ Z.

0303 LOWERDEAD (LONGINT)
A@24P4b >40>,6 <.DH&@6 H@R84 8"R">4b, 2"*">>"b B@ "*D,FJ Q, 8"8
4>8D,<,>H>@, D"FFH@b>4,, @HFR4H">>@, @H &,DN>,6 <.DH&@6 H@R84.

 L %"0>@: %F, HD4 B@24P44 F@ND">,>Z 8"8 "$F@:`H>Z, B@24P44, 2"D,(4FHD4D@&">-
>Z, & FH">@R>@6 F4FH,<, 8@@D*4>"H & &&@*>@< 4>8D,<,>H, &&@*". 1>"R,>4, @*-
>@6 ,*4>4PZ F:,*J,H 4FH@:8@&"H\ &2"&4F4<@FH4 B"D"<,HD" INCHDET 4 INCR-
SYST. +F:4 INCHDET=0 4 INCRSYSTB=1 H@ 1 ,*4>4P"=1:<. !*D,F @F4, 2"*">>Z6
& LJ>8P44 G81.1, 2>"R,>4, "*D,F" Q 4 R B,D,B4T,H F@@H&,HFH&J`V46 B"D"<,HD.
+F:4 8"8@6-H@ "*D,F >, 2"B@:>,> & 8@<">*, G81.1, >,N&"H"`V4, *">>Z, $,DJH-
Fb JBD"&:,>4,< @H F@@H&,HFH&J`V,(@ B"D"<,HD".
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0501 LANGUAGE B@*(DJBB" (BIT)

0501 ENGLISH (BIT)
1: 4>*48"P4b >" ">(:46F8@< b2Z8,.

0502 GERMAN (BIT)
1: 4>*48"P4b >" >,<,P8@< b2Z8,.

0503 HUNGARIAN (BIT)
1: 4>*48"P4b >" &,>(,DF8@< b2Z8,.

0504 LANGUAGE 4 (BIT)
1: 4>*48"P4b >" J(@*>@< 4-@< b2Z8,. G,8FHZ 4-(@ b2Z8" >,@$N@*4<@ @H*,:\>@
2"(DJ24H\ & JBD"&:,>4,.

 L 1"<,R">4,: 9@(4R>@, RH@ H@:\8@ @*4> 42 B"D"<,HD@& B@*(DJBBZ LANGUAGE <@-
0,H BD4>bH\ 2>"R,>4, 1.

0521 COLORV B@*(DJBB" (½ BYTE)

0521 USERCOLORE (½ BYTE)
1>"R,>4,<, @H:4R"`V4< @H >J:b, F@$FH&,>>Z, JFH">@&84 D"FP&,H84 D"2D,T4-
<Z.

0522 BORDER (½ BYTE)
O&,H D"<84 &@8DJ( ^8D">".

0523 PAPER (½ BYTE)
?$ZR>Z6 P&,H $J<"(4.

0524 INK (½ BYTE)
?$ZR>Z6 P&,H R,D>4:".

0525 SFPAPER (½ BYTE)
O&,H @$@4 <,>` SOFTKEY.

0526 SFOPER (½ BYTE)
?B,D"P4@>>Z6 P&,H @$@4 SOFTKEY.

0627 SFINKON (½ BYTE)
O&,H &8:`R,>>@6 >"*B4F4 SOFTKEY.

0528 SFINKOFF (½ BYTE)
O&,H &Z8:`R,>>@6 >"*B4F4 SOFTKEY.

0529 SFFRAME1 (½ BYTE)
9,&@, 4 &,DN>@, 2"H,>,>4, &Z8:`R.>>@(@ SOFTKEY.

0530 SFFRAME2 (½ BYTE)
AD"&@, 4 >40>,, 2"H,>,>4, &Z8:`R.>>@(@ SOFTKEY.

0531 SFFRAMEC (½ BYTE)
O&,H D"<84 SOFTKEY.

0532 SFFRAMEA (½ BYTE)
=, 4FB@:\2J,HFb.

0533 ARROW (½ BYTE)
O&,H 8"H":@(" 4 BD@R4N FHD,:@8.
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0534 PRGNAME (½ BYTE)
O&,H 4>*48"P44 JD@&>,6 FJ$DJH4>@&.

0535 LISTPAPER (½ BYTE)
O&,H $J<"(4 B,D,R>b BD@(D"<<.

0536 LISTINK (½ BYTE)
O&,H @$@4 B,D,R>b BD@(D"<<.

0537 COMMPAPER (½ BYTE)
O&,H $J<"(4 2"<,R">46 4:4 &ZD"0,>46, 4<,`V4NFb & B,D,R>, BD@(D"<<.

0538 COMMINK (½ BYTE)
O&,H @$@4 2"<,R">46 4:4 &ZD"0,>46, 4<,`V4NFb & B,D,R>, BD@(D"<<.

0539 SUBINK (½ BYTE)
O&,H 4>*48"P44 JD@&>,6 FJ$DJH4>@&.

0540 REPINK (½ BYTE)
O&,H R4F:" B@&H@D,>46 JD@&>,6 FJ$DJH4>@&.

0541 ABSPAPER (½ BYTE)
O&,H @$@4 "$F@:`H>@6 4>*48"P44 B@24P44.

0542 RELPAPER (½ BYTE)
O&,H @$@4 @H>@F4H,:\>@6 4>*48"P44 B@24P44.

0543 MACPAPER (½ BYTE)
O&,H @$@4 FH">@R>@6 4>*48"P44 B@24P44.

0544 ENDPAPER (½ BYTE)
O&,H @$@4 4>*48"P44 B@24P44 B@ 8@>,R>@6 H@R8,.

0545 EPAPER (½ BYTE)
?$ZR>Z6 P&,H $J<"(4 C,*"8H@D".

0546 EINK (½ BYTE)
?$ZR>Z6 P&,H R,D>4:Z C,*"8H@D".

0547 EFPAPER (½ BYTE)
O&,H $J<"(4 J8"2"H,:\>@6 B@:@FZ C,*"8H@D".

0548 EFINK (½ BYTE)
O&,H R,D>4:Z J8"2"H,:\>@6 B@:@FZ C,*"8H@D".

0549 EEPAPER (½ BYTE)
O&,H $J<"(4 4>*48"P44 @T4$84 C,*"8H@D".

0550 EEINK (½ BYTE)
O&,H R,D>4:Z 4>*48"P44 @T4$84 C,*"8H@D".

0551 TESTPAPER (½ BYTE)
O&,H @$@4 (D"L4R,F8@6 4>*48"P44 B@24P44.
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0552 ZOOMINK (½ BYTE)
O&,H D"<84 ZOOM.

 8@* P&,H" P&,H

0 R.D>Z6

1 F4>46

2 H.<>@2,:.>Z6

3 H.<>@(@D,R"&8"

4 $"(D@&Z6

5 H.<>@F4D,>,&Z6

6 @D">0,&Z6

7 F&,H:@F,DZ6

8 H.<>@F,DZ6

9 (@:J$@6

10 2,:.>Z6

11 (@D,R"&8"

12 8D"F>Z6

13 0.:HZ6

14 F&,H:@F4D,>,&Z6

15 $,:Z6

0561 GRAPHICS B@*(DJBB" (BYTE)

0561 CROSS DOT (BYTE)
% F:JR", (D"L4R,F8@(@ F:,0,>4b 2" HD",8H@D4,6 4>FHDJ<,>H" ('D"L48", 42@$-
D"0,>4, ̂ 8D">" C4F@&"H\) &,:4R4>" 8D,FH48", J8"2Z&"`V,(@ <(>@&,>>J` B@-
24P4` 4>FHDJ<,>H". AD,*,: 2>"R,>46 0-7.

0562 CROSS ON (BYTE)
% F:JR", (D"L4R,F8@(@ F:,0,>4b 2" HD",8H@D4,6 4>FHDJ<,>H" ('D"L48", 42@$-
D"0,>4, ̂ 8D">" C4F@&"H\) >, &ZFH"&4HFb 8D,FH48, J8"2Z&"`V46 <(>@&,>>J`
B@24P4` 4>FHDJ<,>H", ,F:4 B"D"<,HD 0, *":,, &ZFH"&4HFb BD4 B@:@0,>44
B"D"<,HD" 1.

0563 FRAME STEP (BYTE)
=, 4FB@:\2J,HFb.

0564 SCREEN SAVER (BYTE)
+F:4 2>"R,>4, B"D"<,HD" =0, ND">4H,:\ ̂ 8D">" >, D"$@H",H. +F:4 2>"R,>4, B"-
D"<,HD" >0, @2>"R",H &D,<b BJF8" ND">4H,:b ^8D">" & <4>JH"N, @HFR4H"b @H
B@F:,*>,(@ >"0"H4b 8:"&4T 8:"&4"HJDZ NC.
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0565 SHADING (BYTE)
1>"R,>4, B"D"<,HD" B@8"0,H, RH@ B@F:, BJF8" ND">4H,:b ̂ 8D">" F8@:\8@ @HH,-
>@8 F>bH\ F bD8@FH4. ):b 2"H,<>,>4b $,:@(@ P&,H" *@ R.D>@(@ HD,$J,HFb 63 @H-
H,>84.

0566 DNC LINES (BYTE)
=@<,D FHD@8 BD@(D"<<Z, &Z&,*,>>ZN &FB4F@8 & D,04<, DNC.

0567 N STEP (BYTE)
+F:4 2>"R,>4, B"D"<,HD" > 0, BD4 D,*"8H4D@&">44 4*.H "&H@<"H4R,F8"b >J<,-
D"P4b BD,*:@0,>46 BD@(D"<<Z. % B"D"<,HD &ZT, >"*@ 2"B4F"H\ 4>8D,<,>H
>J<,D"P44. +F:4 >"BD4<,D 2>"R,>4, B"D"<,HD" 5, B@Db*8@&Z, >@<,D" BD,*:@-
0,>46 B@F:,*J`H *DJ( 2" *DJ(@< H"8: N5, N10, N15, N20, ...

0581 DSPX B@*(DJBB" (BYTE)

0581 OV_ANAL (BIT)
=" ^8D">, BJ:\H" @B,D"H@D" D,(J:4DJ,H 4>*48"P4` B@:@0,>4, &8:`R"H,:b
override B@*"R4. +F:4 ,(@ 2>"R,>4,
=0: 2>"R,>4, override B@8"2">@ P4LD"<4. (>"BD4<,D: 100%)
=1: 2>"R,>4, override B@8"2">@ ">":@(@&Z< @$D"2@<, 42<,>,>4,< *:4>Z
B@:@FZ.

0582 SI_ANAL (BIT)
0583 SI_DIGIT (BIT)

+F:4 2>"R,>4, @$@4N B"D"<,HD@& D"&>@ 0, B@8"2Z&",H 8@* (G54, G55, ...)
"8HJ":\>@6 F4FH,<Z 8@@D*4>"H 2"(@H@&84 BD4 R4F,: @$@D@H"N TB4>*,:b S.
+F:4 SI_ANAL=1, B@8"2Z&",H R"FH>@, (I/In) "8HJ":\>@(@ H@8" 4 >@<4>":\>@(@
H@8" TB4>*,:b, 42<,>,>4,< *:4>Z B@:@FZ. 1,:.>Z6 *4"B"2@> @2>"R",H 0-50%,
0.:HZ6 *4"B"2@>  50-100%, a 8D"F>Z6 *4"B"2@>  >100%.
+F:4 SI_DIGIT=1, B@8"2Z&",H R"FH>@, (I/In) "8HJ":\>@(@ H@8" 4 >@<4>":\>@(@
H@8" TB4>*,:b, P4LD"<4 & D"2<,D>@FH4 %. +F:4 ,(@ 2>"R,>4, 100, *&4("H,:,<
B@HD,$:b,HFb >@<4>":\>Z6 H@8.

L %>4<">4,!
3>*48"P4b H@8" TB4>*,:b D"$@H",H H@:\8@ & F:JR", 4FB@:\2@&">4b P4LD@&@(@
(:"&>@(@ BD4&@*" NCT 4 T4>Z CAN.

0584 DSP LST (BIT)
C,(J:4DJ,H &Z&,*,>4, FB4F8" BD@(D"<<.
0: FB4F@8 BD@(D"<< BD@8DJR4&",HFb H@:\8@ H@(*", ,F:4 &Z*,:.>>"b 4>&,DF>Z<

B@:,< FHD@8" BD@(D"<<Z *@T:" *@ >40>,(@ 8D"b ^8D">",
1: FB4F@8 BD@(D"<< BD@8DJR4&",HFb BD4 &ZB@:>,>44 8"0*@(@ @H*,:\>@(@ >@-

&@(@ BD,*:@0,>4b.
0585 FI_ANAL (BIT)
0586 FI_DIGIT (BIT)

+F:4 2>"R,>4, @$@4N B"D"<,HD@& D"&>@ 0, B@8"2Z&",H A@24P4` 7@>,R>@6
G@R84 FBD"&" @H ?FH"H8" M@*".
+F:4 FI_ANAL=1,  B@8"2Z&",H R"FH>@, (I/In) "8HJ":\>@(@ H@8" 4 >@<4>":\>@(@
H@8" @F,6 &<,FH@ A@24P44 7@>,R>@6 G@R84, 42<,>,>4,< *:4>Z B@:@FZ.
1,:.>Z6 *4"B"2@> @2>"R",H 0-50%, 0.:HZ6 *4"B"2@>  50-100%, a 8D"F>Z6
*4"B"2@>  >100%.
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+F:4 FI_DIGIT=1,  B@8"2Z&",H R"FH>@, (I/In) "8HJ":\>@(@ H@8" 4 >@<4>":\>@(@
H@8" @F,6 &<,FH@ A@24P44 7@>,R>@6 G@R84,P4LD"<4 & D"2<,D>@FH4 %. +F:4
,(@ 2>"R,>4, 100, *&4("H,:,< B@HD,$:b,HFb >@<4>":\>Z6 H@8.

L %>4<">4,!
3>*48"P4b H@8" *&4("H,:,6 B@*"R4 D"$@H",H H@:\8@ & F:JR", 4FB@:\2@&">4b
P4LD@&@(@ F,D&@BD4&@*" NCT 4 B:"HZ XMU CAN.

0601 ROTATION B@*(DJBB" (WORD)

0601 HORIZONTAL (WORD)
3FN@*>@, B@:@0,>4, 42@$D"0,>4b F4FH,<Z 8@@D*4>"H (@D42@>H":\>@, &Z$D"&
(D"L4R,F8J` 4>*48"P4` 3D, 8@(*" >" ̂ 8D">, 'C!K3Q+E73+ IEG!=?%73
I(@: B@&@D@H" (H)=0. 7"0*Z6 B@&@D@H 4FN@*4H 42 ̂ H@(@ 4FN@*>@(@ B@:@0,>4b.

0602 VERTICAL (WORD)
3FN@*>@, B@:@0,>4, 42@$D"0,>4b F4FH,<Z 8@@D*4>"H &,DH48":\>@, &Z$D"&
(D"L4R,F8J` 4>*48"P4` 3D, 8@(*" >" ̂ 8D">, 'C!K3Q+E73+ IEG!=?%73
I(@: B@&@D@H" (V)=0. 7"0*Z6 B@&@D@H 4FN@*4H 42 ̂ H@(@ 4FN@*>@(@ B@:@0,>4b.

0621 COLORV2 B@*(DJBB"  (½ BYTE)

0621 ABSINK (½ BYTE)
]8D"> !#E?9_G=!a A?13O3a R,D>4:\>@(@ P&,H".

0622 RELINK (½ BYTE)
]8D"> ?G=?E3G+9[=!a A?13O3a R,D>4:\>@(@ P&,H".

0623 MACINK (½ BYTE)
]8D"> EG!=?Q=!a A?13O3a R,D>4:\>@(@ P&,H".

0624 ENDINK (½ BYTE)
]8D"> A?13O3a 7?=+Q=?5 G?Q73 R,D>4:\>@(@ P&,H".

0625 CARINK (½ BYTE)
]8D"> A+CA+=)37I9aC=!a A?13O3a R,D>4:\>@(@ P&,H".

0626 GENPAPER (½ BYTE)
?$V46 L@>@Z6 P&,H.

0627 GENINK1 (½ BYTE)
O&,H *:b >, H,8FH@&ZN 4>*48"P46, >"BD4<,D: B@24P4b, B@*"R".

0628 GENINK2 (½ BYTE)
O&,H H,8FH@&, >"BD4<,D: ?EG!G?7. 

0629 GENINK3 (½ BYTE)
#1-#33 P&,H B@:@F@& ^8D">".

0630 GENINK4 (½ BYTE)
O&,H H,8FH@& &@D@H 2"V4HZ & 2"8DZH@< F@FH@b>44 &@D@H.
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1001 DTP B@*(DJBB" (LONGINT) AD4<,>4< H@:\8@ & &,DF44 H@8"D>@(@ FH">8"

1001 DTPX (LONGINT)
AD4 JBD"&:,>44 H@8"D>Z< FH">8@<, & F:JR",
BD@(D"<<4D@&">4b LJ>8P44 G68 (@HD"0,>4,
>" *&@6>@6 *,D0"H,:\ 4>FHDJ<,>H@&) & ^H@H
B"D"<,HD >"*@ 2"B4F"H\ D"FFH@b>4, <,0*J
*&J<b *,D0"H,:b<4 4>FHDJ<,>H@&. AD4 @H-
D"0,>44 JBD"&:,>4,< 4FB@:\2J,HFb ^H@
F<,V,>4, >J:,&@6 H@R84 & *@:\ @F4 X. ]H4<
B"D"<,HD@< B@:\2J,<Fb H@(*", ,F:4 8@DD,8-
P44 *:4>Z 4>FHDJ<,>H" 2"<,Db`HFb &>,-
T>4<4 FD,*FH&"<4, H@ ,FH\ ,F:4 *:4>" 4>FH-
DJ<,>H" D"&>" &Z:,H@< 4>FHDJ<,>H". ?> b&-
:b,HFb R4F:@< F@ 2>"8@<, >" D4FJ>8, B@8"-
2Z&",H D"FFH@b>4, *,D0"H,:b 4>FHDJ<,>H@&
“B” B@ @H>@T,>4` 8 “A”. AD4 ^H@< >J:,&J`
H@R8J 2"(@H@&84 >"*@ 2"<,DbH\ 8 *,D0"H,:`
4>FHDJ<,>H@& “A”. +(@ 2>"R,>4, 2"*".HFb
&F,(*" & D"*4JF,.
+F:4 2>"R,>4, 8@DD,8P46 4>FHDJ<,>H" ,FH\ F<,V,>4, >J:,&@6 H@R84, BJFH\ $J-
*,H ,(@ 2>"R,>4, 0. 

1002 DTPZ (LONGINT)
AD4 4FB:*$2@&">44 G68 4 2"<,D, 4>FHDJ<,>H" &>,T>4< FD,*FH&@< F`*" >"*@
2"B4F"H\ D"FN@0*,>4, B@ >"BD"&:,>4` Z *&JN *,D0"H,:,6 4>FHDJ<,>H@&.

1021 RADDIF (DWORD)
;4>4<":\>@, D"FN@0*,>4, <,0*J D"*4JF"-
<4 @8DJ0>@FH4, *,6FH&4H,:\>Z< & >"R":\-
>@6 (R0) 4 & 8@>,R>@6 H@R8, @8DJ0>@FH4 (R1).
+F:4 D"2>4P" <,>\T, 2>"R,>4b, 2"*">>@(@
^H4< B"D"<,HD@< ()r<RADDIF), &ZB@:>b,HFb
4>H,DB@:bP4b *J(4 F B,D,<,>>Z< D"*4JF@<,
" ,F:4 $@:\T, ,(@ ()r>RADDIF), &Z*".HFb
F@@$V,>4, @$ @T4$8, 3011 ?S3#7!
C!1=3OY C!)3IE! % 7CI'+.
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1041 DISTANCE B@*(DJBB" (DWORD)

1041 DECDIST (DWORD)
AD4 @$D"$@H8, &>JHD,>>4N J(:@& G62 4 &@ &8:`R.>>@<
F@FH@b>44 D"FR.H" 8@DD,8P44 D"*4JF" 4>FHDJ<,>H"
(G41, G42) B,D,* J(:@< &>JHD4 D"FFH@b>4b DECDIST
&&@*4HFb & *,6FH&4, LJ>8P4b L@DF4D@&84 J(:".
1>"R,>4,, 2"B4F">>@, & B"D"<,HD DECDIST, 4FH@:8J,H-
Fb JBD"&:,>4,< & 4>8D,<,>H>@6 F4FH,<, &&@*".

1042 ACCDIST (DWORD)
AD4 @$D"$@H8, &>JHD,>>4N J(:@& G62 4 &@ &8:`R.>>@<
F@FH@b>44 D"FR.H" 8@DD,8P44 D"*4JF" 4>FHDJ<,>H"
(G41, G42) B@F:, J(:" *@ D"FFH@b>4b ACCDIST &&@*4HFb
& *,6FH&4, LJ>8P4b L@DF4D@&84 J(:". 1>"R,>4,, 2"B4-
F">>@, & B"D"<,HD ACCDIST, 4FH@:8J,HFb JBD"&:,>4,<
& 4>8D,<,>H>@6 F4FH,<, &&@*".

 L 1"<,R">4,: E<@HD4 ,V. B@*(DJBBJ K?CE3C?%7!!
1043 DELTV (DWORD)

%@ &8:`R.>>@< F@FH@b>44 D"FR.H" 8@D
D,8P44 D"*4JF" 4>FHDJ<,>H" (G41, G42),
BD4 @$N@*, @FHDZN J(:@&, ,F:4 F<,V,-
>4, B@ @$,4< @Fb< <,>\T, 2"*">>@(@
B"D"<,HD@<  DELTV 2>"R,>4b ,
B@:JR,>>@, H"84< @$D"2@< F<,V,>4,
F:@04HFb F@ F:,*J`V4<. 1>"R,>4,, 2"-
B4F">>@, & B"D"<,HD DELTV 4FH@:8J,H-
Fb JBD"&:,>4,< & 4>8D,<,>H>@6 F4FH,-
<, &&@*".

1061 FEED (WORD)
A@*"R" & 4FN@*>@< H@:8@&">44,
&&@*4<"b & *,6FH&4, JBD"&:,>4,<
B@F:, &8:`R,>4b B@ "*D,FJ F. 

1081 CTSURFSP B@*(DJBB" (WORD)

1081 CTSURFSP (WORD)
E8@D@FH\ D,2">4b & 4FN@*>@< H@:8@&">44. AD4 &8:`R,>44 JBD"&:,>4,< BD4>4-
<",HFb &@ &>4<">4, ^H@ 2>"R,>4,. +. D"2<,D>@FH\ </<4> BD4 B@:@0,>44
B"D"<,HD" 4763 INCH DET D"&>Z< 0, 4 feet/<4> BD4 B@:@0,>44 B"D"<,HD" 4763
INCH DET D"&>Z< 1.

1082 CSPAXIS (WORD)
=@<,D H@6 @F4, *:b 8@H@D@6 &&@*4HFb & *,6FH&4, D"FR.H B@FH@b>>@6 F8@D@FH4
D,2">4b. =" @F>@&">44 R4F:@&@(@ 2>"R,>4b, 2"B4F">>@(@ >" B"D"<,HD, &&@*4HFb
& *,6FH&4, *:b F:,*J`V4N @F,6: =1: X, =2: Y, =3: Z, =4: U, =5: V, =6: W, =7: A, =8:
B, =9: C.
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1101 BCKLSH B@*(DJBB" (INTEGER)

110n BCKLSHn (INTEGER), n=1..8
7@<B,>F"P4b @T4$84 F<,>Z >"BD"&:,>4b.
A@F8@:\8J BD4 F<,>, >"BD"&:,>4b 42-2" <,N">4R,F8@6 >,4FBD"&>@FH4 4>FHDJ-
<,>H":\>@(@ FH">8" @F\ F@&,DT",H N@* >, B@ 8@<">*,, " <,>\T, 4:4 $@:\T,
,(@, H@(*" D"2>4PJ <@0>@ J<,>\T4H\ 2>"R,>4,< 8@<B,>F"P44, 2"B4F">>Z< &
^H@H B"D"<,HD. 1>"R,>4,, 2"B4F">>@, & B"D"<,HD, 4FH@:8J,HFb JBD"&:,>4,< &
4>8D,<,>H>@6 F4FH,<, &&@*".

1121 KEYBOARD B@*(DJBB" (BYTE)

1121 TYPEMATIC (BYTE)
7:"&4"HJD" JBD"&:,>4, b&:b,HFb B@&H@Db`V4< H4B@<, 2" 4F8:`R,>4,< 8:"-
&4T B,D,<,V,>4b @F,6. ]H@ @2>"R",H F:,*J`V,,;
 – *,6FH&4, >"0"H@6 8:"&4T4 FD"2J &&@*4HFb,
 – 4 & *":\>,6T,< J*,D0,>>"b >"0"H@ 8:"&4T" F>@&" &&@*4HFb & *,6FH&4, B@F-

:, 2"BD@(D"<<4D@&">>@6 2"*,D084 (Typematic Delay),
 – 2"H,< J*,D0,>>"b >"0"H@ 8:"&4T" F 2"BD@(D"<<4D@&">>@6 R"FH@H@6 B@&H@-

D" (Typematic Rate) F>@&" 4 F>@&" &&@*4H8@* J*,D0,>>@6 >"0"H@ 8:"&4-
T4 & P,>HD":\>Z6 $:@8 JBD"&:,>4b.

1"*,D08" (TD) 4 R"FH@H" B@&H@D" (TR) JFH">"&:4&",HFb B"D"<,HD@< TYPEMA-
TIC. C,8@<,>*@&">>@, ,. 2>"R,>4, 63. 1>"R,>4, 2"*,D084 4 R"FH@HJ B@&H@D"
D"FR4HZ&",HFb >" @F>@&">44 BD4&,*,>>ZN >40, 2"&4F4<@FH,6:

,  ,

(*,: TR=typematic rate,
TD=typematic delay,
Dn= @$@2>"R",H @H*,:\>Z, $4HZ B"D"<,HD" TYPEMATIC.

1122 JOGX+ (BYTE)
=, 4FB@:\2J,HFb.

1123 JOGX– (BYTE)
=, 4FB@:\2J,HFb.

1124 JOGY+ (BYTE)
=, 4FB@:\2J,HFb.

1125 JOGY– (BYTE)
=, 4FB@:\2J,HFb.

1126 JOGZ+ (BYTE)
=, 4FB@:\2J,HFb.

1127 JOGZ– (BYTE)
=, 4FB@:\2J,HFb.

1128 JOG+ (BYTE)
=, 4FB@:\2J,HFb.

1129 JOG– (BYTE)
=, 4FB@:\2J,HFb.



8.4 'DJBB" B"D"<,HD@& COMMON

181

GROUPNUM R4F:@/D"2<,D (DJBB

1 16 / 16

2 32 / 8

3 64 / 4

4 128 / 2

SFNUMB=5 SFNUMB=15

1130 SFNUMB (BYTE)
Q4F:@ LJ>8P4@>":\>ZN 8:"&4T, >"D4FJ,<ZN >" ̂ 8D">. 1"B4FZ&",<Z, 2>"R,-
>4b:

4, 5, 8, 10, 14, 15, 16, 18, 20
+F:4 4N 2>"R,>4, 4, 5, 8, 10, H@(*" >" ̂ 8D"> >"D4FJ,HFb F@@H&,HFH&J`V,, 8@:4-
R,FH&@ LJ>8P4@>":\>ZN 8:"&4T 4 BD"&Z6 >40>46 J(@: LJ>8P4@>":\>@6 8:"-
&4T4 BJFH@6.
+F:4 4N 2>"R,>4, 14, 15, 18, 20, H@(*" >" ^8D"> >"D4FJ`HFb LJ>8P4@>":\>Z,
8:"&4T4 4, 5, 8, 10, 4 & BD"&Z6 >40>46 J(@: LJ>8P4@>":\>@6 8:"&4T4 >"B4-
T,HFb >@<,D 8:"&4T4. (1, 2, ..., 9, 0)

1141 MEMORY (BYTE)

1141 FEW DIS. (BYTE)
=0: 4>H,(D4D@&">@ & JBD"&:,>4, PC ($:@8 FEW: Floppy, Ethernet, Winchester),
=1: >, 4>H,(D4D@&">@ & JBD"&:,>4, PC ($:@8 FEW: Floppy, Ethernet, Winchester).

1161 TOOL.L.N (WORD)

Q4F:@, 2"B4F">>@, & ̂ H@H B"D"<,HD, b&:b,HFb BD,*,:\>Z< R4F:@< >"$:`*,>4b
2" FH@68@FH\` :,2&44 4>FHDJ<,>H". EFZ:8" >" "*D,F T, 2>"R,>4, 8@H@D@(@
<,>\T, ̂ H@(@, @H>@F4HFb 8 8@>8D,H>@<J >@<,DJ 4>FHDJ<,>H", FFZ:8">" "*D,F
T, 2>"R,>4, 8@H@D@(@ $@:\T, ^H@(@, @H>@F4HFb 8 (DJBB, 4>FHDJ<,>H@&.

1181 TOOL.GR.L B@*(DJBB" (BYTE)

1181 GROUPNUM (BYTE)
1>"R,>4, B"D"<,HD" <@0,H $ZH\; 1,
2, 3 4:4 4. ]H4< B"D"<,HD@< 2"*".H-
Fb, RH@ F8@:\8@ (DJBB 4>FHDJ<,>H@&
0,:",< BD4<,>4H\ BD4 >"$:`*,>44
2" FH@68@FH\` :,2&44. Q4F:@< (DJBB
@BD,*,:b,HFb D"2<,D (DJBB, 8"8 ^H@
42:@0,>@ & BD4:@0,>>@6 H"$:4P,.
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1182 TOOLLIFE (BYTE)
1>"R,>4, B"D"<,HD", ,F:4;

0, >"$:`*,>4, 2" FH@68@FH\` :,2&44 4>FHDJ<,>H" BD@4FN@*4H & R"FH@H,,
1, >"$:`*,>4, 2" FH@68@FH\` :,2&44 4>FHDJ<,>H" BD@4FN@*4H & <4>J-
H"N,
2, >"$:`*,>4, 2" FH@68@FH\` :,2&44 4>FHDJ<,>H" BD@4FN@*4H B@ 2>"R,-
>4` 42>@F".

1201 OVERRIDE B@*(DJBB" (BYTE)

1201 CIRCOVER (BYTE)
%@ &8:`R.>>@< F@FH@b>44 D"FR.H" 8@DD,8P44 D"*4J-
F" 4>FHDJ<,>H" (G41, G42), BD4 @$D"$@H8, &>JHD,>-
>4N *J(, BD@4FN@*4H "&H@<"H4R,F8"b 8@DD,8P4b &,-
:4R4>Z 2"BD@(D"<<4D@&">>@6 B@*"R4 (F) 8 P,>HDJ
D"*4JF" 4>FHDJ<,>H":

(*, Fc: B@*"R" P,>HD" D"*4JF" 4>FHDJ<,>H" (B@*"-
R" F 8@DD,8P4,6)

R: 2"BD@(D"<<4D@&">>Z6 D"*4JF @8DJ0>@FH4
Rc: D"*4JF @8DJ0>@FH4 F 8@DD,8P4,6
F: 2"BD@(D"<<4D@&">>"b B@*"R".

!&H@<"H4R,F8@<J J<,>\T,>4` B@*"R4 FH"&4HFb BD,*,: F>42J B"D"<,HD@<
CIRCOVER, (*, BD@P,>H"<4 2"*".HFb <4>4<J< J<,>\T,>4b B@*"R4, H@ ,FH\ *:b
"8HJ":\>J` B@*"RJ J*@&:,H&@Db,HFb JF:@&4, Fc$F*CIRCOVER/100. AD,*,:\>@,
2>"R,>4, B"D"<,HD" 0–100%. 

1202 CORNOVER (BYTE)
AD4 @$D"$@H8, &>JHD,>>4N J(:@& G62 4 &@ &8:`R.>>@<
F@FH@b>44 D"FR.H" 8@DD,8P44 D"*4JF" 4>FHDJ<,>H"
(G41, G42) B,D,* J(:@< &>JHD4 D"FFH@b>4b DECDIST, 4
B@F:, J(:" *@ D"FFH@b>4b ACCDIST &&@*4HFb & *,6FH&4,
LJ>8P4b L@DF4D@&84 J(:" >" @F>@&">44 2"&4F4<@FH4
F*CORNOVER/100, (*, F - 2"BD@(D"<<4D@&">>"b
B@*"R". AD,*,:\>@, 2>"R,>4, B"D"<,HD" 1–100%.

1203 CORNANGL (BYTE)
AD4 @$D"$@H8, &>JHD,>>4N J(:@& G62 4 &@ &8:`R.>>@<
F@FH@b>44 D"FR.H" 8@DD,8P44 D"*4JF" 4>FHDJ<,>H"
(G41, G42) &&@*4HFb & *,6FH&4, LJ>8P4b L@DF4D@&84
J(:", ,F:4 D"2<,D J(:" 2"(@H@&84 <,>\T,, R,< 2"*">>@,
B"D"<,HD@< CORNANGL 2>"R,>4,. AD,*,:\>@,
2>"R,>4, B"D"<,HD" 0–180°.

 L 1"<,R">4,: E<@HD4 ,V. B@*(DJBBJ DISTANCE!
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1204 RAPOVER (BYTE)
1>"R,>4, L@DF4D@&84 $ZFH-
D@(@ N@*" >" @F>@&">44
H"$:4PZ <@0,H $ZH\ BD4>b-
H@ &@ &>4<">4, @H NC *&@b-
8@. Q4F:", F@@H&,HFH&J`V4,
@H*,:\>Z< 2>"R,>4b< &
BD@P,>H"N (RH@ $,D.HFb &
JR.H JBD"&:,>4,< & BD@P,>-
H"N *:b *">>@(@ 2>"R,>4b)
&4*>Z & *&JN BD4:@0,>>ZN
H"$:4P"N. AD4 1204 RAP-

OVER=0, >" @F>@&">44 B,D&@6 H"$:4PZ, BD4 1204 RAP-
OVER>0 >" @F>@&">44 &H@D@6.
F0 - ^H@ 2>"R,>4,, @BD,*,:b,HFb B"D"<,HD@< 1204 RAP-
OVER. 7"8 ̂ H@ &4*>@ 42 BD4:@0,>>@6 H"$:4PZ, >,H 2>"-
R,>4b 0%, H@ $,D.HFb &F,(*" @H L@DF4D@&">>@(@ 2>"R,>4b
B@*"R4. C,8@<,>*@&">>@, 2>"R,>4, *:b 
F0: 1#RAPOVER#10.

1205 DIRANGLE (BYTE)
=, 4FB@:\2J`HFb.

1206 BKNOINT (BYTE)
% F@FH@b>44 G41, G42 ̂ H@ @2>"b",H 8@:4R,FH&@ 2"D">,, 2"R4H">>ZN BD,*:@0,-
>46 & 4>H,D,F"N ">":42" 4>H,DL,D,>P44. % 4FN@*>@< F:JR",, ,F:4 2>"R,>4, B"-
D"<,HD" 0, 2"R4H",HFb &F,(*" "8HJ":\>@, N, B@F:,*J`V,, N+1 4 N+2 BD,*:@0,-
>4b 4 ">":42 4>H,DL,D,>P44 &ZB@:>b,HFb B@ >"R":\>@6 4 8@>,R>@6 H@R8"N
N+1-(@ BD,*:@0,>4b. +F:4 B"D"<,HD $@:\T,, R,< 0, 2"D">,, 2"R4H",HFb FH@:\8@
BD,*:@0,>46, F8@:\8@ 2>"R,>4, B"D"<,HD" 4 ">":42 4>H,DL,D,>P44 &ZB@:>b-
,HFb <,0*J "8HJ":\>Z< BD,*:@0,>4,< N 4 B@F:,*J`V4< BD,*:@0,>4,< N+1,
N és N+2, ... N 4 N+ BKNOINT+2. 1"D">,, 2"R4H",HFb <"8F4<J< 50 BD,*:@0,>46.
Q,< $@:\T, ̂ H" P4LD", H,< $@:\T, &D,<,>4 *:4HFb @$D"$@H8" @*>@(@ BD,*:@-
0,>4b, RH@ 2"<,*:b,H D"$@HJ FH">8".

1204 RAPOVER=0

RH089 %

1 1

2 2

3 5

4 10

5 20

6 30

7 40

8 50

9 60

10 70

11 80

12 90

13 100

1204 RAPOVER>0

RH089 %

0 F0=RAPOVER

1 25

2 50

3 100
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1221 CODES B@*(DJBB" (BIT)

1221 G00 G01 (BIT)
1222 G17 G18 (BIT)
1223 G49 G43 (BIT)
1224 G49 G44 (BIT)
1225 G90 G91 (BIT)
1226 G94 G95 (BIT)

A@ ̂ H@6 (DJBB, B"D"<,HD@& <@0>@ @BD,*,:4H\, RH@$Z B@F:, &8:`R,>4b 8"8@6
8@* G $Z: &&,*.> & *,6FH&4,. AD4 2>"R,>44 0 BD4>4<",HFb F@FH@b>4, B,D&@(@
FH@:$", BD4 2>"R,>44 1 - &H@D@(@. +F:4 & @$" B"D"<,HD" G49 G43 4 G49 G44
2"B4F"H\ 0, BD4>4<",HFb F@FH@b>4, G49. +F:4 & @$" B"D"<,HD" 2"B4F"H\ 1,
BD4>4<",HFb F@FH@b>4, G43.

 L 1"<,R">4,: E<@HD4 ,V. B"D"<,HD CLEAR.
1227 MULBUF (BIT)

=0: F@&,DT",HFb BD@FH@, BD,*&"D4H,:\>@, RH,>4,. AD4 @$D"$@H8, BD,*:@0,-
>46 BD@R4H",HFb JBD"&:,>4,< &B,D.* H@:\8@ <4>4<":\>@, 8@:4R,FH&@
BD,*:@0,>46, HD,$J,<ZN *:b @$D"$@H84. 

=1: F@&,DT",HFb <>@(@8D"H>@, BD,*&"D4H,:\>@, RH,>4,. AD4 @$D"$@H8, BD,*-
:@0,>46 BD@R4H",HFb JBD"&:,>4,< &B,D.* &@2<@0>@ >"4$@:\T,, 8@:4-
R,FH&@ BD,*:@0,>46. 

1228 HSHP (BIT)
A@F:, &8:`R,>4b BD4>4<",HFb D,04< F@(:"F>@ B"D"<,HDJ. +F:4 2>"R,>4, B"-
D"<,HD"
=0: &Z8:`R,>@ &ZF@8@F8@D@FH>@,, &ZF@8@H@R>@, F:,0,>4, 2" HD",8H@D4,6

(%E%G). +(@ *,6FH&4, F@&B"*",H F *,6FH&4,< 8@<">*Z G5.1 Q0.
=1: &8:`R,>@ &ZF@8@F8@D@FH>@,, &ZF@8@H@R>@, F:,0,>4, 2" HD",8H@D4,6

(%E%G). +(@ *,6FH&4, F@&B"*",H F *,6FH&4,< 8@<">*Z G5.1 Q1.
L 1"<,R">4,: LJ>8P4b D"$@H",H H@:\8@ & D,04<, B@<4>JH>@6 B@*"R4 G94,, B@^H@<J

>" JBD"&:,>4bN H@8"D>Z< FH">8@< B"D"<,HD >J0>@ &F"&4H\ & 0.

1241 MIXED B@*(DJBB" (BIT)

1241 POSCHECK (BIT)
0: G00 B@F:, &ZB@:>,>4b BD,*:@0,>46 >, BD@42&@*4HFb BD@&,D8" B@24P46,
1: G00 B@F:, &ZB@:>,>4b BD,*:@0,>46 BD@42&@*4HFb BD@&,D8" B@24P46.
AD@&,D8" B@24P46 BD@42&@*4HFb *:b &F,N @F,6. G@(*" FR4H",HFb @F\ “& B@24-
P44”, ,F:4 >" *">>@6 @F4 B@(D,T>@FH\ F:,0,>4b & "$F@:`H>@< 2>"R,>44 <,>\-
T,, R,< JFH">@&:,>>@, B"D"<,HD@< 426n INPOSn 2>"R,>4,. +F:4 *"0, 2" 5
F,8J>* B@F:, BD,8D"V,>4b 4>H,DB@:bP44 >, F@2*".HFb F@FH@b>4, & B@24P44,
JBD"&:,>4,< &Z*".HFb F@@$V,>4, @$ @T4$8, 1020 ?S3#7! A?13O33.

 L 1"<,R">4,: A"D"<,HD P,:,F@@$D"2>@ JFH">@&4H\ >" JBD"&:,>4bN H@8"D>Z< FH">-
8@< & 0, >" JBD"&:,>4bN LD,2,D>Z< FH">8@< & 1. E<@HD4 ,V. B"D"<,HD INPOS.
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1242 HELICALF (BIT)
0: & F:JR", FB4D":\>@6 4>H,DB@:bP44 2"BD@-

(D"<<4D@&">>"b B@*"R" &&@*4HFb &
*,6FH&4, & B:@F8@FH4 @8DJ0>@FH4,

1: & F:JR", FB4D":\>@6 4>H,DB@:bP44 2"BD@-
(D"<<4D@&">>"b B@*"R" &&@*4HFb &
*,6FH&4, & *@:\ HD",8H@D44.

1243 CLEAR (BIT)
0: &@2&D"H & 4FN@*>@, B@:@0,>4, BD@4FN@*4H
$,2 J*":,>4b LJ>8P46 G,
1: &@2&D"H & 4FN@*>@, B@:@0,>4, BD@4FN@*4H F J*":,>4,< LJ>8P46 G.
I*":,>4, @H>@F4HFb 8 >"F:,*FH&,>>Z< LJ>8P4b< G. 'DJBBZ 8@*@& G & (DJBB,
B"D"<,HD@& 1221 CODES BD4<JH 2>"R,>4, F@(:"F>@ B"D"<,HDJ. I*":,>4, LJ>8-
P46 G &&@*4HFb & *,6FH&4, & 8@>P, BD@(D"<<Z 4:4 B@F:, B@:>@6 B,D,2"(DJ284
& "&H@<"H4R,F8@< D,04<,. 

 L 1"<,R">4,: E<@HD4 ,V. B"D"<,HD CODES.
1244 SECOND (BIT)

0: & BD,*:@0,>44 G04 &&@*4HFb & *,6FH&4, 2"BD@(D"<<4D@&">>@, F@FH@b>4,
G94, G95: 
& F:JR", G94 2"*,D08" @$D"$"HZ&",HFb & F,8J>*"N, " 
& F:JR", G95 - & @$@D@H"N TB4>*,:b.

1: & BD,*:@0,>44 G04 2"*,D08" @$D"$"HZ&",HFb &F,(*" & F,8J>*"N.
1245 TAPDWELL (BIT)

0: & P48:"N >"D,2">4b D,2\$Z <,HR48@< G74 4 G84 @04*">4, >, D"2D,T",HFb,
1: @04*">4,, &ZB@:>b,<@, >" *>, @H&,DFH4b <@0>@ 2"BD@(D"<<4D@&"H\ & P48-

:"N >"D,2">4b D,2\$Z <,HR48@< G74 4 G84 B@ "*D,FJ P.
1246 CCABS (BIT)

0: 2"*">4, P,>HD" @8DJ0>@FH4 8@@D*4>"H"-
<4 I, J 4 K B@ @H>@T,>4` >"R":\>@6
H@R84 @8DJ0>@FH4,

1: 2"*">4, P,>HD" @8DJ0>@FH4 B@ "*D,F"< I,
J 4 K & "$F@:`H>@6 F4FH,<,.

1247 ANG.ACRY (BIT)
0: D"FR.H 2>"R,>46 J(:@& F H@R>@FH\` *@ 3-N *,FbHZN,
1: D"FR.H 2>"R,>46 J(:@& F H@R>@FH\` *@ 5-H4 *,FbHZN BD4 B@&@D@H,, 2"BD@-

(D"<<4D@&">>@6 F G68.
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1248 CNDBKBUF (BIT)
 0: 8@<">*" JF:@&>@(@ 8"*D" (8"*DZ, >"R4>"`V4,Fb F@ 2>"8@< /) B@*"&:b,H

BD,*RH,>4, 8"*D@&. % ^H@< F:JR", BD4 G41, G42 8@>HJD 4F8"0",HFb,
@*>"8@ *@FH"H@R>@ &8:`R"H,:\ JF:@&>@(@ 8"*D" &8:`R4H\ &@ &D,<b
&ZB@:>,>4b BD,*Z*JV,(@ 8"*D", RH@$Z *,6FH&@&":.

 1: 8@<">*" JF:@&>@(@ 8"*D" (8"*DZ, >"R4>"`V4,Fb F@ 2>"8@< /) >, B@*"&:b,H
BD,*RH,>4, 8"*D@&. % ^H@< F:JR", BD4 G41, G42 8@>HJD >, 4F8"0",HFb,
@*>"8@  &8:`R"H,:\ JF:@&>@(@ 8"*D" *:b >"*.0>@(@ *,6FH&4b
>,@$N@*4<@ JFH">@&4H\ B,D,* &ZB@:>,>4,< BD@(D"<<Z.

1261 INTERFER B@*(DJBB" (BIT)

1261 INTERFER (BIT)
+F:4 ,. 2>"R,>4, 0, JBD"&:,-
>4,< >, &ZB@:>b,HFb ">":42
4>H,DL,D,>P44 BD4 D"FR.H,
8@DD,8P44 D"*4JF" 4>FHDJ-
<,>H" (F@FH@b>4, G41, G42),
,F:4 ,. 2>"R,>4, 1, H@ &Z-
B@:>b,HFb. %Z&@*4HFb F@@$-
V,>4, @$ @T4$8, 4>H,DL,-
D,>P44, ,F:4 J(@: <,0*J
F<,V,>4,< 2"BD@(D"<<4D@-
&">>@(@ BD,*:@0,>4b 4
BD,*:@0,>4b F 8@DD,8P4,6
>"N@*4HFb & BD,*,:"N 90°4 270°, 4>Z<4 F:@&"<4, ,F:4 BD@,8P4b B,D,<,V,>4b
F 8@DD,8P4,6 >" 2"BD@(D"<<4D@&">>@, B,D,<,V,>4, 4<,,H BD@H4&@B@:>Z6
2>"8 B@ @H>@T,>4` 8 B@F:,*>,<J. 

1262 ANGLAL (BIT)
AD4 D"FR.H, 8@DD,8P44 D"*4JF" 4>FHDJ<,>H" (F@FH@b>4, G41, G42), ,F:4 B"D"-
<,HD INTERFER D"&,> 1 4 2>"R,>4, B"D"<,HD" ANGLAL H@0, 2"B4F,>@ & 1, B@F:,
">":42" J(:@& JBD"&:,>4,< &Z&@*4HFb F@@$V,>4, @$ @T4$8, 4>H,DL,D,>P44
8@*@< 3048 ?S3#7! 3=G+CK+C+=O33 2" @*>@ BD,*:@0,>4, D">\T,, R,<
>"FHJB",H @T4$8".
% H@< F:JR",, ,F:4 B"D"<,HD ANGLAL B@:b B"D"<,HD@& &FH"&:,> & 0, >@ B"D"-
<,HD INTERFER D"&,> 1, JBD"&:,>4,< >, &Z&@*4HFb F@@$V,>4, @$ @T4$8,, " "&-
H@<"H4R,F84 B@BD@$J,H F@&,DT4H\ 8@DD,8P4` B@ 8@>HJDJ F P,:\` 42$,0">4b
&D,2">46. M@* 8@DD,8P44 F:,*J`V46:
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E:,0,>4, 2" 8@>HJD@< &8:`R,>@ & BD,*:@0,>44 A, B, 4 C. ;,0*J BD,*:@0,-
>4b<4 A 4 B D"FR.H>Z, &,8H@DZ 8@DD,8P44: LP1, LP2, LP3, LP4. ! <,0*J BD,*:@0,-
>4b<4 B 4 C &,8H@DZ 8@DD,8P44: LP5, LP6, LP7, LP8. 

+F:4 <,0*J LP4 4 LP5 4<,,HFb 4>H,DL,D,>P4b, BD@BJF8",HFb LP4 4 LP5,
+F:4 <,0*J LP3 4 LP6 4<,,HFb 4>H,DL,D,>P4b, BD@BJF8",HFb LP3 4 LP6,
+F:4 <,0*J LP2 4 LP7 4<,,HFb 4>H,DL,D,>P4b, BD@BJF8",HFb LP2 4 LP7,
+F:4 <,0*J LP1 4 LP8 4<,,HFb 4>H,DL,D,>P4b, >, BD@BJF8",HFb, &Z&@*4HFb
F@@$V,>4, @$ @T4$8,.

32 BD4&,*,>>ZN &ZT, &4*>@, RH@ &,8H@DZ 8@DD,8P44 & >"R":\>@6 4 8@>,R>@6
H@R8"N BD,*:@0,>4b B FB"D4&"`HFb, 4 B@ B"D>@ BD@BJF8"`HFb. +F:4 B@ @*>@6
FH@D@>, R4F:@ &,8H@D@& 8@DD,8P44 @*>@, 4:4 J<,>\T",HFb *@ @*>@(@, H@(*"
BD@BJF8"`HFb H@:\8@ &,8H@DZ F *DJ(@6 FH@D@>Z. AD@BJV,>4, BD@*@:0",HFb
*@ H,N B@D, B@8" 4<,,HFb 4>H,DL,D,>P4b. % >"R":\>@6 H@R8, BD,*:@0,>4b B
>,:\2b BD@BJFH4H\ B,D&Z6 &,8H@D 8@DD,8P44, 4 & 8@>,R>@6 H@R8, - B@F:,*>46.
+F:4 & D,2J:\H"H, BD@BJV,>46 BD,8D"V",HFb 4>H,DL,D,>P4b, >, &Z&@*4HFb
F@@$V,>4, @$ @T4$8,, ,F:4 >, BD,8D"V",HFb, &Z&@*4HFb F@@$V,>4, @$ @T4$8,
3048 ?S3#7! 3=G+CK+C+=O33. A@F:, BD@BJV,>46 @FH"&V4,Fb &,8H@DZ
8@DD,8P44 F@,*4>b`HFb &F,(*" F BDb<@6, *"0, & H@< F:JR",, ,F:4 BD,*:@0,>4,
B $Z:@ @8DJ0>@FH\`.
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1263 GAP (BIT)
+F:4 1262 ANGLAL= 0
4 1263 GAP=0, H@(*" F@-
(:"F>@ BD,*Z*JV,<J
D4FJ>8J, JBD"&:,>4,
BD@$J,H 4FBD"&4H\ @-
T4$8J 4>H,DL,D,>P44
BJH.< BD@BJF8">4b
&,8H@D@& 8@DD,8P44, &
F@FH@b>44 G41, G42.
+F:4 1262 ANGLAL= 0
4 1263 GAP=1, H@(*"
&<,FH@ JR"FH8" HD",8-
H@D44 B &FH"&4HFb H"8
>"2Z&",<Z6 BD@<,0J-
H@R>Z6 &,8H@D, 8@H@-
DZ6 &F,(*" BDb<@6, 4 &,8H@DZ 8@DD,8P44 D"FR4HZ&"`HFb &>@&\ B@ HD",8H@D44
A-BD@<,0JH@R>Z6 &,8H@D-C. +F:4 1206 BKNOINT>0, JR"FH@8 HD",8H@D44 B <@-
0,H F@FH@bH\ 42 >,F8@:\84N BD,*:@0,>46. AD4 ̂ H@< *@ >@<,D" BD,*:@0,>46,
2"*">>@(@ B"D"<,HD@< 1206 BKNOINT, BD@">":424DJ,HFb HD",8H@D4b, RH@ <@0-
>@ :4 2"N@*4H\ 4>FHDJ<,>H@< *">>@(@ D"*4JF" & B@:@FH\.

1281 NIBBLE B@*(DJBB" (BYTE)

1281 M11-1 (BYTE)
...

1304 M14-6 (BYTE)
1305 E%MAX (BYTE)
1306 ACC% (BYTE)
1307 ADDRINP (BYTE)
1308 NIENABLE (BYTE)

>, 4FB@:\2J,HFb

1311 NIACC B@*(DJBB" (WORD)

1311 ACCMAX (WORD)
1312 ACCMIN (WORD)

>, 4FB@:\2J,HFb
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1331 DOMCON B@*(DJBB" (DWORD)

1331 DOMCON (DWORD)
A@FH@b>>"b HD.N<,D>@(@ *@<4>"H@D" 8@DD,8P44 4>FHDJ<,>H". E@FH"&:b`V4,
&,8H@D@& 8@DD,8P44 BD@42&@*bHFb JBD"&:,>4,< F:,*J`V4< @$D"2@<:

(*, r: 2>"R,>4, 8@DD,8P44, &Z2&">>@, B@ "*D,FJ D,
P: >@D<4DJ`V,, R4F:@, 4:4 B@FH@b>>"b *@<4>"H@D",
I, J, K: 2"*">>Z, & BD@(D"<<, 2>"R,>4b.

1>"R,>4, >@D<4DJ`V,(@ R4F:" $,D.HFb 42 B"D"<,HD" DOMCONST B@:b B"D"-
<,HD@&, ,F:4 & BD,*:@0,>44 G41(G42) B@ "*D,FJ E >, 2"*"&":@F\ @H:4R>@, @H
^H@(@ 2>"R,>4, & BD@(D"<<,. +F:4 2>"R,>4, B@FH@b>>@6 *@<4>"H@D" 0, 4 B@ "*-
D,FJ E H@0, >, 2"*"&":@F\ 2>"R,>4,, H@(*" JBD"&:,>4,< D"FR4HZ&",HFb 2>"R,-
>4, P42 F:,*J`V,6 2"&4F4<@FH4:

1332 RETG73 (DWORD)
+F:4 & F&,D:4:\>@< P48:, G73 B@ "*D,FJ E >, 2"*">@
D"FFH@b>4, @H&@*" >"2"* (e), H@ 2>"R,>4, $,D.HFb J-
BD"&:,>4,< 42 D"FFH@b>4b, JFH">@&:,>>@, B"D"<,H-
D@< RETG73. A"D"<,HD B@>4<",HFb & 4>8D,<,>H,
&Z&@*". +F:4 2>"R,>4, D"FFH@b>4b @H&@*" >"2"* 1<<,
F:,*J,H 2"B4F"H\ & ̂ H@H B"D"<,HD 2000, BD4 JF:@&44,
RH@ INCRSYSTB=1, 4 INCHDET=0.
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1333 CLEG83 (DWORD)
+F:4 & F&,D:4:\>@< P48:, G83 B@ "*D,FJ E >, 2"*">@
D"FFH@b>4, BD4$:40,>4b (e), 2>"R,>4, e $,D.HFb JB-
D"&:,>4,< 42 D"FFH@b>4b, JFH">@&:,>>@, B"D"<,H-
D@< CLEG83. A"D"<,HD B@>4<",HFb & 4>8D,<,>H,
&Z&@*". +F:4 2>"R,>4, D"FFH@b>4b BD4$:40,>4b 1
<<, F:,*J ,H 2"B4F"H\ & ^H@H B"D"<,HD 2000, BD4
JF:@&44, RH@ INCRSYSTB=1, 4 INCHDET=0.

1334 THRDCHMFR (DWORD)
AD4<,>4< H@:\8@ & &,DF44 H@8"D>@(@ FH">8"

C"2<,D L"F84 & 8@>P, D"2\$Z & P48:, >"D,2">4b
D,2\$Z G76 4 G78. I(@: L"F84 &F,(*" 45°. C"2<,D
L"F84:

THRDCHMFR@L/10
(*,: L 2"BD@(D"<<4D@&">>Z6 V"( D,2\$Z
+F:4 THRDCHMFR=15 4 2"BD@(D"<<4D@&">>Z6
V"( D,2\$Z 1 <<, H@(*" D"2<,D L"F84 1.5 <<. A"-
D"<,HD G76 P(n)(r)(") Q R 42<,>b,HFb 4 BD,*:@0,-
>4,< BD@(D"<<Z (2>"R,>4, r "*D,F" P_r_). 

1335 COUNTFIN (DWORD) AD4<,>4< H@:\8@ & &,DF44 H@8"D>@(@ FH">8"
Q4F:@ P48:@& R4FH@&@6 @$D"$@H84 & P48:, >"D,2">4b D,2\$Z H4B" G76. A"D"-
<,HD G76 P(n)()() Q R 42<,>b,HFb 4 BD,*:@0,>4,< BD@(D"<<Z (2>"R,>4, n "*D,-
F" Pn__). 
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1336 TIPANGL (DWORD) AD4<,>4< H@:\8@ & &,DF44 H@8"D>@(@ FH">8" 
I(@: 2"H@R84 BD@L4:b D,2\-
$@&@(@ D,2P" °-"N & P48:, >"-
D,2">4b D,2\$Z H4B" G76.
A"D"<,HD G76 P(n)(r)(") Q R
42<,>b,HFb 4 BD,*:@0,>4,<
BD@(D"<<Z (2>"R,>4, " "*-
D,F" P__"). 

1337 MINTHRDP (DWORD)
AD4<,>4< H@:\8@ & &,DF44

H@8"D>@(@ FH">8" 
%,:4R4>" <4>4<":\>@6 (:J-
$4>Z D,2">4b & P48:, >"D,-
2">4b D,2\$Z H4B" G76. A@-
>4<",HFb &F,(*" & D"*4JF, 4
& 4>8D,<,>H, &Z&@*". +F:4
&,:4R4>" <4>4<":\>@6 (:J-
$4>Z D,2">4b 0.1<<, & B"D"<,HD F:,*J,H 2"B4F"H\ 200, BD4 JF:@&44, RH@ INCR-
SYSTB=1, 4 INCHDET=0. A"D"<,HD G76 P Q()dmin) R 42<,>b,HFb 4
BD,*:@0,>4,< BD@(D"<<Z (2>"R,>4, "*D,F" Q). 

1338 FINALLW (DWORD) AD4<,>4< H@:\8@ & &,DF44 H@8"D>@(@ FH">8" 
%,:4R4>" BD4BJF8" >" R4FH@&J` @$D"$@H8J & P48:, >"D,2">4b D,2\$Z H4B" G76.
A@>4<",HFb &F,(*" & D"*4JF, 4 & 4>8D,<,>H, &Z&@*". +F:4 &,:4R4>" BD4BJF8"
>" R4FH@&J` @$D"$@H8J 0.15<<, & B"D"<,HD F:,*J,H 2"B4F"H\ 300, BD4 JF:@&44,
RH@ INCRSYSTB=1, 4 INCHDET=0. A"D"<,HD G76 P Q R(d) 42<,>b,HFb 4
BD,*:@0,>4,< BD@(D"<<Z (2>"R,>4, "*D,F" R).
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1339 DPTHCUT (DWORD) AD4<,>4< H@:\8@ & &,DF44 H@8"D>@(@ FH">8" 
%,:4R4>" (:J$4>Z D,2">4b &
P48:"N R,D>@&@6 @$D"$@H84
H4B" G71, G72. A@>4<",HFb
&F,(*" & D"*4JF, 4 & 4>8D,-
<,>H, &Z&@*". +F:4 &,:4R4-
>" (:J$4>Z D,2">4b 5<<, &
B"D"<,HD F:,*J,H 2"B4F"H\
10000, BD4 JF:@&44, RH@
INCRSYSTB=1, 4 INCH-
DET=0. A"D"<,HD G71 U()d)
R, 4:4 G72 W()d) R 42<,>b-
,HFb 4 BD,*:@0,>4,< BD@-
(D"<<Z (2>"R,>4, "*D,F" U,
4:4 W).

1340 ESCAPE (DWORD) AD4<,>4< H@:\8@ & &,DF44 H@8"D>@(@ FH">8" 
%,:4R4>" @H&@*" & P48:"N R,D>@&@6 @$D"$@H84 H4B" G71, G72. A@>4<",HFb
&F,(*" & D"*4JF, 4 & 4>8D,<,>H, &Z&@*". +F:4 &,:4R4>" @H&@*" 0.5<<, & B"D"-
<,HD F:,*J,H 2"B4F"H\ 1000, BD4 JF:@&44, RH@ INCRSYSTB=1, 4 INCHDET=0.
A"D"<,HD G71 U R(e), 4:4 G72 W R(e) 42<,>b,HFb 4 BD,*:@0,>4,< BD@(D"<<Z
(2>"R,>4, "*D,F" R).

1341 RELIEFX (DWORD) AD4<,>4< H@:\8@ & &,DF44 H@8"D>@(@ FH">8" 
%,:4R4>" 4 >"BD"&:,>4,
BD4BJF8" *:b R,D>@&@6 @$D"-
$@H84 & *@:\ @F4 X & @$D"2-
P@&@< P48:, B@&H@D,>4b
H4B" G73. A@>4<",HFb &F,(-
*" & D"*4JF, 4 & 4>8D,<,>H,
&Z&@*". +F:4 &,:4R4>"
BD4BJF8" 5<<, & B"D"<,HD
F:,*J,H 2"B4F"H\ 10000, BD4
JF:@&44, RH@ INCRSYSTB=1,
4 INCHDET=0. A"D"<,HD G73
U()i) W R 42<,>b,HFb 4
BD,*:@0,>4,< BD@(D"<<Z
(2>"R,>4, "*D,F" U).

1342 RELIEFZ (DWORD) AD4<,>4< H@:\8@ & &,DF44 H@8"D>@(@ FH">8" 
%,:4R4>" 4 >"BD"&:,>4, BD4BJF8" *:b R,D>@&@6 @$D"$@H84 & *@:\ @F4 Z & @$-
D"2P@&@< P48:, B@&H@D,>4b H4B" G73. A@>4<",HFb &F,(*" & 4>8D,<,>H, &Z&@-
*". +F:4 &,:4R4>" BD4BJF8" 5<<, & B"D"<,HD F:,*J,H 2"B4F"H\ 10000, BD4 JF:@-
&44, RH@ INCRSYSTB=1, 4 INCHDET=0. A"D"<,HD G73 U W()k) R 42<,>b,HFb 4
BD,*:@0,>4,< BD@(D"<<Z (2>"R,>4, "*D,F" W).
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1343 NUMDIV (DWORD) AD4<,>4< H@:\8@ & &,DF44 H@8"D>@(@ FH">8" 
Q4F:@ BD@N@*@& & @$D"2P@&@< P48:, B@&H@D,>4b H4B" G73. %,:4R4>J, 2"*">>J`
*:b BD4BJF8" R,D>@&@6 @$D"$@H84 (B"D"<,HD RELIEFX, RELIEFZ) D"2*,:4H\ >"
^H@ R4F:@, 4 BD4 R,D>@&@6 @$D"$@H84 BD@N@*Z $,DJHFb F B@:JR,>>Z< H"84<
@$D"2@< 2>"R,>4,<. A"D"<,HD G73 U W R(d) 42<,>b,HFb 4 BD,*:@0,>4,<
BD@(D"<<Z (2>"R,>4, "*D,F" R).

1344 RETG74G75 (DWORD) AD4<,>4< H@:\8@ & &,DF44 H@8"D>@(@ FH">8" 
%,:4R4>" @H&@*" & P48:"N
&ZH@R84 H4B" G74 4 G75. A@-
>4<",HFb &F,(*" & D"*4JF, 4
& 4>8D,<,>H, &Z&@*". +F:4
&,:4R4>" @H&@*" 1<<, & B"-
D"<,HD F:,*J,H 2"B4F"H\
2000, BD4 JF:@&44, RH@ INCR-
SYSTB=1, 4 INCHDET=0. A"-
D"<,HD G74 R(e), 4:4 G75
R(e) 42<,>b,HFb 4 BD,*:@0,-
>4,< BD@(D"<<Z (2>"R,>4, "*D,F" R).

1351 TOOLMEAS B@*(DJBB" (BIT)

1351 TOOLRAD (BIT) AD4<,>4< H@:\8@ & &,DF44 LD,2,D>@(@ FH">8" 
+F:4 2>"R,>4, B"D"<,HD" 1, H@(*" & H"$:4P, 8@DD,8P44 4>FHDJ<,>H" 2"*".HFb
D"*4JF 4>FHDJ<,>H", & BD@H4&@< F:JR", - *4"<,HD 4>FHDJ<,>H". % H"$:4P, F@-
ND">b,HFb & :`$@< F:JR", D"*4JF (@$ ^H@< <@0>@ J$,*4H\Fb BD4 &Z&@*, &@
&>,T>46 >"8@B4H,:\ *">>ZN), >@ BD4 2>"R,>44 B"D"<,HD" 0 BD4 &Z&@*, >" ̂ 8-
D"> 4:4 &&@*" *">>ZN, JBD"&:,>4,< &ZB@:>b`HFb >J0>Z, 8@>&,DF44.

1352 LENGTHSG (BIT)
0: 2>"8 8@DD,8P44 JFH">"&:4&",HFb BD4 2"<,D, *:4>Z 4>FHDJ<,>H" 8 &Z2@&J F
G43.
1: 2>"8 8@DD,8P44 JFH">"&:4&",HFb BD4 2"<,D, *:4>Z 4>FHDJ<,>H" 8 &Z2@&J F
G44.

1353 OFFSNL (BIT) AD4<,>4< H@:\8@ & &,DF44 H@8"D>@(@ FH">8" 
% H@< F:JR",, ,F:4 2>"R,>4, B"D"<,HD" 1, BD4 JBD"&:,>44 H@8"D>Z< FH">8@<,
>" ̂ 8D">, 2"<,D" *:4>Z 4>FHDJ<,>H" 8JDF@D "&H@<"H4R,F84 &FH"&4HFb >" bV48
8@DD,8P44, >@<,D 8@H@D@(@ F@&B"*",H F >@<,D@< 2"(DJ0,>>@(@ 4>FHDJ<,>H".

1371 FMULT B@*(DJBB" (BYTE)

1371 FMULT (BYTE)
A@8"0,H, RH@ & F8@:\8@ D"2 *@:0>@ $ZH\ J&,:4R,>@ JBD"&:,>4,< 2"BD@(D"<<4-

D@&">>"b B@*"R" &@ &D,<b @$D"$@H84, ,F:4 8:"&4T" $ZFHD@(@ N@*"  >"N@-

*4HFb & >"0"H@< F@FH@b>44.
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1372 JOGFEED (BYTE)
+F:4 ,(@ 2>"R,>4, =0, BD4 4FB@:\2@&">44 8:"&4T B,D,<,V,>4b @F,6, FJBB@DHZ
B,D,<,V"`HFb F@ F8@D@FH\`, B@:JR,>>@6 >"F:,*FH&,>>@ @H "*D,F" F.
+F:4 2>"R,>4, B"D"-
<,HD" =1 & C,04<,
B,D,<,V,>4b F8@-
D@FH\ *&40,>4b >,
2&4F4H @H >"F:,*FH-
&,>>@(@ 2>"R,>4b F. %
^H@< F:JR", F8@D@FH\
JR4HZ&",HFb >" @F>@-
&">44 B@:@0,>4b
BD@P,>H>@(@ &8:`R"-
H,:b B@*"R4, F@(:"F>@
BD4:@0,>>@6 H"$:4-
PZ.

% G21
<</<4>

G20
*`6</<4>

@F\ B@&@D@H"
°/<4>

0 0 0 0
1 2 0.08 0.4
2 3.2 0.12 0.64
5 5 0.2 1

10 7.9 0.3 1.58
20 12.6 0.5 2.52
30 20 0.8 4
40 32 1.2 6.4
50 50 2 10
60 79 3 15.8
70 126 5 25.2
80 200 8 40
90 320 12 64

100 500 20 100
110 790 30 158
120 1260 50 252

 L 1"<,R">4,: E<@HD4 ,V. (DJBBJ JOGRAP 4 AX.LIMIT.
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1373 HNDLFEED (BYTE)
1>"R,>4,< B"D"<,HD" @BD,*,:b`HFb F:,*J`V4, JF:@&4b: 
– @HV"("`HFb &F, 4<BJ:\FZ, B@FHJB4&T4, @H <"N@&4R8", 4:4 B@F:, @FH">@&84

<"N@&4R8" FD"2J @FH">@&4HFb, H@ ,FH\ >, @HT"(",H &F, &&,*,>>Z, &D"V,-
>4,< <"N@&4R8" 4<BJ:\FZ,

– <"8F4<":\>@6 F8@D@FH\` *&40,>4b b&:b,HFb F8@D@FH\, @BD,*,:.>>"b B"D"-
<,HD@< RAPID, 4:4 JOGRAP,

– ,F:4 B@F:, @FH">@&84 <"N@&4R8" >,@$N@*4<@ FD"2J @FH">@&4H\ *&40,>4,, @H-
T"(">>@, 2>"R,>4, *@:0>@ $ZH\ P,:@, R4F:@, 8D"H>@,JFH">@&:,>>@<J
R4F:J 4>8D,<,>H" (1, 10, 100), H@ ,FH\ *@:0,> *@$"&4H\, 4:4 >,H.

2>"R,>4,
HNDL-
FEED

%&,*,>>Z, 4<BJ:\FZ ;"8F4<":\>"b F8@D@FH\ )@ JFH">@&:,>>@(@ 4>8D,-
<,>H"

@HT"(",H >, @HT"(",H RAPID JOGRAP >, *@B@:>b,H *@B@:>b,H

0 X X X

1 X X X

2 X X X

3 X X X

4 X X X

5 X X X

6 X X X

7 X X X
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8.5 'DJBB" B"D"<,HD@& SERIAL

2001 BAUD RATE B@*(DJBB" (WORD)

200n BAUD RATEn (WORD), n=1..3
E8@D@FH\ B,D,*"R4 B@F:,*@&"H,:\>ZN 8">":@&. IBD"&:,>4,< FR4H"`HFb BD"-
&4:\>Z<4 H@:\8@ F:,*J`V4, 2>"R,>4b; 110, 134, 150, 300, 600, 1200, 1800, 2000,
2400, 3600, 4800, 7200, 9600, 19200, 38400, 4 56000.

2021 WORD LNG B@*(DJBB" (BYTE)

202n WORD LNGn (BYTE), n=1..3
):4>" 8"D"8H,D", H@ ,FH\ 8@:4R,FH&@ R4F:@ $4H@& *">>ZN <,0*J $4H"<4
START 4 STOP. %@2<@0>Z, 2>"R,>4b; 5, 6, 7 4 8.

2041 STOP BIT B@*(DJBB" (BYTE)

204n STOP BITn (BYTE), n=1..3
Q4F:@ $4H@& STOP.
0: 1 $4H STOP,
1: 1.5 $4H STOP,
2: 2 $4H STOP.

2061 PRTY CHECK B@*(DJBB" (BIT)

206n PRTY CHECKn (BIT), n=1..3
C"2D,T,>4, @$D"2@&">4b 4 BD@&,D84 $4H@& PARITY.
0: >,H @$D"2@&Z&">4b 4 >,H ">":42" B"D4H,H" $4H@& PARITY,
1: BD4 B,D,*"R, @$D"2@&Z&">4, $4H@& PARITY B,D,* $4H(Z) STOP,

BD4 BD4.<, BD@&,D8" B"D4H,H" $4H@& *">>ZN.

2081 EVEN PRTY B@*(DJBB" (BIT)

208n EVEN PRTYn (BIT), n=1..3
% F:JR", @$D"V,>4b B"D4H,H@< (PRTY CHECKn=1), ,F:4 2>"R,>4, B"D"<,HD":
=0 >,R.H>@,
=1 R.H>@,
BD@4FN@*4H @$D"2@&">4, 4">":42 B"D4H,H".
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2101 EIA B@*(DJBB" (BIT)

210n EIAn (BIT), n=1..3
AD4 B,D,*"R, @BD,*,:b,H, RH@ BD,*FH"&:b,H F@$@6 8@* &Z&@*" ASCII 4:4 EIA.
A@F8@:\8J 8"D"8H,DZ EIA >" 8 $4H@& 4<,`H >,R.H>Z6 B"D4H,H, " 8"D"8H,DZ
ASCII >" 8 $4H@& R.H>Z,, H"8 R4H"`V,, BD@(D"<<>@, @$,FB,R,>4, <@0,H "&H@-
<"H4R,F84 D"2:4R"H\ ̂ H4 *&" D@*" 8"D"8H,D@& *DJ( @H *DJ(". AD@(D"<<>@, @$,F-
B,R,>4, B@F:, B,D&@(@ 2>"R"V,(@ 8"D"8H,D" (>, BLANK) D,T",H 4 &F, @FH":\-
>Z, @04*",H & H@< 0, 8@*,.
0: ASCII,
1: EIA.

2121 CR SPACE B@*(DJBB" (BIT)

2121 CR1 (BIT)
+F:4 1, H@(*" >" B,D&@6 B@F:,*@&"H,:\>@6 :4>44, & 8@>P, 8"0*@6 FHD@8, BD@-
(D"<< @HFZ:",HFb 4 @*4> 8"D"8H,D r (Carriage Return), B@<4<@ 8"D"8H,D" s
(Line Feed).

2122 SPACE1 (BIT)
+F:4 1, H@(*" <,0*J F:@&" BD,*:@0,>46, @H@F:">>ZN >" B,D&@6 B@F:,*@&"H,:\-
>@6 :4>44 B@B"*"`H 8"D"8H,DZ BD@$,:".

2123 CR2 (BIT)
+F:4 1, H@(*" >" &H@D@6 B@F:,*@&"H,:\>@6 :4>44, & 8@>P, 8"0*@6 FHD@8, BD@-
(D"<< @HFZ:",HFb 4 @*4> 8"D"8H,D r (Carriage Return), B@<4<@ 8"D"8H,D" s
(Line Feed).

2124 SPACE2 (BIT)
+F:4 1, H@(*" <,0*J F:@&" BD,*:@0,>46, @H@F:">>ZN >" &H@D@6 B@F:,*@&"H,:\-
>@6 :4>44 B@B"*"`H 8"D"8H,DZ BD@$,:".

2125 CR3 (BIT)
+F:4 1, H@(*" >" HD,H,6 B@F:,*@&"H,:\>@6 :4>44, & 8@>P, 8"0*@6 FHD@8, BD@-
(D"<< @HFZ:",HFb 4 @*4> 8"D"8H,D r (Carriage Return), B@<4<@ 8"D"8H,D" s
(Line Feed).

2126 SPACE3 (BIT)
+F:4 1, H@(*" <,0*J F:@&" BD,*:@0,>46, @H@F:">>ZN >" HD,H,6 B@F:,*@&"H,:\-
>@6 :4>44 B@B"*"`H 8"D"8H,DZ BD@$,:".

2141 PROTOCOL B@*(DJBB" (BIT)

2141 HARDWARE1 (BIT)
2142 HARDWARE2 (BIT)
2143 HARDWARE3 (BIT)

2144 SOFTWARE1 (BIT)
2145 SOFTWARE2 (BIT)
2146 SOFTWARE3 (BIT)

=, 4FB@:\2J`HFb.
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8.6 'DJBB" B"D"<,HD@& FEED/ACC

2501 CORNCONTROL B@*(DJBB" (BIT)

L 1"<,R">4,: B@*D@$>@, @$XbF>,>4, B"D"<,HD@& (DJBBZ F<@HD4 &@ (:"&, 7.2.2 >"
FHD">4P, 112.

2501 CDEN (BIT)
+F:4 2>"R,>4, B"D"<,HD":
=0: "&H@<"H4R,F8@, 2"<,*:,>4, B@*"R4 BD4 J(:@& >, D"2D,T,>@, ,F:4
=1: "&H@<"H4R,F8@, 2"<,*:,>4, B@*"R4 BD4 J(:@& D"2D,T,>@.

L 1"<,R">4,:
G5.1 Q1 & F@FH@b>44 &ZF@8@H@R>@6, &ZF@8@F8@D@FH>@6 @$D"$@H84 (%E%G) 2"-
<,*:,>4, B@*"R4 BD4 J(:@& >,2"&4F4<@ @H B@:@0,>4b B"D"<,HD" &F,(*" *,6FH-
&4H,:\>@.

2502 FEEDDIF (BIT)
+F:4 & F@FH@b>44 CDEN=1 "&H@<"H4R,F8@, 2"<,*:,>4, B@*"R4 BD4 J(:@& D"2D,-
T,>@, 4 ,F:4 2>"R,>4, B"D"<,HD" FEEDDIF:
=0: 2"<,*:,>4, $"24DJ,HFb >" 8D4H4R,F846 J(@:, ,F:4 
=1: 2"<,*:,>4, $"24DJ,HFb >" 8D4H4R,F8J` D"2>4PJ B@*"R.

L 1"<,R">4,:
):b JBD"&:,>4b H@8"D>Z< FH">8@< B"D"<,HD JFH">@&4H\ & 0, " *:b JBD"&:,>4b
LD,2,D>Z< FH">8@< & 1.
G5.1 Q1 & F@FH@b>44 &ZF@8@H@R>@6, &ZF@8@F8@D@FH>@6 @$D"$@H84 (%E%G) 2"-
<,*:,>4, B@*"R4 $"24DJ,HFb &F,(*" >" 8D4H4R,F8J` D"2>4PJ B@*"R, >,2"&4F4<@
@H B@:@0,>4b B"D"<,HD".

2503 GEO (BIT)
+F:4 2>"R,>4, B"D"<,HD"
=0: D"$@H",H &F,(*" H@6 <"8F4<":\>@6 B@*"R,6, 8@H@DJ` B@2&@:b`H JFH">@&-

:,>>Z, D"2>4PZ B@*"R 4 JF8@D,>4b >@D<":\>@(@ >"BD"&:,>4b & D,04<,
%E%G,

=1: D"$@H",H &F,(*" H@6 <"8F4<":\>@6 B@*"R,6, 8@H@DJ` B@2&@:b`H JFH">@&-
:,>>Z, D"2>4PZ B@*"R 4 JF8@D,>4b >@D<":\>@(@ >"BD"&:,>4b & D,04<,
%E%G, H"84< @(D">4R,>4,<, RH@ B@*"R" B@FH@b>>"b, >,2"&4F4<@ @H (,@-
<,HD4R,F8@(@ D"FB@:@0,>4b. AD4 ̂ H@< B@*"R4 <@(JH $ZH\ N@H\ >" 30%-
@& <,>\T,, R,< 8@(*" 2>"R,>4, B"D"<,HD" 1.

L 1"<,R">4,:
G5.1 Q1 B"D"<,HD *,6FH&4H,:,> 4 & F@FH@b>44 &ZF@8@H@R>@6, &ZF@8@F8@D@FH-
>@6 @$D"$@H84 (%E%G).
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F a r= ×

2511 CRITICAN B@*(DJBB" (WORD)

L 1"<,R">4,: B@*D@$>@, @$XbF>,>4, B"D"<,HD@& (DJBBZ F<@HD4 &@ (:"&, 7.2.2 >"
FHD">4P, 112. 4 &@ (:"&, 7.2.3 >" FHD">4P, 115.

2511 CRITICAN (WORD)
+F:4 "&H@<"H4R,F8@, 2"<,*:,>4, B@*"R4 BD4 J(:@& $"24DJ,HFb >" 8D4H4R,F846
J(@: (FEEDDIF=0), 2>"R,>4, 8D4H4R,F8@(@ J(:" 2"*".HFb & (D"*JF"N >" ̂ H@< B"-
D"<,HD,.

2512 FEEDCORN (WORD)
+F:4 "&H@<"H4R,F8@, 2"<,*:,>4, B@*"R4 BD4 J(:@& $"24DJ,HFb >" 8D4H4R,F846
J(@: (FEEDDIF=0) >" ̂ H@< B"D"<,HD, 2"*".HFb, *@ 8"8@6 B@*"R4 *@:0>@ 2"<,*-
:4H\ JBD"&:,>4,.

2513 CIRCFMIN (WORD)
A"D"<,HD *,6FH&4H,:,> H@:\8@ BD4 &Z8:`R,>>@< F@FH@b>44 H@R,>4b %E%G
(G5.1 Q0).
AD4 @$D"$@H8, *J( &,:4R4>" B@*"R4 F @(D">4R4&",HFb JBD"&:,>4,< >" @F>@&"-
>44 2"&4F4<@FH4

(*,:
 a: <,>\T,, 42 2>R,>46 JF8@D,>46 ((DJBB" B"D"<,HD@& ACC), 2"*">>ZN *:b

@F,6, JR"&FH&J`V4N & 4>H,DB@:bP44 @8DJ0>@FH4,
 r: D"*4JF @8DJ0>@FH4.
):b H@(@, RH@$Z B@*"R" >, J<,>\T4:"F\ *@ $,F8@>,R>@FH4, B"D"<,HD@< 1413
CIRCFMIN <@0>@ 2"*"&"H\ <4>4<":\>@, 2>"R,>4, B@*"R4. +F:4 D"FR.H>"b B@-
*"R" <,>\T,, R,< 2"*">>@, B"D"<,HD@< CIRCFMIN 2>"R,>4, (F<CIRCFMIN), B@-
*"R" $,D.HFb JBD"&:,>4,< F B"D"<,HD" CIRCFMIN.
+F:4 2"BD@(D"<<4D@&">>"b B@*"R" <,>\T, 2"B4F">>@(@ & B"D"<,HD 2>"R,>4b,
H@(*" BD4>4<",HFb &@ &>4<">4, 2"BD@(D"<<4D@&">>"b B@*"R". A@* *,6FH&4,<
BD@P,>H>@(@ &8:`R"H,:b B@*"R4 H"80, <@0,H JN@*4H\ B@*"R" >40, 2"*">>@(@
B"D"<,HD@< 2>"R,>4b.
+F:4 2>"R,>4, CIRCFMIN JFH">@&4H\ $@:\T, B@*"R4, JFH">@&:,>>@6 B"D"<,H-
D@< FEEDMAX, *@BJF8",<@6 *:b JR"&FH&J`V4N & 4>H,DB@:bP44 @F,6, LJ>8-
P4` <@0>@ @$,2*,6FH&@&"H\.

2521 CRITFDIF B@*(DJBB" (WORD)

L 1"<,R">4,: B@*D@$>@, @$XbF>,>4, B"D"<,HD@& (DJBBZ F<@HD4 &@ (:"&, 7.2.2  >"
FHD">4P, 112.

252n CRITFDIFn (WORD) n=1..8
A"D"<,HD *,6FH&4H,:,> H@:\8@ BD4 &Z8:`R,>>@< F@FH@b>44 &ZF@8@H@R>@(@,
&ZF@8@F8@D@FH>@(@ H@R,>4b(G5.1 Q0).
+F:4 "&H@<"H4R,F8@, 2"<,*:,>4, B@*"R4 D"2D,T,>@ BD4 J(:@& (CDEN=1), 4 2"-
<,*:,>4, BD@4FN@*4H B@ 8D4H4R,F8@6 D"2>4PZ B@*"R4 (FEEDDIF=1), &,:4R4>J
8D4H4R,F8@6 D"2>4PZ B@*"R4 B@ @Fb< <@0>@ 2"*"&"H\ B"D"<,HD@< CRITFDIFn.
C"2<,D>@FH\ 8D4H4R,F8@6 D"2>4PZ B@*"R4 *:b :4>,6>ZN @F,6 <</<4>, 4:4
*`6</<4> & 2"&4F4<@FH4 @H B@:@0,>4b B"D"<,HD" INCHDET," *:b &D"V"`-
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V4NFb @F,6 °/<4>.

2531 HSHPCONTR B@*(DJBB" (BIT)

2531 FDFORWEN (BIT)
A@* *,6FH&4,< F@FH@b>4b 1228 HSHP=1 (G5.1 Q1) @$D"$@H8" %E%G <@0,H &8:`-
R4H\Fb feedforward. +F:4 2>"R,>4, B"D"<,HD":
=0: BD,*&8:`R,>4, F8@D@FH4 (feedforward) >, D"2D,T,>@

 =1: BD,*&8:`R,>4, F8@D@FH4 (feedforward) D"2D,T,>@.
2532 FDFORWRAP (BIT)

+F:4 2>"R,>4, B"D"<,HD"
=0: BD4 *&40,>46 $ZFHD@(@ N@*" (G0) BD,*&8:`R,>4, F8@D@FH4 (feedforward) >,

&@2*,6FH&@&">@, 
=1: BD4 *&40,>46 $ZFHD@(@ N@*" H@0, &@2*,6FH&@&">@.

2533 ZAXOVEN (BIT)
+(@ 2>"R,>4, @$b2"H,:\>@ D"&>@ 0.
2534 NOFEEDR (BIT)

+F:4 2>"R,>4, B"D"<,HD"
=0: BD4 D"FR.H, B@*"R4 JBD"&:,>4, 4FN@*4H 42 2"BD@(D"<<4D@&">>@6 F,
=1: & F@FH@b>44 G5.1 Q1 &F, 8@<">*Z B@*"R4 F @$,2*,6FH&@&">Z. 1"BD@(D"<<4-
D@&">>"b B@*"R" >"F:,*J,HFb 4 B@* *,6FH&4,< 8@<">*Z G5.1 Q0 &FHJB",H & F4-
:J. A@*"R" @F,6 @BD,*,:b,HFb 4F8:`R4H,:\>@ *@BJF8",<Z<4 JF8@D,>4b<4 4
8D4H4R,F84<4 D"2>4P"<4 B@*"R. !$F@:`H>@, @(D">4R,F>4, @2>"R"`H H@:\8@
B"D"<,HDZ 4741 FEEDMAX, *":,, H@, ,F:4 D"FR4H">>"b H"84< @$D"2@< B@*"R"
$@:\T, 2"B4F">>@(@ & B"D"<,HD 2542 FEEDHIGH 2>"R,>4b.

2535 SMOOTHEN (BIT)
+F:4 2>"R,>4, B"D"<,HD"
=0: JBD"&:,>4,< >, &ZB@:>b,HFb F(:"0,>>"b 4>H,DB@:bP4b
=1: JBD"&:,>4,< &ZB@:>b,HFb F(:"0,>>"b 4>H,DB@:bP4b F@(:"F>@

42:@0,>>Z< & 8@<">*, G5.1 Q2. 7@<">*@6 G5.1 Q2 ^H@H B"D"<,HD
2"B4T,HFb & 1, a 8@<">*@6 G5.1 Q0, 4:4 Q1 & 0.

2541 FEEDLIM B@*(DJBB" (WORD)

2541 FEEDLOW (WORD)
A"D"<,HD *,6FH&4H,:,> H@:\8@ BD4 &8:`R,>>@< F@FH@b>44 &ZF@8@H@R>@(@, &Z-
F@8@F8@D@FH>@(@ H@R,>4b (G5.1 Q1).
+(@ *,6FH&4, J BD,*:@0,>46 4>H,DB@:bP44 @8DJ0>@FH4 H@ 0, F"<@,, 8"8 J B"-
D"<,HD" CIRCFMIN, H@ ,FH\ >, *@BJF8",H J<,>\T,>4, B@*"R4 B@* ̂ H@ 2>"R,>4,.
7D@<, ^H@(@, & N@*, &ZF@8@H@R>@6 @$D"$@H84 & *@:\ HD",8H@D44 >,BD,DZ&>@
@FJV,FH&:b,H 8@DD,8P4b B@*"R4 42-2" JF8@D,>46 >@D<":\>@(@ >"BD"&:,>4b,
4 >, *@BJF8",H J<,>\T,>4, B@BD"&:,>>@6 H"84< @$D"2@< B@*"R4 B@* ̂ H@ 2>"-
R,>4,.
+F:4 2"BD@("<<4D@&">>"b B@*"R" <,>\T, 2"B4F">>@(@ & B"D"<,HD 2>"R,>4b,
H@(*" BD4>4<",HFb &@ &>4<">4, 2"BD@(D"<<4D@&">>"b B@*"R". A@* *,6FH&4,<
BD@P,>H>@(@ &8:`R"H,:b B@*"R4 H"80, <@0,H JN@*4H\ B@*"R" >40, 2"*">>@(@
B"D"<,HD@< 2>"R,>4b, " H"80, B@* *,6FH&4,< J<,>\T,>4b B@*"R4, BD4<,>.>-
>@(@ & 2"&4F4<@FH4 @H J(:" @BJF8">4b @F4 Z (@H >"(DJ284 H@R,>4b).
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2542 FEEDHIGH (WORD)
A"D"<,HD *,6FH&4H,:,> H@:\8@ BD4 &8:`R,>>@< F@FH@b>44 &ZF@8@H@R>@(@, &Z-
F@8@F8@D@FH>@(@ H@R,>4b, & D,04<, %E%G (G5.1 Q1), ,F:4 2>"R,>4, B"D"<,HD"
2534 NOFEEDR D"&>@ 1. AD4 ̂ H@< JBD"&:,>4,< &ZR4F:b,HFb 4FN@*>@, 2>"R,>4,
B@*"R4 42 JFH">@&:,>>@(@ B"D"<,HD@< FEEDMAX 2>"R,>46, @*>"8@ ,F:4 D"FR4-
H">>@, H"84< @$D"2@< 2>"R,>4, $@:\T, B"D"<,HD" FEEDHIGH, H@(*" 2" 4FN@*-
>Z< 2>"R,>4,< B@*"R4 $,D.HFb B"D"<,HD FEEDHIGH., 4 ̂ H@ 2>"R,>4, J<,>\T"-
,H & 2"&4F4<@FH4 @H JF8@D,>46 >@D<":\>@(@ >"BD"&:,>4b 4 8D4H4R,F8@6 D"2>4-
PZ B@*"R.

2551 LOADOVERR B@*(DJBB" (BYTE)

2551 AREA2 (BYTE)
+(@ 2>"R,>4, @$b2"H,:\>@ D"&>@ 100.
2552 AREA3 (BYTE)

+(@ 2>"R,>4, @$b2"H,:\>@ D"&>@ 100.
2553 AREA4 (BYTE)
+(@ 2>"R,>4, @$b2"H,:\>@ D"&>@ 100.

2561 SELECT B@*(DJBB" (BIT)

IFH">"&:4&",<Z, 2*,F\ B"D"<,HDZ *,6FH&4H,:>Z BD4 &8:`R,>>@< F@FH@b>44
&ZF@8@H@R>@(@, &ZF@8@F8@D@FH>@(@ H@R,>4b (%E%G) 1228 HSHP=1 (G5.1 Q1).

2561 FINISH (BIT)
+F:4 2>"R,>4, B"D"<,HD" 1, &Z$4D"`HFb B"D"<,HDZ 2600 *:b R4FH@&@6 @$D"$@H-
84 %E%G. 1"<,>b,H 8@<">*J G5.1 R1.

2562 MEDIUM (BIT)
+F:4 2>"R,>4, B"D"<,HD" 1, &Z$4D"`HFb B"D"<,HDZ 2700 *:b B@:JR4FH@&@6 @$-
D"$@H84 %E%G. 1"<,>b,H 8@<">*J G5.1 R2.

2563 ROUGH (BIT)
+F:4 2>"R,>4, B"D"<,HD" 1, &Z$4D"`HFb B"D"<,HDZ 2800 *:b R,D>@&@6 @$D"$@H-
84 %E%G. 1"<,>b,H 8@<">*J G5.1 R3.
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2601 FINLEVEL B@*(DJBB" (WORD)

2601 FINACCUR (WORD)
AD4 @$D"$@H8, %E%G, & F:JR", R4FH@&@6 @$D"$@H84, F8:"*Z&",H 2"BD@(D"<<4-
D@&">>Z,, 8@D@H84,, BDb<Z, B,D,<,V,>4b B@ @Fb< *@ H,N B@D, B@8" 2>"R,>4,
B@ 8"8@6-H@ @F4 $J*,H $@:\T, 2>"R,>4b, JFH">@&:,>>@(@ B"D"<,HD@<, 2"H,<
F&,*,>>Z, B,D,<,V,>4b &Z*".H & @*>@<. 
3FH@:8@&">4,: 4>8D,<,>H &Z&@*". 
+F:4 2>"R,>4, B"D"<,HD" 20 4 2"*,6FH&@&">@ INCRSYSTB, >"4<,>\T,, B,D,<,-
V,>4, 0.01 <<, 8@H@D@, &Z*".HFb JBD"&:,>4,< & FH@D@>J FH">8".
IFH">@&:,>>@, 2*,F\ 2>"R,>4, <@0,H &:4bH\ 4 >" B@*"RJ, &,*\ R,< <,>\T, 2>"-
R,>4, 2"*".HFb, H,< <,>\T, B,D,<,V,>4, <@0,H F@&,DT4H\ 4>FHDJ<,>H *:b
42$,0">4b 8@:,$">4b B@*"R4..
+F:4 2>"R,>4, B"D"<,HD" 0, JBD"&:,>4,< BD,*B@:@(",HFb 1.

2602 FINACCLEV (WORD)
]H@H B"D"<,HD BD4 @$D"$@H8, %E%G, & F:JR", R4FH@&@6 @$D"$@H84, BD,*FH"&:b-
,H F@$@6 BD@P,>H>@, (override) 2>"R,>4,, @H>@FbV,,Fb 8 JF8@D,>4b<, *:b H@>8@6
>"FHD@684 F:,0,>4b 2" HD",8H@D4,6.
3FH@:8@&">4,: % 
?$:"FH\ 2>"R,>46: 1%...100%
+F:4 2>"R,>4, B"D"<,HD" =0, 4:4 >100, H@(*" JBD"&:,>4,< $,D.HFb 100%-@&.
),6FH&J,H >" 2>"R,>4b FINTANACC 4 FINNORMACC.

2611 FINTANACC B@*(DJBB" (WORD)

261n FINTANACCn (WORD) n=1..8
]H@H B"D"<,HD BD4 @$D"$@H8, %E%G, & F:JR", R4FH@&@6 @$D"$@H84, BD,*FH"&:b-
,H F@$@6 B"D"<,HD, @BD,*,:b`V46 H">(,>P4":\>@, (& >"BD"&:,>44 8"F"H,:\-
>@6) JF8@D,>4, *:b @F4 1..8.
C"2<,D>@FH\: <</F,82.
IF8@D,>4b, @BD,*,:.>>Z, & (DJBB, 4701 ACC, JBD"&:,>4,< FR4H"`HFb 2" "$F@-
:`H>Z< <4>4<J<@<, 4 ,F:4 FINTANACCn>ACCn, 2"*,6FH&J,H B"D"<,HD ACCn.

2621 FINACCTC B@*(DJBB" (WORD)

262n FINACCTCn (WORD)
]H@H B"D"<,HD BD4 @$D"$@H8, %E%G, & F:JR", R4FH@&@6 @$D"$@H84, BD,*FH"&:b-
,H F@$@6 B@FH@b>>@, &D,<,>4, @H>@FbV,(@Fb 8 B"D"<,HDJ, @BD,*,:b`V,<J H">-
(,>P4":\>@, (& >"BD"&:,>44 8"F"H,:\>@6) JF8@D,>4, *:b @F4 1..8..
C"2<,D>@FH\: <F,8.
A@FH@b>>Z, &D,<,>4, @BD,*,:.>>Z, & (DJBB, 4901 ACCTC JBD"&:,>4,< FR4H"-
`HFb 2" "$F@:`H>Z< <4>4<J<@<, 4 ,F:4 FINACCTCn<ACCTCn, 2"*,6FH&J,H B"-
D"<,HD ACCTCn.
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2631 FINNORMACC B@*(DJBB" (WORD)

263n FINNORMACCn (WORD)
]H@H B"D"<,HD BD4 @$D"$@H8, %E%G, & F:JR", R4FH@&@6 @$D"$@H84, BD,*FH"&:b-
,H F@$@6 B"D"<,HD, @BD,*,:b`V46 >@D<":\>@, (B,DB,>*48J:bD>@, 8 HD",8H@-
D44) JF8@D,>4, *:b @F4 1..8.
C"2<,D>@FH\: <</F,82.
%,:4R4>" B"D"<,HD" & 2>"R4H,:\>@6 <,D, &:4b,H >" &,:4R4>J L@D<4DJ`V,6Fb
B@*"R4.
IF8@D,>4b, @BD,*,:.>>Z, & (DJBB, 4701 ACC JBD"&:,>4,< FR4H"`HFb 2" "$F@-
:`H>Z< <"8F4<J<@<, 4 ,F:4 FINNORMACCn>ACCn 2"*,6FH&J,H B"D"<,HD
ACCn.

2641 FINFDIF B@*(DJBB" (WORD)

264n FINFDIFn (WORD)
]H@H B"D"<,HD BD4 @$D"$@H8, %E%G, & F:JR", R4FH@&@6 @$D"$@H84, *".H 8D4H4-
R,F8J` D"2>4PJ B@*"R, *@BJF8",<J` BD4 J(:"N.
+(@ 4FH@:8@&">4, & F:JR", :4>,6>ZN @F,6 & D"2<,D>@FH4 <</<4> (& F:JR",
INCHDET=0), 4:4 & D"2<,D>@FH4 *`6</<4> (& F:JR", INCHDET=1), " & F:JR",
&D"V"`V4NFb @F,6 & D"2<,D>@FH4 //<4>.
Q,< <,>\T, B"D"<,HD, H,< @FHD,, $J*,H J(@:.. 

2651 FINFFORW B@*(DJBB" (WORD)

265n FINFFORWn (WORD)
]H@H B"D"<,HD BD4 @$D"$@H8, %E%G, & F:JR", R4FH@&@6 @$D"$@H84, *".H <,DJ
BD,*&8:`R,>4b F8@D@FH4. ),6FH&J,H H@:\8@ H@(*", ,F:4 B"D"<,HD@< 2531
FDFORWEN F@ 2>"R,>4,< 1 B@:JR4H D"2D,T,>4,.
3FH@:8@&">4,: 0.01%
C,8@<,>*@&">>"b @$:"FH\ 2>"R,>46: 8000...9500 (80%...95%)
+(@ H4B4R>@, 2>"R,>4,: 8500 (85%).
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2701 MEDLEVEL B@*(DJBB" (WORD)

2701 MEDACCUR (WORD)
AD4 @$D"$@H8, %E%G, & F:JR", B@:JR4FH@&@6 @$D"$@H84, F8:"*Z&",H 2"BD@-
(D"<<4D@&">>Z,, 8@D@H84,, BDb<Z, B,D,<,V,>4b B@ @Fb< *@ H,N B@D, B@8" 2>"-
R,>4, B,D,<,V,>4b >" 8"8@6-H@ @F4 $J*,H $@:\T, 2>"R,>4b, JFH">@&:,>>@(@
B"D"<,HD@<, 2"H,< F&,*,>>Z, H"84< @$D"2@< B,D,<,V,>4, &Z*".H & @*>@<. 
+(@ 4FH@:8@&">4,: 4>8D,<,>H &Z&@*". 
+F:4 2>"R,>4, B"D"<,HD" 20 4 2"*,6FH&@&">@ INCRSYSTB, >"4<,>\T,, B,D,<,-
V,>4, 0.01 <<, 8@H@D@, &Z*".HFb JBD"&:,>4,< & FH@D@>J FH">8".
IFH">@&:,>>@, 2*,F\ 2>"R,>4, <@0,H &:4bH\ 4 >" B@*"RJ, &,*\ R,< <,>\T, 2>"-
R,>4, 2"*".HFb, H,< <,>\T, B,D,<,V,>4, <@0,H F@&,DT4H\ 4>FHDJ<,>H *:b
42$,0">4b 8@:,$">4b B@*"R4.
+F:4 2>"R,>4, B"D"<,HD" 0, JBD"&:,>4,< BD,*B@:@(",HFb 1.

2702 MEDACCLEV (WORD)
]H@H B"D"<,HD BD4 @$D"$@H8, %E%G, & F:JR", B@:JR4FH@&@6 @$D"$@H84, BD,*-
FH"&:b,H F@$@6 BD@P,>H>@, (override) 2>"R,>4,, @H>@FbV,,Fb 8 JF8@D,>4b<, *:b
H@>8@6 >"FHD@684 F:,0,>4b 2" HD",8H@D4,6.
3FH@:8@&">4,: % 
?$:"FH\ 2>"R,>46: 1%...100%
+F:4 2>"R,>4, B"D"<,HD" =0, 4:4 >100, H@(*" JBD"&:,>4,< $,D.HFb 100%-@&.
),6FH&J,H >" 2>"R,>4b MEDTANACC 4 MEDNORMACC.

2711 MEDTANACC B@*(DJBB" (WORD)

271n MEDTANACCn (WORD) n=1..8
]H@H B"D"<,HD BD4 @$D"$@H8, %E%G, & F:JR", B@:JR4FH@&@6 @$D"$@H84, BD,*-
FH"&:b,H F@$@6 B"D"<,HD, @BD,*,:b`V46 H">(,>P4":\>@, (& >"BD"&:,>44 8"F"-
H,:\>@6) JF8@D,>4, *:b @F4 1..8.
C"2<,D>@FH\: <</F,82.
IF8@D,>4b, @BD,*,:.>>Z, & (DJBB, 4701 ACC, JBD"&:,>4,< FR4H"`HFb 2" "$F@-
:`H>Z< <"8F4<J<@<, 4 ,F:4 MEDTANACCn>ACCn, 2"*,6FH&J,H B"D"<,HD
ACCn.

2721 MEDACCTC B@*(DJBB" (WORD)

272n MEDACCTCn (WORD)
]H@H B"D"<,HD BD4 @$D"$@H8, %E%G, & F:JR", B@:JR4FH@&@6 @$D"$@H84, BD,*-
FH"&:b,H F@$@6 B@FH@b>>@, &D,<,>4, @H>@FbV,(@Fb 8 B"D"<,HDJ, @BD,*,:b`V,-
<J H">(,>P4":\>@, (& >"BD"&:,>44 8"F"H,:\>@6) JF8@D,>4, *:b @F4 1..8.
C"2<,D>@FH\: <F,8.
A@FH@b>>Z, &D,<,>4, @BD,*,:.>>Z, & (DJBB, 4901 ACCTC JBD"&:,>4,< FR4H"-
`HFb 2" "$F@:`H>Z< <4>4<J<@<, 4 ,F:4 MEDACCTCn<ACCTCn, 2"*,6FH&J,H
B"D"<,HD ACCTCn.
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2731 MEDNORMACC B@*(DJBB" (WORD)

273n MEDNORMACCn (WORD)
]H@H B"D"<,HD BD4 @$D"$@H8, %E%G, & F:JR", B@:JR4FH@&@6 @$D"$@H84, BD,*-
FH"&:b,H F@$@6 B"D"<,HD, @BD,*,:b`V46 >@D<":\>@, (B,DB,>*48J:bD>@, 8 HD"-
,8H@D44) JF8@D,>4, *:b @F4 1..8.
C"2<,D>@FH\: <</F,82.
%,:4R4>" B"D"<,HD" & 2>"R4H,:\>@6 <,D, &:4b,H >" &,:4R4>J L@D<4DJ`V,6Fb
B@*"R4.
IF8@D,>4b, @BD,*,:.>>Z, & (DJBB, 4701 ACC JBD"&:,>4,< FR4H"`HFb 2" "$F@-
:`H>Z< <"8F4<J<@<, 4 ,F:4 MEDNORMACCn>ACCn 2"*,6FH&J,H B"D"<,HD
ACCn.

2741 MEDFDIF B@*(DJBB" (WORD)

274n MEDFDIFn (WORD)
]H@H B"D"<,HD BD4 @$D"$@H8, %E%G, & F:JR", B@:JR4FH@&@6 @$D"$@H84, *".H
8D4H4R,F8J` D"2>4PJ B@*"R, *@BJF8",<J` BD4 J(:"N.
+(@ 4FH@:8@&">4, & F:JR", :4>,6>ZN @F,6 & D"2<,D>@FH4 <</<4> (& F:JR",
INCHDET=0), 4:4 & D"2<,D>@FH4 *`6</<4> (& F:JR", INCHDET=1), " & F:JR",
&D"V"`V4NFb @F,6 & D"2<,D>@FH4 //<4>.
Q,< <,>\T, B"D"<,HD, H,< @FHD,, $J*,H J(@:.

2751 MEDFFORW B@*(DJBB" (WORD)

275n MEDFFORWn (WORD)
]H@H B"D"<,HD BD4 @$D"$@H8, %E%G, & F:JR", B@:JR4FH@&@6 @$D"$@H84, *".H <,-
DJ BD,*&8:`R,>4b F8@D@FH4. ),6FH&J,H H@:\8@ H@(*", ,F:4 B"D"<,HD@< 2541
FDFORWEN F@ 2>"R,>4,< 1 B@:JR4H D"2D,T,>4,.
3FH@:8@&">4,: 0.01%
C,8@<,>*@&">>"b @$:"FH\ 2>"R,>46: 8000...9500 (94%...100%)
+(@ H4B4R>@, 2>"R,>4,: 8500 (85%).
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2801 ROULEVEL B@*(DJBB" (WORD)

2801 ROUACCUR (WORD)
AD4 @$D"$@H8, %E%G, & F:JR", R,D>@&@6 @$D"$@H84, F8:"*Z&",H 2"BD@(D"<<4-
D@&">>Z,, 8@D@H84,, BDb<Z, B,D,<,V,>4b B@ @Fb< *@ H,N B@D, B@8" 2>"R,>4,
B,D,<,V,>4b >" 8"8@6-H@ @F4 $J*,H $@:\T, 2>"R,>4b, JFH">@&:,>>@(@ B"D"<,H-
D@<, 2"H,< F&,*,>>Z, H"84< @$D"2@< B,D,<,V,>4, &Z*".H & @*>@<.
3FH@:8@&">4,: 4>8D,<,>H &Z&@*". 
+F:4 2>"R,>4, B"D"<,HD" 20 4 2"*,6FH&@&">@ INCRSYSTB, >"4<,>\T,, B,D,<,-
V,>4, 0.01 <<, 8@H@D@, &Z*".HFb JBD"&:,>4,< & FH@D@>J FH">8".
IFH">@&:,>>@, 2*,F\ 2>"R,>4, <@0,H &:4bH\ 4 >" B@*"RJ, &,*\ R,< <,>\T, 2>"-
R,>4, 2"*".HFb, H,< <,>\T, B,D,<,V,>4, <@0,H F@&,DT4H\ 4>FHDJ<,>H *:b
42$,0">4b 8@:,$">4b B@*"R4.
+F:4 2>"R,>4, B"D"<,HD" 0, JBD"&:,>4,< BD,*B@:@(",HFb 1.

2802 ROUACCLEV (WORD)
]H@H B"D"<,HD BD4 @$D"$@H8, %E%G, & F:JR", R,D>@&@6 @$D"$@H84, BD,*FH"&:b-
,H F@$@6 BD@P,>H>@, (override) 2>"R,>4,, @H>@FbV,,Fb 8 JF8@D,>4b<, *:b H@>8@6
>"FHD@684 F:,0,>4b 2" HD",8H@D4,6.
3FH@:8@&">4,: % 
?$:"FH\ 2>"R,>46: 1%...100%
+F:4 2>"R,>4, B"D"<,HD" =0, 4:4 >100, H@(*" JBD"&:,>4,< $,D.HFb 100%-@&.
),6FH&J,H >" 2>"R,>4b ROUTANACC 4 ROUNORMACC.

2811 ROUTANACC B@*(DJBB" (WORD)

281n ROUTANACCn (WORD) n=1..8
]H@H B"D"<,HD BD4 @$D"$@H8, %E%G, & F:JR", R,D>@&@6 @$D"$@H84, BD,*FH"&:b-
,H F@$@6 B"D"<,HD, @BD,*,:b`V46 H">(,>P4":\>@, (& >"BD"&:,>44 8"F"H,:\-
>@6) JF8@D,>4, *:b @F4 1..8.
C"2<,D>@FH\: <</F,82.
IF8@D,>4b, @BD,*,:.>>Z, & (DJBB, 4701 ACC, JBD"&:,>4,< FR4H"`HFb 2" "$F@-
:`H>Z< <"8F4<J<@<, 4 ,F:4 ROUTANACCn>ACCn, 2"*,6FH&J,H B"D"<,HD
ACCn..

2821 ROUACCTC B@*(DJBB" (WORD)

282n ROUACCTCn (WORD)
]H@H B"D"<,HD BD4 @$D"$@H8, %E%G, & F:JR", R,D>@&@6 @$D"$@H84, BD,*FH"&:b-
,H F@$@6 B@FH@b>>@, &D,<,>4, @H>@FbV,(@Fb 8 B"D"<,HDJ, @BD,*,:b`V,<J H">-
(,>P4":\>@, (& >"BD"&:,>44 8"F"H,:\>@6) JF8@D,>4, *:b @F4 1..8.
C"2<,D>@FH\: <F,8.
A@FH@b>>Z, &D,<,>4, @BD,*,:.>>Z, & (DJBB, 4901 ACCTC JBD"&:,>4,< FR4H"-
`HFb 2" "$F@:`H>Z< <4>4<J<@<, 4 ,F:4 ROUACCTCn<ACCTCn, 2"*,6FH&J,H
B"D"<,HD ACCTCn.
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2831 ROUNORMACC B@*(DJBB" (WORD)

283n ROUNORMACCn (WORD)
]H@H B"D"<,HD BD4 @$D"$@H8, %E%G, & F:JR", R,D>@&@6 @$D"$@H84, BD,*FH"&:b-
,H F@$@6 B"D"<,HD, @BD,*,:b`V46 >@D<":\>@, (B,DB,>*48J:bD>@, 8 HD",8H@-
D44) JF8@D,>4, *:b @F4 1..8.
C"2<,D>@FH\: <</F,82.
%,:4R4>" B"D"<,HD" & 2>"R4H,:\>@6 <,D, &:4b,H >" &,:4R4>J L@D<4DJ`V,6Fb
B@*"R4.
IF8@D,>4b, @BD,*,:.>>Z, & (DJBB, 4701 ACC JBD"&:,>4,< FR4H"`HFb 2" "$F@-
:`H>Z< <"8F4<J<@<, 4 ,F:4 ROUNORMACCn>ACCn 2"*,6FH&J,H B"D"<,HD
ACCn.

2841 ROUFDIF B@*(DJBB" (WORD)

284n ROUFDIFn (WORD)
]H@H B"D"<,HD BD4 @$D"$@H8, %E%G, & F:JR", R,D>@&@6 @$D"$@H84, *".H 8D4H4-
R,F8J` D"2>4PJ B@*"R, *@BJF8",<J` BD4 J(:"N.
+(@ 4FH@:8@&">4, & F:JR", :4>,6>ZN @F,6 & D"2<,D>@FH4 <</<4> (& F:JR",
INCHDET=0), 4:4 & D"2<,D>@FH4 *`6</<4> (& F:JR", INCHDET=1), " & F:JR",
&D"V"`V4NFb @F,6 & D"2<,D>@FH4 //<4>.
Q,< <,>\T, B"D"<,HD, H,< @FHD,, $J*,H J(@:. 

2851 ROUFFORW B@*(DJBB" (WORD)

285n ROUFFORWn (WORD)
]H@H B"D"<,HD BD4 @$D"$@H8, %E%G, & F:JR", R,D>@&@6 @$D"$@H84, *".H <,DJ
BD,*&8:`R,>4b F8@D@FH4. ),6FH&J,H H@:\8@ H@(*", ,F:4 B"D"<,HD@< 2551
FDFORWEN F@ 2>"R,>4,< 1 B@:JR4H D"2D,T,>4,.
3FH@:8@&">4,: 0.01%
C,8@<,>*@&">>"b @$:"FH\ 2>"R,>46: 8000...9500 (80%...95%)
+(@ H4B4R>@, 2>"R,>4,: 8500 (85%).

2861 SMOOTH B@*(DJBB" (DWORD)

2861 MAXDIST (DWORD)
;"8F4<":\>@, B,D,<,V,>4,, 2"BD@(D"<<4D@&">>@, & @*>@< 8"*D,, *:b
8@H@D@(@ ,V. *,6FH&J,H F(:"0,>>"b 4>H,DB@:bP4b. +F:4 & BD@(D"<<,
2"BD@(D"<<4D@&">" F(:"0,>>"b 4>H,DB@:bP4b 8@<">*@6 G5.2 Q2,
D"2(:b04&">4, 4FB@:>b,HFb *:b H,N B@F:,*J`V4N *DJ( 2" *DJ(@<  JR"FH8@&,
&ZB@:>b`V4N BDb<J` 4>H,DB@:bP4`, (*, *:4>" BDb<@(@ JR"FH8" 8@D@R,
2>"R,>4b, 2"*">>@(@ B"D"<,HD@< MAXDIST. AD4 >"N@0*,>44 JR"FH8", *:4>,,
2"*">>@(@ B"D"<,HD@< 2>"R,>4b, *:b >,(@ >, &ZB@:>b,H D"2(:b04&">4,, "
&ZB@:>b,H ,(@ 8"8 BDb<J`.
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8.7 'DJBB" B"D"<,HD@& AX.LIMIT

A@ @F4, B@ 8@H@D@6 4<,,HFb *,6FH&J`V"b D,L,D,>H>"b H@R8", B@ >,6 & B@:@04H,:\-
>@< 4 @HD4P"H,:\>@< >"BD"&:,>44 <@0>@ 2"*"&"H\ 8@>,R>@, B@:@0,>4, BD@(D"<<>@-
(@ @$,FB,R,>4b, *":,, <@0>@ &Z*,:4H\ 2"BD,V.>>J` @$:"FH\.

3001 LIMP1 B@*(DJBB" (LONGINT)

300n LIMP1n (INTEGER), n=1..8
;,FH@ 8@>,R>@(@ B@:@0,>4b BD@-
(D"<<>@(@ @$,FB,R,>4b B@ n->@6
@F4, & B@:@04H,:\>@< >"BD"&:,-
>44 *&40,>4b & FH">@R>@6 F4FH,-
<, 8@@D*4>"H. 

3021 LIMN1 B@*(DJBB" (LONGINT)

302n LIMN1n (INTEGER), n=1..8
;,FH@ 8@>,R>@(@ B@:@0,>4b BD@-
(D"<<>@(@ @$,FB,R,>4b B@ n->@6
@F4, & @HD4P"H,:\>@< >"BD"&:,-
>44 *&40,>4b & FH">@R>@6 F4FH,-
<, 8@@D*4>"H.

 L 1"<,R">4,: +F:4 2>"R,>4, B"D"<,HD" REFPOS1n D"&>@ 0, >"R":@ FH">@R>@6 F4FH,-
<Z 8@@D*4>"H F@&B"*",H F D,L,D,>H>@6 H@R8@6. E8@:\8@ D"2 42<,>b,< B@:@0,-
>4, D,L,D,>H>@6 H@R84, 4:4 42<,>b,< B"D"<,HD REFPOS1n, FH@:\8@ D"2
BD4*.HFb F>@&" <,D4H\ B@24P4` 8@>,R>ZN B@:@0,>46 BD@(D"<<>@(@ @$,FB,R,-
>4b. E<@HD4 ,V. B"D"<,HDZ LIMBIT1n.

3041 LIMP2 B@*(DJBB" (LONGINT)

304n LIMP2n (INTEGER), n=1..8
;,FH@ 2"BD,V.>>@6 @$:"FH4 B@ n->@6 @F4, & B@:@04H,:\>@< >"BD"&:,>44 *&4-
0,>4b & FH">@R>@6 F4FH,<, 8@@D*4>"H. % 8@<">*, G22 & ̂ H4 D,(4FHDZ 2"B4T,H-
Fb H@, RH@ $Z:@ 2"B4F">@ B@ "*D,FJ X, Y, Z.

3061 LIMN2 B@*(DJBB" (LONGINT)

306n LIMN2n (INTEGER), n=1..8
;,FH@ 2"BD,V.>>@6 @$:"FH4 B@ n->@6 @F4, & @HD4P"H,:\>@< >"BD"&:,>44 *&4-
0,>4b & FH">@R>@6 F4FH,<, 8@@D*4>"H. % 8@<">*, G22 & ̂ H4 D,(4FHDZ 2"B4T,H-
Fb H@, RH@ $Z:@ 2"B4F">@ B@ "*D,FJ I, J, K.
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 L 1"<,R">4,: 1"BD,V.>>"b B:@V"*\, &Z*,:.>>"b B"D"<,HD"<4 LIMP2n, LIMN2n,
<@0,H $ZH\ 2"BD,V.>>@6 42&>, 4 42&>JHD4, & 2"&4F4<@FH4 @H B"D"<,HD"
EXTER. +F:4 2>"R,>4, B"D"<,HD" REFPOS1n D"&>@ 0, >"R":@ FH">@R>@6 F4FH,-
<Z 8@@D*4>"H F@&B"*",H b D,L,D,>H>@6 H@R8@6. E8@:\8@ D"2 42<,>b,< B@:@0,-
>4, D,L,D,>H>@6 H@R84, 4:4 42<,>b,< B"D"<,HD REFPOS1n, FH@:\8@ D"2 BD4-
*.HFb F>@&" <,D4H\ B@24P4` 2"BD,V.>>@6 B:@V"*4. A"D"<,HD LIMP21 BD4<,H
& 8@<">*, G22 2>"R,>4, X, " B"D"<,HD LIMN21 F&@6 I ... 4 H.*. (F<@HD4 D4FJ>@8)
H@(*", ,F:4 X &Z*,:,>" 1-@6, Y &Z*,:,>" 2-@6, ...@F\` (B"D"<,HD AXIS). E<@HD4
,V. 42:@0,>>@, J B"D"<,HD@& LIMBIT2n 4 EXTER.

3121 LIMBIT1 B@*(DJBB" (BIT)

312n LIMBIT1n (BIT), n=1..6
C"2D,T,>4, >"$:`*,>4b 2" 8@>,R>Z< B@:@0,>4,< BD@(D"<<>@(@ @$,FB,R,>4b.
0: B@ *">>@6 @F4 >,H >"$:`*,>4b 2" 8@>,R>Z< B@:@0,>4,< BD@(D"<<>@(@ @-
$,FB,R,>4b,
1: B@ *">>@6 @F4 8@>,R>@, B@:@0,>4, BD@(D"<<>@(@ @$,FB,R,>4b b&:b,HFb "8-
H4&>Z<.

 L 1"<,R">4,: +F:4 D"2D,T,>@ >"$:`*,>4, 2" 8@>,R>Z< B@:@0,>4,< BD@(D"<<>@(@
@$,FB,R,>4b B"D"<,HD"<4 LIMBIT1n, 4 @F\ 4<,`V"b D"2D,T,>4, *:b >"$:`*,-
>4b, >"$,04H >" 8@>,R>@, B@:@0,>4,, JBD"&:,>4,< &Z&@*4HFb F@@$V,>4, @$
@T4$8, 134n 7?=+Q=?+ A?9?/+=3+t+, BD4 >"$,(" & B@:@04H,:\>@< >"-
BD"&:,>44, 4 &Z&@*4HFb F@@$V,>4, @$ @T4$8, 136n 7?=+Q=?+ A?9?/+-
=3+t–, - & @HD4P"H,:\>@<. 3>*,8F “t” & F@@$V,>44 @$ @T4$8, @H>@F4HFb 8 >"-
2&">4` @F4 (X, Y, ...).

3141 LIMBIT2 B@*(DJBB" (BIT)

314n LIMBIT2n (BIT), n=1..8
A@ *">>@6 @F4 F@@H&,HFH&J`V4, D"2D,V"`V4, $4HZ JFH">"&:4&"`HFb "*D,F"-
<4 @F,6 (X, Y, Z), 4<,`V4NFb & 8@<">*, G22.
0: B@ *">>@6 @F4 >, D"2D,T,>@ >"$:`*,>4, 2" 2"DB,V.>>@6 B:@V"*\`,
1: B@ *">>@6 @F4 D"2D,T,>@ >"$:`*,>4, 2" 2"DB,V.>>@6 B:@V"*\`.
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3161 STRKCONT B@*(DJBB" (BIT)

3161 EXTER (BIT)
% 8@<">*, G22 X Y Z I J
K E B"D"<,HD BD4<,H
2>"R,>4, "*D,F" E.
+F:4 E=0, H@(*" $J*,H
EXTER=0, ,F:4 E<0,
4:4 E>0, H@(*" $J*,H
EXTER=1 2>"R,>4,
BD4>bH\.
+F:4 ,(@ 2>"R,>4, =0:
H@(*" 2"BD,V,>" &>JHD,>>"b R"FH\ &Z*,:.>>"b B"D"<,HD@< LIMP2, LIMN2 BD@-
FHD">FH&",
,F:4 ,(@ 2>"R,>4, =1: H@(*" 2"BD,V,>" &>,T>bb R"FH\ &Z*,:.>>"b B"D"<,HD@<
LIMP2, LIMN2 BD@FHD">FH&".

3162 STRKEN (BIT)
7@*@< G22 B"D"<,HD 2"B4T,HFb & 1, " 8@*@< G23 - & 0.
+F:4 ,(@ 2>"R,>4, =0: >, D"2D,T,>@ >"$:`*,>4, 2" @(D">4R,>4,< D"$@R,(@
BD@FHD">FH&",
,F:4 ,(@ 2>"R,>4, =1: D"2D,T,>@ >"$:`*,>4, 2" @(D">4R,>4,< D"$@R,(@ BD@-
FHD">FH&".

 L 1"<,R">4,: +F:4 D"2D,T,>@ >"$:`*,>4, 2" 2"DB,V.>>@6 B:@V"*\` B"D"<,HD@<
STRKEN 4 @*>" 42 @F,6, 4<,`V4N D"2D,T,>4, B"D"<,HD"<4 LIMBIT2n, *@FH4-
(",H (D">4PJ 2"BD,V.>>@6 42&>, B:@V"*4 (EXTER=1), JBD"&:,>4,< &Z&@*4HFb
F@@$V,>4, @$ @T4$8, 130n 1!AC+U-==!a 1?=! t+, ,F:4 >"$,(
F@&,DT4:@F\ & B@:@04H,:\>@< >"BD"&:,>44, 4 &Z&@*4HFb F@@$V,>4, @$ @T4$-
8, 132n 1!AC+U-==!a 1?=! t), - ,F:4 & @HD4P"H,:\>@<. 3>*,8F “t” &
F@@$V,>4, @$ @T4$8, @H>@F4HFb 8 >"2&">4` @F4 (X, Y, ...). +F:4 *@FH4(",H (D"-
>4PJ 2"BD,V.>>@6 42&>JHD4 B:@V"*4 (EXTER=0), JBD"&:,>4,< &Z&@*4HFb
F@@$V,>4, @$ @T4$8, 1400 1!AC+U-==!a 31%=IGC3 1?=!. 

3163 CHBFMOVE (BIT)
+F:4 ,(@ 2>"R,>4, =0:
JBD"&:,>4,< >, &ZB@:-
>b,HFb BD@&,D8" 8@>,R-
>,(@ B@:@0,>4b, 4 @-
(D">4R,>4b D"$@R,(@
BD@FHD">FH&" B,D,*
BJF8@< BD,*:@0,>4b,
,F:4 ,(@ 2>"R,>4, =1:
H@ &ZB@:>b,HFb BD@-
&,D8" *:b 8@>,R>,(@ B@:@0,>4b, *"0, >, 2"BJF8",HFb *&40,>4,, " &Z&@*4HFb
F@@$V,>4, @$ @T4$8, 3056 7?=+Q=?+ A?9?/+=3+, ,F:4 8@>,R>"b H@R8"
&ZN@*4H 2" 8@>,R>,(@ B@:@0,>4b BD@(D"<<>@(@ @$,FB,R,>4b,*":,, &Z&@*4HFb
F@@$V,>4, @$ @T4$8, 3057 1!AC+U-==!a 1?=!, ,F:4 8@>,R>"b H@R8"
B@B"*",H & 2"BD,V.>>J` B:@V"*\.
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8.8 'DJBB" B"D"<,HD@& SERVO

AD4&@*4< >40, FN,<J *,6FH&4b D,(J:4DJ`V,6 P,BZ B@24P44 JBD"&:,>4b, J8"2Z&"b,
RH@ & D"2:4R>ZN H@R8"N 8"84<4 B@ >"2&">4` B"D"<,HD"<4 <@0>@ &<,T"H\Fb. ="
D4FJ>8, @$@2>"R,>" &,:4R4>" B,D,<,V,>4b )si, B@FHJB"`V"b 2" ,*4>4PJ &D,<,>4 @H
4>H,DB@:bH@D", " H"80, @H *"HR48" 42<,D4H,:b N@*" )se. =" FN,<, *,6FH&4b J8"2">Z
H, H@R84 (COMMAND, TACHO, FOLL. ERR), 2>"R,>4, 8@H@DZN &ZF&,R,>@ >"
42@$D"0,>44 ̂ 8D">" G+EG 31;+C3G+9[=?5 E3EG+;Y. I8"2">Z 4 H, H@R84, B@
8@H@DZ< &ZB@:>b,HFb JBD"&:,>4,< ">":42 BD,*,:\>@(@ 2>"R,>4b, *":,, J8"2">Z
>"2&">4, H,N B"D"<,HD@&, 8@H@DZ<4 <@0>@ &:4bH\ >" ">":42 BD,*,:\>@(@ 2>"R,>4b
(INPOS, SERRL, FDBCK). ?$D"2J`V46Fb @F>@&>@6 F4(>": D,(J:4DJ`V,6 P,BZ F8@-
D@FH4 <@0,H $ZH\ &Z&,*,> & ">":@(@&@6 L@D<,, B@F:, BD,@$D"2@&">4b D)A, " H"80,
*4(4H":\>@ R,D,2 B@F:,*@&"H,:\>J` T4>J. 
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4021 GAIN B@*(DJBB" (DWORD)
402n GAINn (DWORD), n=1..8

1>"R,>4, 8":4$D@&84 ">":@(@&ZN &Z&@*@&. 3<4
@BD,*,:b,HFb, RH@ BD4 8"8@< @HFH"&">44, 42<,D,>-
>@< & 4>8D,<,>H, &Z&@*", &ZN@*4:@ 10% >" ">":@-
(@&Z6 &Z&@*. ]H@ 2>"R,>4, @$D"H>@ BD@B@DP4@-
>":\>@ 8 JF4:,>4` P,BZ D,(J:4DJ`V,6 P,BZ
B@24P44.
(1>"R,>4b 8":4$D@&84 D,(J:4DJ`V,6 P,BZ B@24-
P44 TB4>*,:b >"N@*bHFb & (DJBB, B"D"<,HD@&
SPINDLE.)
C,8@<,>*@&">>@, 2>"R,>4, JFH">@&84:

GAINn = (1 ... 2)*RAPIDn
(*, RAPIDn - ̂ H@ 2>"R,>4, $ZFHD@(@ N@*" n-@6 @F4.
AD4 4FB@:\2@&">44 *4(4H":\>@(@ &Z&@*" @>@ B@-
8"0,H, RH@ BD4 8"8@< @HFH"&">44 *@:0>@ &Z*"
&"H\Fb JBD"&:,>4,< 2>"R,>4, 215.

4041 TACHV B@*(DJBB" (WORD)

404n TACHVn (WORD), n=1..8
4049 TACHVS1 (WORD)
4050 TACHVS2 (WORD)

1>"R,>4, 8":4$D@&84 H"-
N@F4(>":", D"FR4H">>@(@
JBD"&:,>4,< *:b @F4  1..8
4 *:b TB4>*,:b 1.,2. +(@
8":4$D@&8" >,@$N@*4<"
*:b JFH">@&84 >"$:`*,-
>4b 2" @T4$8@6 @$D"H>@6
F&b24 4 *:b JFH">@&84 @-
B,D,0"`V,6 F&b24 F8@-
D@FH4. ):b @$D"H>@6
F&b24 D,(J:4DJ`V,6 P,BZ R4F,: @$@D@H@& (H"N@) >, 4FB@:\2J,HFb. 
+(@ JFH">@&8" BD@4F&@*4HFb >" @F>@&">44 42@$D"0,>4b ̂ 8D">" G+EG 31;+-
C3G+9[=?5 E3EG+;Y. IFH">"&:4&",<J` @F\ F:,*J,H B,D,<,V"H\ F B@FH@-
b>>@6 F8@D@FH\`. % F@FH@b>44 FH"$4242"P44 2>"R,>4, FH@:$" COMMAND
H"$:4PZ TEST MES *@:0>@ F@&B"*"H\ F@ 2>"R,>4,< FH@:$" TACHO. C"&>@FH\
*&JN 2>"R,>46 JFH">"&:4&",HFb >" @F>@&">44 B"D"<,HD@& TACHV:

(*,: COMMANDn - 2>"R,>4, n->@6 FHD@84 H"$:4PZ 42@$D"0,>4b ^8D">"
G+EG 31;+C3G+9[=?5 E3EG+;Y 4 FH@:$Z COMMAND,
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TACHOn - 2>"R,>4, n->@6 FHD@84 H"$:4PZ 42@$D"0,>4b ^8D">" G+EG
31;+C3G+9[=?5 E3EG+;Y 4 FH@:$Z TACHO,

 L 1"<,R">4,: E<@HD4 ,V. B"D"<,HDZ FDBCKn, REPFBn,!

4061 SERRL B@*(DJBB" (DWORD)

406n SERRLn (DWORD), n=1..8
4069 SERRLS1 (DWORD)
4070 SERRLS2 (DWORD)

1>"R,>4, BD,*,:" @T4$84
F,D&@ *:b @F,6 1..8 4 *:b
TB4>*,:b 1., 2. +(@ D"2<,D-
>@FH\: 4>8D,<,>H &Z&@*". I-
FH">@&:,>>Z6 BD,*,: @T4$-
84 F,D&@ *@:0,> $ZH\ <,>\-
T, 2>"R,>4b 8":4$D@&84, 2"-
B4F">>@(@ & B"D"<,HD GAIN:

SERRL < GAIN
4 $@:\T, @HFH"&">4b, @H>@-
FbV,(@ 8 $ZFHD@<J N@*J:

@HFH"&">4,RAPID <
SERRL

AD,*,: @T4$84 F,D&@ <,>b-
,HFb & 2"&4F4<@FH4 @H
F8@D@FH4. 1>"R,>4, @T4$84 F,D&@, @H>@FbV,(@ 8 F8@D@FH4 0 (SERRL2) 4 @H>@Fb-
V,(@ 8 $ZFHD@<J N@*J (SERRL), F@,*4>b`HFb JBD"&:,>4,< BDb<@6, F@(:"F>@
BD4&,*,>>@6 >40, 2"&4F4<@FH4:

servo error it SERRL SERRL
RAPID

v SERRL_ _ lim =
−

+
2 2

Servo_error_limit: BD,*,:" @T4$84 F,D&@
(*, v - "8HJ":\>"b F8@D@FH\, &Z*">>"b 4>H,DB@:bH@D@<. ?B,D"H@D>@6 BD@(D"<-
<@6 F,D&@ & 8"0*J` 5, (4:4 2) <F,8 BD@&,Db,HFb, RH@ @HFH"&">4,<, @H>@FbV4<
8 F8@D@FH4 v, &Z*">>@6 4>H,DB@:bH@D@<, *@FH4(>JH@ :4 D"FR4H">>@, BD4&,*,>-
>@6 &ZT, 2"&4F4<@FH\` 2>"R,>4,. +F:4 *", @>" @FH">"&:4&",H 4>H,DB@:bH@D,
4 B@F:, 2"&,DT,>4b  5 (2) <F,8-(@ P48:", 8@:4R,FH&@ 8@H@D@(@ 2"*">@
B"D"<,HD@< REPSLn, &Z&@*4HFb F@@$V,>4, @$ @T4$8, SERVOn, ,F:4 >,
FD"$"HZ&",H @$D"H>@, D,(J:4D@&">4,, H@ ,FH\ ,F:4 @HFH"&">4, >, J<,>\T",HFb
B@* BD,*,:. +F:4 @$D"H>@, D,(J:4D@&">4, @F4 FD"$"HZ&",H *@ 2"&,DT,>4b
P48:", F@@$V,>4, @$ @T4$8, >, &Z&@*4HFb.

 L 1"<,R">4,: E<. ,V. B"D"<,HDZ REPSLn 4 SERRL2!



8.8 'DJBB" B"D"<,HD@& SERVO

214

4101 FDBCK B@*(DJBB" (WORD)

410n FDBCKn (WORD), n=1..8
4109 FDBCKS1 (WORD)
4110 FDBCKS2 (WORD)

;"8F4<J< D"2>4PZ, *@-
BJFH4<@6 <,0*J F4(>"-
:@< 8@<">*Z F8@D@FH4
(COMMAND), &Z*">>@6
JBD"&:,>4,< *:b BD4&@*"
4 "8HJ":\>@6 F8@D@FH`
(TACHO), 42<,D,>>@6 B@
*"HR48J *:b @F,6 1..8 4
*:b TB4>*,:b 1., 2. E4(-
>": 8@<">*Z F8@D@FH4,
&Z*">>@6 JBD"&:,>4,<
*:b BD4&@*", &4*,> & FH@:$, COMMAND 42@$D"0,>4b ̂ 8D">" G+EG 31;+C3-
G+9[=?5 E3EG+;Y, " F8@D@FH\, 42<,D,>>J` B@ *"HR48J - & FH@:$, TACHO.
?B,D"H4&>@6 BD@(D"<<@6 F,D&@ B@ T=5<F,8 ">":424DJ,HFb, RH@ D"2>4P" <,0*J
F4(>":@< 8@<">*Z F8@D@FH4 4 F8@D@FH\` @F4 >, BD,&ZT",H :4 BD@*@:04H,:\-
>@ BD,*,:, 2"*">>Z6 B"D"<,HD@<:

FDBCK < *COMMAND – TACHO*
+F:4 D"2>4P" $@:\T, 2>"R,>4b ^H@(@ B"D"<,HD", H@(*" @B,D"H4&>@6 BD@(D"<-
<@6 F,D&@ ">":424DJ,HFb, RH@ ^H@ @T4$8" FJV,FH&J,H :4 BD@*@:04H,:\>@, H@
,FH\ *,6FH&4H,:\>@ :4 >,D"&,>FH&@ 4 R,D,2 &D,<b T*REPFBn?
+F:4 *", H@(*";
 – ">":@(@&Z, &Z&@*Z F$D"FZ&"`HFb >" >@:\,
 – &Z8:`R",HFb B4H"`V,, >"BDb0,>4, EG!=?7 %79,
 – &Z&@*4HFb @H*,:\>@ B@ @Fb< F@@$V,>4, @$ @T4$8, 40...48 ?#C!G=!a

E%a1[n.
):b BD"&4:\>@6 D"$@HZ >"$:`*,>4b HD,$J,HFb JFH">@&8", 42:@0,>>"b J B"D"-
<,HD" TACHV. ]H@ >"$:`*,>4, 2" @T4$8@6 B@2&@:b,H $ZFHD,, &<,T"H\Fb, R,<
>"$:`*,>4, 2" @T4$8@6 F,D&@ 4 @R,>\ ^LL,8H4&>@ >"BD4<,D BD4 B@:@<8,
<JLHZ *"HR48".
C,8@<,>*@&">>Z, 2>"R,>4b JFH">@&84: 300...500.

 L 1"<,R">4,: E<@HD4 ,V. B"D"<,HDZ REPFBn, 4 TACHVn!

4121 DRIFT B@*(DJBB" (INTEGER)

412n DRIFTn (INTEGER), n=1..8
4129 DRIFTS1 (INTEGER)
4130 DRIFTS2 (INTEGER)

;,D" @LF,H>@6 8@<B,>F"P44 *:b @F,6 1..8 4 *:b TB4>*,:b 1., 2.
+F:4 & D,(J:4DJ`V,6 P,BZ, 4:4 & @F>@&>@< F4(>":, &Z&@*" 4<,,HFb @LF,H>"b
@T4$8", H@(*" F@*,D04<@, D,(4FHD" @HFH"&">4b BD4 FH@bR,< F@FH@b>44 @F4
$J*,H >, >@:\, 8"8 ^H@ $Z:@ $Z 0,:"H,:\>@, " H"80, BD4 >J:,&@< @F>@&>@<
F4(>":, &Z&@*" >, FH@4H TB4>*,:\, " B@:\2",H. ]H" @LF,H>"b @T4$8" BD,8D"-
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V",HFb ^H4< B"D"<,HD@<. A@ @Fb< F D,(J:4D@&">>@6 B@24P4,6 @LF,H>J`
8@<B,>F"P4` <@0>@ F*,:"H\ "&H@<"H4R,F8@6, B@:\2JbF\ B"D"<,HD@< ZEROINT.

4141 SMUL B@*(DJBB" (INTEGER)

414n SMULn (INTEGER), n=1..8
4149 SMULS1 (INTEGER)
4150 SMULS2 (INTEGER)

3<BJ:\F>@, J<>@0,>4, *"HR48" @F,6 1..8 4 TB4>*,:b 1., 2. 1"*"R,6 B"D"<,HD@&
<>@04H,:b (4 *,:4H,:b SDIVn) b&:b,HFb BD4B"F@&"H\ R4F:@ 4<BJ:\F@&, B@FHJ-
B"`V4N @H *"HR48", RH@$Z D"FFH@b>4, <,0*J *&J<b 4<BJ:\F"<4 B@ *">>@6 @F4
F@FH"&4:@ 1 4>8D,<,>H &Z&@*". 
+(@ @BD,*,:,>4,, ,F:4 B@&@D@H>Z6 *"HR48 @$@DJ*@&"> >" &":J *&4("H,:b:

AD4<,D: T"( &4>H":2<< = 2000[:<]
R4F:@ 4<BJ:\F@& *"HR48": 2500
R4F:@ 2J$\,& T,FH,D>4 &4>H": 40
R4F:@ 2J$\,& T,FH,D>4 >" *&4("H,:,: 18

L 1"<,R">4,: E<@HD4 ,V. B"D"<,HDZ SDIVn.

4161 SDIV B@*(DJBB" (INTEGER)

416n SDIVn (INTEGER), n=1..8
4169 SDIVS1 (INTEGER)
4170 SDIVS2 (INTEGER)

),:,>4` 4<BJ:\F@& *"HR48" @F,6 1..8 4 TB4>*,:b 1., 2 >,:\2b BD4>4<"H\ 2>"-
R,>4, 0!!

 L 1"<,R">4,: E<@HD4 ,V. B"D"<,HDZ SMULn.



8.8 'DJBB" B"D"<,HD@& SERVO

216

4181 REPSL B@*(DJBB" (BYTE)

418n REPSLn (BYTE), n=1..8
4189 REPSLS1 (BYTE)
4190 REPSLS2 (BYTE)

Q4F:@ P48:@& 2"*,D084 *:b >"$:`*,>4b 2" @T4$8@6 F,D&@ @F4 1..8. 4 TB4>*,-
:b 1., 2.
?B,D"H@D>@6 BD@(D"<<@6 F,D&@ & 8"0*J` 5 (2) <F,8 BD@&,Db,HFb, RH@ @HFH"&"-
>4,< *@FH4(>JH@ :4 BD,*,: @T4$84 F,D&@ . +F:4 *", @>" @FH">"&:4&",H 4>H,DB@-
:bH@D, 4  4 B@F:, 2"&,DT,>4b 5 (2) <F,8-(@ P48:", 8@:4R,FH&@ 8@H@D@(@ 2"*">@
B"D"<,HD@< REPSL, &Z&@*4HFb F@@$V,>4, @$ @T4$8, SERVO, ,F:4 >,
FD"$"HZ&",H @$D"H>@, D,(J:4D@&">4,. +F:4 @$D"H>@, D,(J:4D@&">4, @F4 FD"$"-
HZ&",H *@ 2"&,DT,>4b P48:", F@@$V,>4, @$ @T4$8, >, &Z&@*4HFb.
A@F8@:\8J @H @FH">@&84 4>H,DB@:bH@D" *@ @FH">@&84 @F,6 BD@N@*4H 2>"R4H,:\-
>@, &D,<b, >,@$N@*4<@ 42<,D4H\ &D,<b J<,>\T,>4b @HFH"&">4b (B@Db*8" 100
<F,8 ) 4 F:,*J,H ,(@ B"D"<,HD@< JFH">@&4H\.
C,8@<,>*@&">>@, 2>"R,>4,: 40 (100) (*5, 4:4 2 <F,8).

 L 1"<,R">4,: E<. ,V. B"D"<,HDZ SERRLn!

4221 REPFB B@*(DJBB" (BYTE)

422n REPFBn (BYTE), n=1..8
4229 REPFBS1 (BYTE)
4230 REPFBS2 (BYTE)

Q4F:@ 2"<,*:b`V4N P48:@& *:b JFH">@&84 >"$:`*,>4b 2" @$D"H>@6 F&b2\`.
E4(>": 8@<">*Z F8@D@FH4, &Z*">>@6 JBD"&:,>4,< *:b BD4&@*", &4*,> & FH@:$,
COMMAND 42@$D"0,>4b ̂ 8D">" G+EG 31;+C3G+9[=?5 E3EG+;Y, " F8@-
D@FH\, 42<,D,>>J` B@ *"HR48J - & FH@:$, TACHO. ?B,D"H4&>@6 BD@(D"<<@6
F,D&@ B@ T=5<F,8 ">":424DJ,HFb, RH@ D"2>4P" <,0*J F8@D@FH\` 4>H,DB@:bH@D"
4 F8@D@FH\` @F4 >, BD,&ZT",H :4 BD,*,:, 2"*">>Z6 B"D"<,HD@<:

FDBCK < *COMMAND – TACHO*
+F:4 D"2>4P" $@:\T, 2>"R,>4b ̂ H@(@ B"D"<,HD", H@(*" @B,D"H4&>"b BD@(D"<<"
F,D&@ 2"(DJ24H @*4> D,(4FHD 2>"R,>4,< B"D"<,HD" REPFBn, 2"H,< B@ 8"0*@<J
2"<Z8">4` P,BZ *">>@6 @F4 J$"&4H D,(4FHD. +F:4 @T4$8" BD,8D"H4HFb,
J$"&:,>4, >"R4>",HFb F>"R":". A@F8@:\8J @T4$8" *@:(@ FJV,FH&J,H, 4 D,(4FHD
BD,&D"H4HFb & >@:\, &@2>48",H @T4$8" 40...48 ?#C!G=!a E%a1[n.
C,8@<,>*@&">>@, 2>"R,>4,: 5...25 (15... 75) (*5, 4:4 2<F,8)

 L 1"<,R">4,: E<@HD4 ,V. B"D"<,HDZ FDBCKn, 4 TACHVn!
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4241 THRESH B@*(DJBB" (WORD)

424n THRESHn (WORD), n=1..8
4249 THRESHS1 (WORD)
4250 THRESHS2 (WORD)

AD,*,:\>@, 2>"R,>4, @$:"FH4 >,:4>,6-
>@FH4 ">":@(@&ZN &Z&@*@&.
+F:4 @HFH"&">4, >@:\, H@(*" ">":@(@-
&Z6 F4(>": &Z&@*" 0%.
+F:4 @HFH"&">4, & "$F@:`H>@< 2>"R,-
>44 $@:\T, 2>"R,>4b THRESHn, H@ ">"-
:@(@&Z6 F4(>": &Z&@*" D"FR4HZ&",HFb
F@(:"F>@ :4>,6>@6 N"D"8H,D4FH48,.
+F:4 @HFH"&">4, & "$F@:`H>@< 2>"R,-
>44 <,>\T, 2>"R,>4b THRESHn, H@ "-
>":@(@&Z6 F4(>": &Z&@*" F@&B"*",H
2>"R,>4,<, @H>@FbV4<Fb 8 @HFH"&">4`
THRESHn.

4261 INPOS B@*(DJBB" (WORD)

426n INPOSn (WORD), n=1..8
4269 INPOSS1 (WORD)
4270 INPOSS2 (WORD)

?$:"FH\ *@BJF8" F@*,D0">4b D,(4FHD@& @HFH"&">4b & FH@bR,< F@FH@b>44. % 8@>-
P, 4>*,8F"P46 BD@">":424DJ,HFb F4FH,<@6, RH@ F@*,D0">4, D,(4FHD" @HFH"&"-
>4b *">>@6 @F4 <,>\T, :4 2>"R,>4b INPOSn. +F:4 @>@ <,>\T,, H@ >, BD4>4<"-
`HFb <,DZ. +F:4 @>@ $@:\T, 4:4 D"&>@, 4 ̂ H@ F@FH@b>4, FJV,FH&J,H 4 B@F:, 2.5
F,8J>*, H@(*" F4FH,<@6 &Z&@*4HFb F4(>": @$ @T4$8, 1020 ?S3#7!
A?13O33 *:b BD,*JBD,0*,>4b. EH">@8 ^H4< *".H 2>"H\, RH@ *D"6L F,D&@
F:ZT8@< &,:48 4 ^H@ JNJ*T",H H@R>@FH\ FH">8".
?>@ *@:0>@ $ZH\ @BD,*,:,>@ & 2"&4F4<@FH4 @H H,D<@FH"$4:\>@FH4 F,D&@F4FH,-
<Z.

 L 1"<,R">4,: E<@HD4 ,V. B"D"<,HD 1241 POSCHECK.
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4281 AXIS B@*(DJBB" (BYTE)

4281 X (BYTE)
4282 Y (BYTE)
4283 Z (BYTE)
4284 U (BYTE)
4285 V (BYTE)
4286 W (BYTE)
4287 A (BYTE)
4288 B (BYTE)
4289 C (BYTE)

A@ J8"2">>Z< &ZT, B"D"<,HD"< <@0>@ &Z*,:4H\ 8 :@(4R,F84< @Fb< (X, Y, ...)
=@<,D F@@H&,HFH&J`V,6 L424R,F8@6 @F4 (1, 2, ...). AD4 0,:">44, >"BD4<,D,
RH@$Z @F\ Z >" 1-@6 8"DH, XMU BD4>b:" 3-6 &&@* *"HR48" 4 &Z*"&":" @F>@&>@6
F4(>": >" 3-,< ">":@(@&@< &Z&@*,, & B"D"<,HD 4283 Z 2"B4F"H\ 3. +FH,FH&,>>@,
& ^H@< F:JR", B"D"<,HDZ, @H>@FbV4,Fb 8 @F4 Z, $,DJHFb H@0, F 4>*,8F@< 3
(GAIN3, TACHV3, 4 H.*.). 
=J<,D"P4b B"D"<,HD@& F:,*J`V"b. =" 1-@6 8"DH, XMU &&@* 4 &Z&@* 1, ..., 4 F@-
@H&,HFH&J,H B"D"<,HD"< F 4>*,8F@< 1, ..., 4, >" 2-@6 8"DH, XMU &&@* 4 &Z&@* 1,
..., 4 F@@H&,HFH&J,H B"D"<,HD"< F 4>*,8F@< 5, ..., 8. ="BD4<,D: @F\ D"$@H"`V"b
42 &&@*" 1-(@ *"HR48" 4 42 &Z&@*" 1-(@ ">":@(@&@(@ &Z&@*", @H>@FbHFb
B"D"<,HDZ H@0, F 4>*,8F@< 1.

4301 CDIR B@*(DJBB" (BIT)

430n CDIRn (BIT), n=1..8
4309 CDIRS1 (BIT)
4310 CDIRS2 (BIT)

1>"8 B,D,<,V,>46, &Z2&">>ZN 42 NC (N@* 4>H,DB@:bH@D"). IFH">"&:4&",HFb
B@ @Fb< H"8, RH@$Z 8 B@:@04H,:\>Z< 2"BD@(D"<<4D@&">>Z< B,D,<,V,>4b<
@H>,F:4F\ B@:@04H,:\>Z, B,D,<,V,>4b FJBB@DH".
0: >,H F<,>Z >"BD"&:,>4b,
1: B,D,&,D>.H >"BD"&:,>4, &Z*"R4 N@*" 4>H,DB@:bH@D".

L%>4<">4,! 1>"R,>4, B"D"<,HD" D"2D,T",HFb 42<,>4H\ :4T\ BD4 &Z8:`R,>>@< F@-
FH@b>44 FH">8" (BD4 >"0"H@6 8:"&4T4 "&"D46>@(@ FH@B"), " H@ FJBB@DH @HF8@-
R4H!
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4321 EDIR B@*(DJBB" (BIT)

432n EDIRn (BIT), n=1..8
4329 EDIRS1 (BIT)
4330 EDIRS2 (BIT)

3< 2"*".HFb >"BD"&:,>4, @$D"H>@6 F&b24 *"HR48" B@ @Fb<. A@F8@:\8J & D,(J:4-
DJ`V,6 P,BZ B@24P44 4<,,HFb B@:@04H,:\>"b @$D"H>"b F&b2\, 42<,>,>4,<

^H@(@ $4H" ^H@ BD,8D"V",HFb (8"8 $J*H@ >" *"HR48, &ZB@:>4:4 F<,>J 

4:4 ).

0: >,H F<,>Z >"BD"&:,>4b,
1: F<,>" >"BD"&:,>4b.

4401 ENCD B@*(DJBB" (BIT)

440n ENCDn (BIT), n=1..8
4409 ENCDS1 (BIT)
4410 ENCDS2 (BIT)

1"BD,H >"$:`*,>4b 2" @T4$8@6 *"HR48". ="$:`*,>4,< 2" @T4$8@6 *"HR48"

BD@&,Db,HFb BD4 2"<Z8">44 8"0*@6 P,BZ B@24P44, RH@ F4(>":Z ,

4:4  8">":" A 4 B *"HR48" *">>@6 @F4 4<,`H :4 BD@H4&@B@:>Z6 H"8H.

+F:4 >,H, JBD"&:,>4,< &Z&@*4HFb F4(>": @$ @T4$8, )!GQ37n 20, ..., 28.
0: &8:`R.> >"$:`*,>4, 2" @T4$8@6 *"HR48",
1: &Z8:`R.> >"$:`*,>4, 2" @T4$8@6 *"HR48".
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4441 AXIST B@*(DJBB" (BIT)

444n AXISTn (BIT), n=1..8
4449 AXISTS1 (BIT)
4450 AXISTS2 (BIT)

C"2D,T,>4, D"$@HZ @B,D"H4&>@6 BD@(D"<<@6 F,D&@. AD4 @HFJHFH&44 D"2D,T,-
>4b *">>"b @F\ $J*,H BD,*@FH"&:,>" F"<@6 F,$,, JBD"&:,>4,< >48"8@6 >"*2@D
>, &ZB@:>b,HFb. E8@:\8@ @F,6 4<,,HFb >" FB4F8, D"2D,T,>4b, B@ FH@:\8@ 0,
@Fb< &ZB@:>b,HFb 2"<Z8">4, P,BZ @B,D"H4&>@6 BD@(D"<<@6 F,D&@ B@
T=5<F,8. 
A"D"<,HD AXIST1, ..., AXIST4 @H>@F4HFb 8 1-@6 8"DH, XMU 8 &&@*"< 4 &Z&@*"<
1, ..., 4, B"D"<,HD AXIST5, ..., AXIST8 @H>@F4HFb 8 2-@6 8"DH, XMU 8 &&@*"< 4
&Z&@*"< 1, ..., 4. 
G@,RH@ AXISTS1, AXISTS2 (TB4>*,:\) @H>@F4HFb 8 8"8@<J &&@*J 4 &Z&@*J 8"D-
HZ XMU, D,T",HFb B"D"<,HD"<4 5025 IOSELS1, 5026 IOSELS2.
?B,D"H4&>"b BD@(D"<<" F,D&@ *@:0>" 4<,H\ D"2D,T,>4, *:b @F,6 NC, &Z*,-
:.>>Z, B"D"<,HD"<4 AXIS, *":,, 4 *:b @F,6 PLC, &Z*,:.>>Z, >" 4>*48"H@D"N
Y63n 42 BD@(D"<<Z PLC.
A"D"<,HDZ AXISTS1, AXISTS2 HD,$J`H D"2D,T,>4b H@:\8@ H@(*", ,F:4 TB4>-
*,:\ 1., 2. @$@DJ*@&"> *"HR48. E<@HD4 ,V. B"D"<,HDZ ORIENT.
0: 2"BD,H,
1: D"2D,T,>4,.

4461 NOLOOP B@*(DJBB" (BIT)

446n NOLOOPn (BIT), n=1..8
4469 NOLOOPS1 (BIT)
4470 NOLOOPS2 (BIT)

%Z8:`R,>4, 2"<Z8">4b P,BZ B@24P44 & @B,D"H4&>@6 BD@(D"<<,6 F,D&@. +F:4
@$@DJ:@&"H\ >" @F\ DJR>@(@ BD4&@*" 42<,D4H,:\ N@*", B@24P4` @F4 <@0>@
&ZF&,R4&"H\ JBD"&:,>4,< $,2 2"<Z8">4b D,(J:4DJ`V,6 P,BZ B@24P44 @B,D"-
H4&>@6 BD@(D"<<,6 F,D&@. 
A"D"<,HDZ NOLOOPS1, NOLOOPS2 >"*@ 2"B4F"H\ & 0, +F:4 <@0>@ 2"<8>JH\ D,-
(J:4DJ`V"b P,B\ B@24P44 >" TB4>*,:,, H@ ,FH\ ,F:4 TB4>*,:\ 4>*,8F4DJ,-
<Z6 (F<@HD4 ,V. B"D"<,HDZ 5282 INDEX1, 5302 INDEX2)
0: &8:`R,>@ D,(J:4D@&">4, B@24P44,
1: &Z8:`R,>@ D,(J:4D@&">4, B@24P44.
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4481 ZEROINT B@*(DJBB" (WORD)

448n ZEROINTn (WORD), n=1..8
4489 ZEROINTS1 (WORD)
4490 ZEROINTS2 (WORD)

E:,0,>4, 2" >J:,<. ]H@H B"D"<,HD F:J04H *:b "&H@<"H4R,F8@6 8@<B,>F"P44
*D"6L" & FH@bR,< B@:@0,>44 :`$@6 @F4. +F:4 & FH@bR,< B@:@0,>44 @T4$8"
@HFH"&">4b >, D"&>@ >J:` (>" 42@$D"0,>44 ̂ 8D">" G+EG 31;+C3G+9[=?5
E3EG+;Y 2>"R,>4, FH@:$" FOLL.ER), H@(*" JBD"&:,>4,< @$D"2@&Z&",HFb H.>.
F@FH"&:b`V"b &Hb0>@(@ F4(>":" BD4&@*", &Z*"R,6 8@H@D@6 8@<B,>F4DJ,HFb
*,6FH&4, *D"6L", 4 H"8 *:b JD"&>@&,T4&">4b *D"6L" >, HD,$J,HFb @T4$8"
@HFH"&">4b BD@H4&@B@:@0>@(@ >"BD"&:,>4b. %Hb0>@6 F4(>": BD4&@*" >,
42<,>b,HFb &@ &D,<b *&40,>4b. +F:4 *D"6L 42<,>b,HFb &@ &D,<b *&40,>4b,
H@(*" BD4 F:,*J`V,6 @FH">@&8, >, >J0>@ F>@&" @$D"2@&Z&"H\ &Hb0>@6 F4(>":
BD4&@*", " ,F:4 42<,>4HFb, &Hb0>@6 F4(>": BD4&@*" >J0>@ 42<,>4H\ H@:\8@
F@(:"F>@ 42<,>,>4`. 1>"R,>4,< B"D"<,HD" ZEROINT @BD,*,:b,HFb F8@D@FH\
&Hb084. 
AD4 2>"R,>44 0 >,H &Hb084. 
C,8@<,>*@&">>"b @$:"FH\ @BD,*,:,>4b: 20 - 50

4501 FEEDFORW B@*(DJBB" (BYTE)

450n FEEDFORWn (BYTE), n=1..8
4509 FEEDFORWS1 (BYTE)
4510 FEEDFORWS2 (BYTE)

?B,D,0,>4, F&b24 B,D,<,V,>46, &Z*">>ZN 4>H,DB@:bH@D@< & FH@D@>J 42<,D4-
H,:\>@6 F4FH,<Z. +F:4 ,(@ 2>"R,>4, =0, >,H @B,D,0,>4b F&b24, ,F:4 ,(@ 2>"R,-
>4, 128, @B,D,0,>4, F&b24 b&:b,HFb <"8F4<":\>@6 (100%).

4621 GANTRY B@*(DJBB" (BYTE)

462n GANTRYn (BYTE), n=1..8
9`$Z, *&, @F4 <@0>@ &Z*,:4H\ *:b F4>ND@>>@6 D"$@HZ. AD4 ^H@< FHD@(46
F@&<,FH>Z6 $,( &Z*,:.>>ZN *&JN L424R,F84N @F,6 @$,FB,R4&",HFb JBD"&:,>4-
,< BJH.< H,N>484 D,(J:4D@&">4b. ?*>" 42 @F,6 $J*,H <"FH,D@F\`, " &H@D"b -
B@*<"FH,D\,@F\`. % ̂ H@6 (DJBB, B"D"<,HD@& *@:0>@ $ZH\ 2"*">@ B"D"<,HD@<,
@H>@FbV4< B@ >@<,DJ 8 B@*<"FH,D\,-@F4, RH@ @F\ B@* 8"84< >@<,D@< b&:b,HFb
<"FH,D-@F\` *:b B@*<"FH,D\,-@F4. 1>R4H, ,F:4 1-b @F\ b&:b,HFb <"FH,D-@F\`,
" 4-b @F\ - B@*<"FH,D\,-@F\`, F:,*J,H 2"B4F"H\ F:,*J`V,,:

GANTRY4=1
AD4 0,:">44 FFZ:"H\ 42 BD@(D"<<Z *,H":,6 >" <"FH,D-@F\, H@(*" *:b >,. >"*@
&Z*,:4H\ >"2&">4, & (DJBB, B"D"<,HD@& AXIS, >"BD4<,D X=1. ):b B@*<"FH,D\,-
@F4 >, >"*@ *"&"H\ >"2&">4,. A@*<"FH,D\,-@F4 F:,*4H 2" 8"0*Z< *&40,>4,<
<"FH,D-@F4, N@H\ 42 BD@(D"<<Z FFZ:"H\Fb >" <"FH,D-@F\, N@H\ B,D,<,V",< F
:`$4< 42 DJR>ZN B,D,<,T,>46. A@F:, BD4.<" D,L,D,>H>@6 H@R84 <"FH,D-
@F\`, B@*<"FH,D\,-@F\ "&H@<"H4R,F84 >"R4>",H BD4.< D,L,D,>H>@6 H@R84.
E4>ND@>>@FH\ B@24P46 <,0*J <"FH,D-@F\` 4 B@*<"FH,D\,-@F\ JFH">"&:4&",HFb
B"D"<,HD"<4 REFPOS1n.
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4641 MULG B@*(DJBB" (WORD)

464n MULGn (WORD), n=1..8
;>@04H,:\ D"2>4PZ B@24P46. Q,< $@:\T, ,(@ 2>"R,>4,, H,< F4:\>,, F@&<,FH-
>Z6 $,( *&JN @F,6, &Z*,:.>>ZN F@&<,FH>Z<4 @Fb<4. E:ZT8@< $@:\T@, 2>"R,-
>4, <@0,H &Z2Z&"H\ 8@:,$">4, B@*<"FH,D\,-@F4.
Q4F:@ JFH">"&:4&",<ZN B"D"<,HD@& *@:0>@ F@&B"*"H\ R4F:@< B@*<"FH,D\,-@-
F,6.

4661 DIFG B@*(DJBB" (WORD)

466n DIFGn (WORD), n=1..8
;"8F4<":\>"b D"2>4P" B@24P46 <,0*J F@&<,FH>Z<4 @Fb<4. +F:4 D"2>4P" BD,-
&ZT",H ^H@ 2>"R,>4,, JBD"&:,>4,< &Z&@*4HFb F@@$V,>4, @$ @T4$8, E3=M-
C?=n 4 &Z8:`R",HFb FH">@8.
Q4F:@ JFH">"&:4&",<ZN B"D"<,HD@& *@:0>@ F@&B"*"H\ R4F:@< B@*<"FH,D\,-
@F,6.

4681 RAPID B@*(DJBB" (WORD)

468n RAPIDn (WORD), n=1..8
4689 RAPIDS1 (WORD)
4690 RAPIDS2 (WORD)

E8@D@FH\ $ZFHD@(@ N@*" *">>@6 @F4, F 8@H@D@6 &ZB@:>b,HFb 4>*,8F"P4b $ZFH-

D@(@ N@*" G0. +. D"2<,D>@FH\ *:b :4>,6>ZN @F,6  (& F:JR", INCHDET=0),

4:4  (& F:JR", INCHDET=1), " *:b &D"V"`V4NFb @F,6 .

E8@D@FH\ $ZFHD@(@ N@*" DJR>@(@ B,D,<,V,>4b @F,6 4 >"$,(" & D,L,D,>H>J`
H@R8J <@0,H @H:4R"H\Fb @H ^H@6 F8@D@FH\ $ZFHD@(@ N@*".
% F:,R", F@&<,FH>@(@ $,(" >,F8@:\84N @F,6 *&40,>4, F@&,DT",HFb &F,(*" B@
:4>,6>@6 HD",8H@D44, F H@8"6 F8@D@FH\`, RH@$Z <,D" F8@D@FH4 >48"8@6 @F4 >,
BD,&ZT":" 2>"R,>4, $ZFHD@(@ N@*", JFH">@&:,>>@(@ *:b H@6 @F4.
+F:4 TB4>*,:\ 4>*,8F4DJ,<Z6 (5282 INDEX1=1, 4:4 5302 INDEX2=1) F8@D@FH\
$ZFHD@(@ N@*" 4>*,8F"P44 TB4>*,:b (RAPIDS1, RAPIDS2) 4FH@:8J,HFb
F:,*J`V4< @$D"2@<:
+F:4 5284 INDEXC_1, 4:4 5304 INDEXC_2 D"&>@ 0, H@ ,FH\ 4>*,8F"P4b &ZB@:>b-
,HFb >" LJ>8P4` M:

+F:4 5284 INDEXC_1, 4:4 5304 INDEXC_2 D"&>@ 1, H@ ,FH\ 4>*,8F"P4b &ZB@:>b-
,HFb >" 2>"R,>4, J(:", 2"*">>@, B@ "*D,FJ C:
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(*, n: R4F:@ @$@D@H@& TB4>*,:b BD4 4>*,8F"P44 $ZFHD@(@ N@*" TB4>*,:b

& D"2<,D>@FH4 4

ENCODERS1: D"2D,T,>4, *"HR48" TB4>*,:b
+F:4 >"BD4<,D TB4>*,:\ @$@DJ*@&"> *"HR48@< F D"2D,T,>4,< 1024 4 0,:",<

JFH">@&4H\ R4F:@ @$@D@H@& $ZFHD@(@ N@*" 100 BD4 5284 INDEXC_1=1,

BJFH\ $J*,H RAPIDS1=(204.8.)205.
 L 1"<,R">4b:

– %Z$@D >J0>@ *,:"H\ F JR.H@< 4>FHDJ<,>H":\>@(@ FH">8" 4 F,D&@F4FH,<Z.
– E<@HD4 ,V. (DJBBJ JOGRAP, 4 REFRAP.

4701 ACC B@*(DJBB" (WORD)

470n ACCn (WORD), n=1..8
1>"R,>4, JF8@D,>4b, BD4<,>4<Z
*:b @H*,:\>ZN @F,6. % F:JR", :4-
>,6>ZN @F,6 2"*"`HFb & D"2<,D-
>@FH4 <</F,82 (& F:JR", INCH-
DET=0), 4:4 & D"2<,D>@FH4
*`6</F,82 (& F:JR", INCHDET=1).
% F:JR", &D"V"`V4NFb @F,6 4N
D"2<,D>@FH\: //F,82. IBD"&:,>4,<
F@&,DT",HFb JF8@D,>4,, 4:4 2"-
<,*:,>4, ̂ H4< 2>"R,>4,< & >"R"-
:, 4 & 8@>P, 8"0*@(@ $ZFHD@(@
N@*".

 L 1"<,R">4,: %Z$@D >J0>@ *,:"H\ F JR.H@< 4>FHDJ<,>H":\>@(@ FH">8" 4 F,D&@F4F-
H,<Z.
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4741 FEEDMAX B@*(DJBB" (WORD)

474n FEEDMAXn (WORD)
4749 FEEDMAXS1 (WORD)
4750 FEEDMAXS2 (WORD)

1>"R,>4, <"8F4<":\>@6 B@*"R4, *@BJFH4<@6 *:b *">>@6 @F4. % F:JR", :4>,6-

>ZN @F,6 2"*"`HFb & D"2<,D>@FH4  (& F:JR", INCHDET=0), 4:4 

(& F:JR", INCHDET=1), " & F:JR", &D"V"`V4NFb @F,6 & D"2<,D>@FH4 . %

F:JR", 2"BD@(D"<<4D@&">4b G1 2>"R,>4, 2"BD@(D"<<4D@&">>@6 D,2J:\H4DJ`-
V,6 B@*"R4 (F), ,F:4 >"*@, 42<,>b,HFb JBD"&:,>4,< H"8, RH@$Z >4 B@ @*>@6 @F4
>, BD,&ZT":" F@FH"&:b`V"b F8@D@FH4 *">>@6 @F4 2>"R,>4,, JFH">@&:,>>@, *:b
H@6 @F4. % F:JR", EIM?5 #+' BD,*:@0,>4b B@*"R4 &ZB@:>b`HFb F ^H@6 F8@-
D@FH\`, >,2"&4F4<@ @H 2"BD@(D"<<4D@&">>@6 B@*"R4.
+. 2>"R,>4, F:,*J,H &Z$D"H\ <,>\T, 2>"R,>4b $ZFHD@(@ N@*", H"8 8"8 *:b *&4-
0,>46 B@*"R4 >, BD4<,>b,HFb JBD"&:,>4,< & :`$@< F:JR", "&H@<"H4R,F8@, J-
F8@D,>4,/2"<,*:,>4, (G33).

+F:4 TB4>*,:\ 4>*,8F4DJ,<Z6 (5282 INDEX1=1, 4:4 5302 INDEX2=1) 4 4>*,8-
F"P4b &ZB@:>b,HFb B@ "*D,FJ C (5284 INDEXC_1, 4:4 5304 INDEXC_2 B"D"<,HD
1), <"8F4<":\>"b F8@D@FH\ B@*"R4 TB4>*,:b (FEEDMAXS1, FEEDMAXS2) 4F-
H@:\8J,HFb F:,*J`V4< @$D"2@<:

(*, n: R4F:@ @$@D@H@& TB4>*,:b BD4 <"8F4<":\>@6 B@*"R4 & D"2<,D>@FH4

4

ENCODERS1: D"2D,T,>4, *"HR<8" TB4>*,:b
+F:4 >"BD4<,D TB4>*,:\ @$@DJ*@&"> *"HR48@< F D"2D,T,>4,< 1024 4 0,:",<

JFH">@&4H\ R4F:@ @$@D@H@& 50 , BJFH\ $J*,H FEEDMAXS1=(102.4.)102.
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4761 COMMB B@*(DJBB" (BIT)

4761 INCH INP (BIT)
0: *">>Z, &&@*" & @F>@&>@< 4FH@:8@&">44 <,HD4R,F84,,
1: *">>Z, &&@*" & @F>@&>@< 4FH@:8@&">44 *`6<@&Z,.

4762 DIAM (BIT)
0: 4FH@:8@&">44 4 &ZF&,R4&">4, B@24P44 *">>ZN 8@@D*4>"H X & D"*4JF,,
1: 4FH@:8@&">44 4 &ZF&,R4&">4, B@24P44 *">>ZN 8@@D*4>"H X & *4"<,HD,.

4763 INCH DET (BIT)
0: @VJV,>4, D"2<,D" B@ BD@*@:\>Z< @Fb< <,HD4R,F8@,, H@ ,FH\ *">>Z, &Z&@*"
<,HD4R,F84,,
1: @VJV,>4, D"2<,D" B@ BD@*@:\>Z< @Fb< *`64@&@,, H@ ,FH\ *">>Z, &Z&@*"
*`6<@&Z,.

4764 INCRSYSTA (BIT)
1: B@ BD@*@:\>Z< @Fb< 1 4>8D,<,>H &&@*" & <,HD4R,F8@< F:JR",: 0.01<<, &

*`6<@&@< F:JR",: 0.001", " B@ &D"V"`V4<Fb @Fb<: 0.01°. 3>8D,<,>H
&Z&@*" & :`$@< F:JR", $J*,H B@:@&4>" J8"2">>@(@ &ZT, 2>"R,>4b.

4765 INCRSYSTB (BIT)
1: B@ BD@*@:\>Z< @Fb< 1 4>8D,<,>H &&@*" & <,HD4R,F8@< F:JR",: 0.001<<, &

*`6<@&@< F:JR",: 0.0001", " B@ &D"V"`V4<Fb @Fb<: 0.001°. 3>8D,<,>H
&Z&@*" & :`$@< F:JR", $J*,H B@:@&4>" J8"2">>@(@ &ZT, 2>"R,>4b.

4766 INCRSYSTC (BIT)
1: B@ BD@*@:\>Z< @Fb< 1 4>8D,<,>H &&@*" & <,HD4R,F8@< F:JR",: 0.0001<<, &

*`6<@&@< F:JR",: 0.00001", " B@ &D"V"`V4<Fb @Fb<: 0.0001°.3>8D,<,>H
&Z&@*" & :`$@< F:JR", $J*,H B@:@&4>" J8"2">>@(@ &ZT, 2>"R,>4b.

4781 JOGRAP B@*(DJBB" (WORD)

478n JOGRAPn (WORD), n=1..8
E8@D@FH\ $ZFHD@(@ N@*", *,6FH&4H,:\>"b *:b >,8@H@DZN @F,6 BD4 CIQ=?; B,-
D,<,V,>44. O,:,F@@$D"2>@ <,>\T,, 4:4 D"&>@ 2>"R,>4`, 2"B4F">>@<J & B"D"-
<,HD RAPID F@@H&,HFH&J`V,6 @F4. +. D"2<,D>@FH\ 4FH@:8J,HFb F@(:"F>@ 42:@-
0,>>ZN J B"D"<,HD@& RAPID.

4801 JOGFMAX B@*(DJBB" (WORD)

480n JOGFMAXn (WORD), n=1..8
;"8F4<":\>"b F8@D@FH\ B@*"R4, BD4,>4<"b BD4 CIQ=?; B,D,<,V,>44. O,:,-
F@@$D"2>@ <,>\T,, 4:4 D"&>@ 2>"R,>4`, 2"B4F">>@<J & B"D"<,HD FEEDMAX
F@@H&,HFH&J`V,6 @F4. +. D"2<,D>@FH\ 4FH@:8J,HFb F@(:"F>@ 42:@0,>>ZN J
B"D"-<,HD@& FEEDMAX.

4821 HANDWH_D B@*(DJBB" (BIT)

482n HANDWH_Dn (BIT), n=1...8
]H4< B"D"<,HD@< <@0>@ JFH">@&4H\ B@ @Fb< >"BD"&:,>4, *&40,>4b B,D,<,-
V,>46, 2"BJF8",<ZN F <"N@&4R8". +F:4 >, JFHD"4&",H >"BD"&:,>4, *&40,>4b
>" n->@6 @F4, F:,*J,H 42<,>4H\ B"D"<,HD HANDWHDn, @H>@FbVZ6 Fb 8 H@6 @F4
42 0 & 1, 4:4 >"@$@D@H.
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4841 REPDG B@*(DJBB" (BYTE)

484n REPDGn (BYTE), n=1..8
Q4F:@, 2"B4F">>@, & B"D"<,HD B@8"2Z&",H, RH@ & BD,*,:"N F8@:\84N P48:@& 42-
<,D4H,:\>@6 F4FH,<Z <@0,H FJV,FH&@&"H\ <"8F4<":\>"b D"2>4P" B@24P46
<,0*J F@&<,FH>Z<4 @Fb<4 (2>"R,>4, B"D"<,HD" DIFGn). +F:4 D"2>4P" BD@*@:-
04H,:\>@ FJV,FH&J,H, JBD"&:,>4,< &Z&@*4HFb F@@$V,>4, @$ @T4$8, 90 ... 97
?S3#7! E3=MC?=! n.
Q4F:@ JFH">"&:4&",<ZN B"D"<,HD@& *@:0>@ F@&B"*"H\ R4F:@< B@*<"FH,D\,-
@F,6.

4861 DIGITAL B@*(DJBB" (BIT)

486n DIGITALn (BIT), n=1...8
4869 DIGITALS1 (BIT)
4870 DIGITALS2 (BIT)

]H4< B"D"<,HD@< <@0>@ JFH">@&4H\ @H*,:\>@ B@ @Fb< 4 B@ TB4>*,:b<, RH@
0,:",< :4 &Z*"&"H\ @F>@&>@6 F4(>": D,(J:4DJ`V,6 P,BZ F8@D@FH4 & ">":@(@-
&@6 L@D<, (DIGITALn=0), 4:4 & *4(4H":\>@6 L@D<, R,D,2 B@F:,*@&"H,:\>J`
T4>J (DIGITALn=1).

4881 SERRL2 B@*(DJBB" (DWORD)

488n SERRL2n (DWORD), n=1..8
4889 SERRL2S1 (DWORD)
4880 SERRL2S2 (DWORD)

1>"R,>4, BD,*,:" @T4$84 F,D&@ BD4 F8@D@FH4 @F,6 0. +(@ 4FH@:8@&">4, F<. &
@B4F">44 (DJBBZ B"D"<,HD@& 4061 SERRL. AD4 JFH">@&:,>44 ,(@ 2>"R,>4b P,-
:,F@@$D"2>@ JR,FH\ @HFH"&">4,, B@:JR,>>@, B@ @LF,H>@6 @T4$8, ">":@(@&@(@
F4(>":", >"FHJB"`V,, & <@<,>H &8:`R,>4b. +(@ 2>"R,>4, *@:0>@ $ZH\ $@:\T,
2>"R,>4b, >"B4F">>@(@ & B"D"<,HD INPOSn.

4901 ACCTC B@*(DJBB" (WORD)

490n ACCTCn (WORD), n=1..8
A@FH@b>>"b &D,<,>4 JF8@D,>4b
BD4 JF8@D,>44 &H@D@(@ B@Db*8" &
D"2<,D>@FH4 <F,8. ?>" B@8"0,H,
RH@ 2" F8@:\8@ <4::4F,8J>*@&
*@FH4(",HFb JFH">@&:,>>@, B"D"-
<,HD@< 470n ACCn 2>"R,>4, JF8@-
D,>4b.

4911 COMPEN B@*(DJBB" (BIT)

4911 BLACCEN (BIT) (BackLash
ACCelaration ENable)

=1: D"2D,T,>" LJ>8P4b JF8@D,-
>4b F<,>Z >"BD"&:,>4b.

3FB@:\2@&"H\ H@:\8@ & F:JR",
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BD4<,>,>4b 42<,D4H,:\>@6 D,684!
4912 BLACCSP (BIT) (BackLash ACCelaration StoP)

=1: D"2D,T,>@ 2"&,DT,>4, JF8@D,>4b F<,>Z >"BD"&:,>4b >" @F>@&">44 BD@6-
*,>>@6 BJH4.

4913 SFRCMPEN (Static FRiction CoMPensation ENable)
=1: D"2D,T,>4, 8@<B,>F"P44 HD,>4b FP,B:,>4b.

4914 SFRCMPSP (Static FRiction CoMPensation StoP)
=1: D"2D,T,>@ 2"&,DT,>4, 8@<B,>F"P44 HD,>4b FP,B:,>4b >" @F>@&">44 BD@6-

*,>>@6 BJH4.

4921 BLACCAMT B@*(DJBB" (WORD) (BackLash
ACCelaration AMounT)

492n BLACCAMTn (WORD), n=1..8
%,:4R4>" JF8@D,>4b F<,>Z >"BD"&:,>4b, H@
,FH\ &,:4R4>" @F>@&>@(@ F4(>":" F8@D@FH4
BD4 &&,*,>44 & *,6FH&4, LJ>8P44, B@ @F4
1..8 >,2"&4F4<@ @H 2>"R,>4b @HFH"&">4b.

4931 BLACCPER B@*(DJBB" (WORD) (BackLash
ACCelaration PERiod)

493n BLACCPERn (WORD), n=1..8
G" BD@*@:04H,:\>@FH\ & D"2<,D>@FH4 <F,8,
B@8" JF8@D,>4, F<,>Z >"BD"&:,>4b *,6FH&4-
H,:\>", B@ @F4 1..8.

4941 BLACCDIST B@*(DJBB" (WORD) (BackLash
ACCelaration DISTance)

494n BLACCDISTn (WORD), n=1..8
+F:4 F B@:@0,>4,< B"D"<,HD" BLACCSP=1
D"2D,T,>@ 2"&,DT,>4, JF8@D,>4b F<,>Z >"-
BD"&:,>4b >" @F>@&">44 BD@6*,>>@6 BJH4,
H@(*" ^H4< B"D"<,HD@< <@0>@ 2"*"&"H\
BD@6*,>>Z6 BJH\ B@ @F4 1..8 & 4>8D,<,>H,
&&@*".

 L %>4<">4,! IF8@D,>4, F<,>Z >"BD"&:,>4, 2"&,DT",HFb H@(*", ,F:4 4FH,8:@ &D,<b,
2"*">>@, B"D"<,HD@< BLACCPERn, 4:4 n->@6 @F\` @HT"("> N@*, 2"*">>Z6 B"D"-
<,HD@< BLACCDISTn, 4:4 @F>@&>@6 F4(>":, &@2>48"`V46 B@* *,6FH&4,<
F@2*"`V,(@Fb @HFH"&">4b $@:\T, 2>"R,>4b B"D"<,HD" BLACCAMTn.
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4951 SFRCMPAMT B@*(DJBB" (WORD) (Static
FRiction CoMPensation AMounT)

495n SFRCMPAMTn (WORD), n=1..8
%,:4R4>" @F>@&>@(@ F4(>":" F8@D@FH4 BD4
&FHJB:,>44 & *,6FH&4, 8@<B,>F"P44 HD,>4b
FP,B:,>4b, B@ @F4 1..8 >,2"&4F4<@ @H 2>"R,-
>4b @HFH"&">4b.

4961 SPSTPER B@*(DJBB" (WORD) (StoP STate judgement PERiod)

496n SPSTPERn (WORD), n=1..8
):b 2"BJF8" 8@<B,>F"P44 HD,>4b FP,B:,>4b >"*@ JFH">@&4H\, RH@ *">>"b @F\
>"N@*4:"F\ :4 & FH@bR,< F@FH@b>44. +F:4 &D,<b, 2"*">>@, B"D"<,HD@< & D"2-
<,D>@FH4 <F,8 BD@N@*4H $,2 *&40,>4b B@ @F4 1..8, H@ BD4 2"BJF8, @F4 "8H4&424-
DJ,HFb 8@<B,>F"P4b HD,>4b FP,B:,>4b.

L %>4<">4,!
+F:4 JFH">@&4H\ 2>"R,>4, B"D"<,HD" F:ZT8@< <":,>\84<, & F:JR", >,$@:\T@6
B@*"R, <@0,H &FHJB4H\ & *,6FH&4, 8@<B,>F"P4b, RH@ <@0,H BD4&@*4H\ 8 >,0,-
:"H,:\>@<J D,2J:\H"HJ.

4971 SFRCMPDIST B@*(DJBB" (WORD) (Static
FRiction CoMPensation DISTance)

497n SFRCMPDISTn (WORD), n=1..8
+F:4 BD4 8@<B,>F"P44 HD,>4b FP,B:,>4b
D"2D,T,>@ 2"&,DT,>4, >" @F>@&">44 BD@6
*,>>@6 BJH4 F B@:@0,>4,< B"D"<,HD"
SFRCMPSP=1, H@(*" ̂ H4< B"D"<,HD@< <@0>@
2"*"&"H\ BD@6*,>>Z6 BJH\ B@ @F4 1..8 &
4>8D,<,>H, &&@*".

L %>4<">4,! 7@<B,>F"P4b HD,>4b FP,B:,>4b 2"&,DT",HFb H@(*", ,F:4 n->@6 @F\` @H-
T"("> N@*, 2"*">>Z6 B"D"<,HD@< SFRCMPDISTn, 4:4 @F>@&>@6 F4(>": F8@D@F-
H4, &@2>48"`V46 B@* *,6FH&4,< F@2*"`V,(@Fb @HFH"&">4b $@:\T, 2>"R,>4b
B"D"<,HD" SFRCMPAMTn.
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8.9 'DJBB" B"D"<,HD@& SPINDLE

5001 FLUCT B@*(DJBB" (WORD)

5001 TIME (WORD)
A"D"<,HD, 2"BJF8"`-
V46 >"R":@ >"$:`*,-
>4b 2" 8@:,$">4,< R4-
F,: @$@D@H@& TB4>*,:b
>" &D,<b. ),6FH&J,H &
F@FH@b>44 G26.
C"2<,D>@FH\: 100<F,8.
A"D"<,HD (2>"R,>4, "*-
D,F" P) B,D,B4T,HFb 42
BD@(D"<<Z *,H":,6
B@* *,6FH&4,< 8@<">-
*Z G26 Pp Q R D.
+F:4 D"2>4P" R4F,: @-
$@D@H@& 4 B@F:, BD@-
N@0*,>4b &D,<,>4
TIME $@:\T, D"FN@0-
*,>4b, JFH">@&:,>>@(@ & BD@P,>H"N B"D"<,HD@< SCERR <,0*J 8@<">*@6 R4F,:
@$@D@H@& 4 L"8H4R,F84< R4F:@< @$@D@H@&, >"R4>",HFb ">":42 8@:,$">4b.

5002 SCERR (WORD)
A"D"<,HD, 2"BJF8"`-
V46 >"R":@ >"$:`*,-
>4b 2" 8@:,$">4,< R4-
F,: @$@D@H@& TB4>*,:b
>" BD@P,>H>@, @H8:@-
>,>4,. ),6FH&J,H & F@-
FH@b>44 G26.
C"2<,D>@FH\: %.
A"D"<,HD (2>"R,>4, "*-
D,F" Q) B,D,B4T,HFb 42
BD@(D"<<Z *,H":,6
B@* *,6FH&4,< 8@<">-
*Z G26 P Qq R D.
+F:4 D"2>4P" R4F,: @-
$@D@H@& ,V. *@ 4FH,R,-
>4b &D,<,>4 TIME <,>\T, D"FN@0*,>4b, JFH">@&:,>>@(@ & BD@P,>H"N B"D"<,H-
D@< SCERR <,0*J 8@<">*@6 R4F,: @$@D@H@& 4 L"8H4R,F84< R4F:@< @$@D@H@&,
>"R4>",HFb ">":42 8@:,$">4b.
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5003 FLUCT% (WORD)
A"D"<,HD, @BD,*,:b`V46 @H>@F4-
H,:\>J` <,DJ >"$:`*,>4b 2" 8@-
:,$">4,< R4F,: @$@D@H@& TB4>-
*,:b, >" BD,&ZT,>4, 8@H@D@6
&Z&@*4HFb F@@$V,>4, @$ @T4$8,.
?> *,6FH&J,H & F@FH@b>44 G26.
C"2<,D>@FH\: %.
A"D"<,HD (2>"R,>4, "*D,F" R) B,-
D,B4T,HFb 42 BD@(D"<<Z *,H":,6
B@* *,6FH&4,< 8@<">*Z G26 P Q
Rr D.
)@BJFH4<"b <,D" 8@:,$">4b R4-
F,: @$@D@H@& & BD@P,>H"N @H &Z-
*">>ZN R4F,: @$@D@H@&.
+F:4 B@F:, 2"BJF8" >"$:`*,>4b
2" 8@:,$">4,< "8HJ":\>@(@ R4F:"
@$@D@H@& TB4>*,:b &ZN@*4H 42
@$,4N @$:"FH,6 R4F,: @$@D@H@&, @-
BD,*,:.>>ZN B"D"<,HD@< FLUCT% 4 FLUCTW, JBD"&:,>4,< 2"B4T,HFb
4>*48"H@D I655 & 1.

5004 FLUCTW (WORD)
A"D"<,HD, @BD,*,:b`V46 "$F@:`H>J` <,DJ >"$:`*,>4b 2" 8@:,$">4,< R4F,:
@$@D@H@& TB4>*,:b, >" BD,&ZT,>4, 8@H@D@6 &Z&@*4HFb F@@$V,>4, @$ @T4$8,.
?> *,6FH&J,H & F@FH@b>44 G26.
C"2<,D>@FH\: @$/<4>.
A"D"<,HD (2>"R,>4, "*D,F" D) B,D,B4T,HFb 42 BD@(D"<<Z *,H":,6 B@* *,6FH&4-
,< 8@<">*Z G26 P Q R Dd.
)@BJFH4<"b <,D" 8@:,$">4b R4F,: @$@D@H@& & "$F@:`H>@< 2>"R,>44.
+F:4 B@F:, 2"BJF8" >"$:`*,>4b 2" 8@:,$">4,< "8HJ":\>@(@ R4F:" @$@D@H@&
TB4>*,:b &ZN@*4H 42 @$,4N @$:"FH,6 R4F,: @$@D@H@&, @BD,*,:.>>ZN B"D"<,H-
D@< FLUCT% 4 FLUCTW, JBD"&:,>4,< 2"B4T,HFb 4>*48"H@D I655 & 1.

L 1"<,R">4b: AD4&,*,>>Z, &ZT, B"D"<,HDZ @H>@FbHFb H@:\8@ 8 1-<J TB4>*,:`,
4 *,6FH&J`H H@:\8@ H@(*", ,F:4 1-6 TB4>*,:\ "8H4&>Z6. (AD4 B@8"2">44
Y660=0 4>*48"H@D" Y660 PLC.)
=" D4FJ>8, &4*>" H" @$:"FH\ R4F,: @$@D@H@&, B@ 8@H@D@6 NC JFH">"&:4&",H 4>-
*48"H@D I655. +F:4 2"BD@(D"<<4D@&">>@, R4F:@ @$@D@H@& TB4>*,:b >"N@*4HFb
B@* 2>"R,>4,< "S", B@8"2">>Z< >" D4FJ>8,, H@ &Z&@*4H NC F@@$V,>4, @$
@T4$8, H@(*", ,F:4 "8HJ":\>@, R4F:@ @$@D@H@& $@:\T, &D,<,>4 1 F,8J>* 0
@$/<4>.
KJ>8P4b >"$:`*,>4b 2" 8@:,$">4,< R4F,: @$@D@H@& *,6FH&J,H H@:\8@ H@(*",
,F:4 TB4>*,:\ @$@DJ*@&"> *"HR48@< (B@:@0,>4, B"D"<,HD" ENCODERS1>0).
7@<">*" R4F,: @$@D@H@&, B@ @H>@T,>4` 8@H@D@6 4*.H >"$:`*,>4, 2" "8HJ":\-
>Z< R4F:@< @$@D@H@&, D"FR4HZ&",HFb F JR.H@< L@DF4D@&84, BD,*,:@& R4F,:
@$@D@H@& @$:"FH4, 4 <"8F4<":\>@(@ R4F:" @$@D@H@& (G92 S_), 2"BD@(D"<<4D@-
&">>@(@ & F@FH@b>44 D"FR.H" B@FH@b>>@6 F8@D@FH4 D,2">4b G96.
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="$:`*,>4b 2" 8@:,$">4,< R4F,: @$@D@H@& *,6FH&J,H H@:\8@ & F:JR", G26 4
BD4 &D"V,>44 TB4>*,:b (& F@FH@b>44 M3, 4:4 M4). A@F:, &8:`R,>4b NC BD4-
<,H F@FH@b>4, G26 (I654=0). 1"BD@(D"<<4D@&">4,< G25 J*":b,HFb >"$:`*,>4,
2" 8@:,$">4,<.
E<@HD4 ,V. (:"&J F >"2&">4,< ="$:`*,>4, 2" 8@:,$">4,< R4F,: @$@D@H@&
TB4>*,:b (G25, G26) & DJ8@&@*FH&, ?B4F">4, BD@(D"<<4D@&">4b.

5005 N% (WORD)
Q4F:@ *:b &Z*"R4 F4(>":" n=nS
(TB4>*,:\ >"$D": @$@D@HZ), @(D"-
>4R4&"`V,, BD@P,>H>@, @H8:@>,-
>4, "8HJ":\>@(@ R4F:" @$@D@H@&
TB4>*,:b @H 2"BD@(D"<<4D@&">-
>@(@.
C"2<,D>@FH\: %.
+F:4 D"2>4P" <,0*J 2"BD@(D"<-
<4D@&">>Z< (S) 4 "8HJ":\>Z<
R4F:@< @$@D@H@& TB4>*,:b B@B"-
*",H &>JHD\ B@:@FZ, @(D">4R,>-
>@6 B"D"<,HD"<4 N% 4 NW, J-
BD"&:,>4, 2"B4T,H & 1 4>*48"H@D
I656 n=nS.

5006 NW (WORD)
Q4F:@ *:b &Z*"R4 F4(>":" n=nS
(TB4>*,:\ >"$D": @$@D@HZ), @(D">4R4&"`V,, "$F@:`H>@, @H8:@>,>4, "8HJ":\-
>@(@ R4F:" @$@D@H@& TB4>*,:b @H 2"BD@(D"<<4D@&">>@(@.
C"2<,D>@FH\: @$/<4>.
+F:4 D"2>4P" <,0*J 2"BD@(D"<<4D@&">>Z< (S) 4 "8HJ":\>Z< R4F:@< @$@D@H@&
TB4>*,:b B@B"*",H &>JHD\ B@:@FZ, @(D">4R,>>@6 B"D"<,HD"<4 N% 4 NW, J-
BD"&:,>4, 2"B4T,H & 14>*48"H@D I656 n=nS.

5007 N0 (WORD)
Q4F:@ @$@D@H@& TB4>*,:b *:b &Z*"R4 F4(>":" n=0 (TB4>*,:\ FH@4H).
C"2<,D>@FH\: @$/<4>.
+F:4 2>"R,>4, "8HJ":\>@(@ R4F:" @$@D@H@& TB4>*,:b B@B"*",H &>JHD\ B@:@FZ,
@(D">4R,>>@6 B"D"<,HD@< N0, JBD"&:,>4,< &Z&@*4HFb F4(>": n=0, H@ ,FH\
2"B4T,H 4>*48"H@D I657 & 1.

L 1"<,R">4b: KJ>8P4b n=nS 4 n=0 *,6FH&J,H H@:\8@ H@(*", ,F:4 TB4>*,:\ @$@DJ*@-
&"> *"HR48@< (B@:@0,>4, B"D"<,HD" ENCODERS1>0).
7@<">*" R4F,: @$@D@H@&, B@ @H>@T,>4` 8@H@D@6 4*.H >"$:`*,>4, 2" "8HJ":\-
>Z< R4F:@< @$@D@H@&, D"FR4HZ&",HFb F JR.H@< L@DF4D@&84, BD,*,:@& R4F,:
@$@D@H@& @$:"FH4, 4 <"8F4<":\>@(@ R4F:" @$@D@H@& (G92 S_), 2"BD@(D"<<4D@-
&">>@(@ & F@FH@b>44 D"FR.H" B@FH@b>>@6 F8@D@FH4 D,2">4b G96.  
?$" F4(>":" n=nS 4 n=0 (I656 4 I657) &<,FH, D"&>Z 1 & FH@bR,< F@FH@b>44 TB4>-
*,:b. 
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5021 ADJUST B@*(DJBB" (WORD)

5021 ADJUSTS1 (WORD)
5022 ADJUSTS2 (WORD)

=@D<4D@&">4, @F>@&>@(@ F4(>":" TB4>*,:b 1., 2.
IFH">@&8": & B"D"<,HD 2"B4F"H\ >@:\, &Z*"&"H\ R4F:@ @$@D@H@&, @H>@FbV,(@ 8
@F>@&>@<J F4(>":J 10% & *">>@6 @$:"FH4, & ^H@H <@<,>H 42<,D4H\ 2>"R,>4,
@F>@&>@(@ F4(>":" TB4>*,:b. 32<,D,>>@, H"84< @$D"2@< 2>"R,>4, >"BDb0,-
>4b 2"B4F"H\ & <%–"N & B"D"<,HD. ]H@H B"D"<,HD *@:0,> $ZH\ $@:\T,, 4:4
D"&,> 10000.

5023 ENCODERS1 (WORD)
5024 ENCODERS2 (WORD)

C"2D,T,>4, *"HR48" B,D&@(@ 4 &H@D@(@ TB4>*,:b. ;,0*J *"HR48@< 4 TB4>*,-
:,< @$b2"H,:\>@ *@:0>" $ZH\ B@ 1-1 B,D,*"R4.
1"B4F\ H@R>@(@ 2>"R,>4b &"0>@, H"8 8"8 >" @F>@&">44 ̂ H@(@ &ZF&,R4&",HFb J-
BD"&:,>4,< "8HJ":\>@, R4F:@ @$@D@H@&, >" @F>@&">44 ^H@(@ &,*.HFb 8":8J:b-
P4b T"(" D,2\$Z BD4 F&,D:,>44 4 >"D,2">44 D,2\$Z, 4 >" @F>@&">44 ̂ H@(@ B"-
D"<,HD" @$D"V",HFb 4>*48"H@D"<4 I655, I665, I656, I666, I657, I667 PLC.
+F:4 TB4>*,:\ >, @$@DJ*@&"> *"HR48@<, & B"D"<,HD 2"B4T,< 0. AD4 ^H@< >"
4>*48"H@D, & 2>"R,>4, "8HJ":\>@(@ R4F:" @$@D@H@& 2"B4T,HFb 2>"R,>4, 8@<">-
*Z, 4 >, F@2*"`HFb 4>*48"H@DZ I655, I656, I657 PLC.

 L 1"<,R">4,: AD4 &Z$@D, D"2D,T,>4b *"HR48" >"*@ JR,FH\, RH@ &,DN>bb BD,*,:\>"b
R"FH@H" BD4.<>@6 P,BZ 5008'P.

5025 IOSELS1 (WORD)
5026 IOSELS2 (WORD)

]H4< B"D"<,HD@< &Z*,:b,HFb, RH@ 8 8"8@<J L424R,F8@<J &&@*J 4 &Z&@*J (&&@*
*"HR48", ">":@(@&Z6 &Z&@*) B@*8:`R",HFb TB4>*,:\ 1 4 2. % B"D"<,HD >"*@
2"B4F"H\ >@<,D @F4. 
AD,*,:\>@, 2>"R,>4,: 1)12.
+F:4 TB4>*,: B@*8:`R4H\ >"BD4<,D 8 4-<J &&@*J, &Z&@*J B,D&@6 8"DHZ XMU,
& B"D"<,HD 2"B4FZ&",HFb R4F:@ 4. ! ,F:4 TB4>*,: B@*8:`R4H\ 8 4-<J &&@*J,
&Z&@*J &H@D@6 8"DHZ XMU & B"D"<,HD 2"B4FZ&",HFb R4F:@ 8.

5041 S1 ACCT B@*(DJBB" (WORD)

504n S1 ACCTn (WORD), n=1..8
A"D"<,HD D"2$,(" @F>@&>@(@ F4(>":"
n–>@6 @$:"FH4 R4F,: @$@D@H@& B,D&@(@
TB4>*,:b. 7DJH42>" &Z*"R4 F4(>":"
BD4 JF8@D,>44.
+F:4 2>"R,>4, B"D"<,HD" 0, >" &Z&@*,
FD"2J B@b&4HFb >"BDb0,>4,, F@@H&,HFH-
&J`V,, 2"B4F">>@<J & D,(4FHD RH060
2>"R,>4`.
+F:4 2>"R,>4, B"D"<,HD" >0, 8DJH42>"
&Z*"R4 F4(>":" )n[@$/<4>]/20<F,8, (*, 2>"R,>4, )n B@:JR4< 42 F:,*J`V,6 2"-
&4F4<@FH4: 
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Δn
S1_10Vn

const
S1_ ACCTn= •

2>"R,>4, const BD4 ">":@(@&@6 &Z*"R, 213, " BD4 *4(4H":\>@6 215.

5061 S1 DECT B@*(DJBB" (WORD)

506n S1 DECTn (WORD), n=1..8
A"D"<,HD F$,(" @F>@&>@(@ F4(>":" n–>@6 @$:"FH4 R4F,: @$@D@H@& B,D&@(@
TB4>*,:b. 7DJH42>" &Z*"R4 F4(>":" BD4 2"<,*:,>44.
+F:4 2>"R,>4, B"D"<,HD" 0, >" &Z&@*, FD"2J B@b&4HFb >"BDb0,>4,, F@@H&,HFH&J-
`V,, 2"B4F">>@<J & D,(4FHD RH060 2>"R,>4`.
+F:4 2>"R,>4, B"D"<,HD" >0, 8DJH42>" &Z*"R4 F4(>":" )n[@$/<4>]/20<F,8, (*,
2>"R,>4, )n B@:JR4< 42 F:,*J`V,6 2"&4F4<@FH4: 

Δn
S1_10Vn

const
S1_ DECTn= •

2>"R,>4, const BD4 ">":@(@&@6 &Z*"R, 213, " BD4 *4(4H":\>@6 215.

5081 S2 ACCT B@*(DJBB" (WORD)

508n S2 ACCTn (WORD), n=1..8
A"D"<,HD D"2$,(" @F>@&>@(@ F4(>":" n–>@6 @$:"FH4 R4F,: @$@D@H@& &H@D@(@
TB4>*,:b. 7DJH42>" &Z*"R4 F4(>":" BD4 JF8@D,>44. 
+F:4 2>"R,>4, B"D"<,HD" 0, >" &Z&@*, FD"2J B@b&4HFb >"BDb0,>4,, F@@H&,HFH-
&J`V,, 2"B4F">>@<J & D,(4FHD RH065 2>"R,>4`.
+F:4 2>"R,>4, B"D"<,HD" >0, 8DJH42>" &Z*"R4 F4(>":" )n[@$/<4>]/20<F,8, (*,
2>"R,>4, )n B@:JR4< 42 F:,*J`V,6 2"&4F4<@FH4: 

Δn
S2_10Vn

const
S2_ ACCTn= •

2>"R,>4, const BD4 ">":@(@&@6 &Z*"R, 213, " BD4 *4(4H":\>@6 215.

5101 S2 DECT B@*(DJBB" (WORD)

510n S2 DECTn (WORD), n=1..8
A"D"<,HD F$,(" @F>@&>@(@ F4(>":" n–>@6 @$:"FH4 R4F,: @$@D@H@& &H@D@(@
TB4>*,:b. 7DJH42>" &Z*"R4 F4(>":" BD4 2"<,*:,>44.
+F:4 2>"R,>4, B"D"<,HD" 0, >" &Z&@*, FD"2J B@b&4HFb >"BDb0,>4,, F@@H&,HFH&J-
`V,, 2"B4F">>@<J & D,(4FHD RH065 2>"R,>4`.
+F:4 2>"R,>4, B"D"<,HD" >0, 8DJH42>" &Z*"R4 F4(>":" )n[@$/<4>]/20<F,8, (*,
2>"R,>4, )n B@:JR4< 42 F:,*J`V,6 2"&4F4<@FH4: 

Δn
S2_10Vn

const
S2_ DECTn= •

2>"R,>4, const BD4 ">":@(@&@6 &Z*"R, 213, " BD4 *4(4H":\>@6 215.
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5121 S1 10V B@*(DJBB" (WORD)

512n S1 10Vn (WORD), n=1..8
 Q4F:@ @$@D@H@& TB4>*,:b, @H>@FbV,, 8 10% & &@F\<4 @$:"FHbN B,D&@(@ TB4>-

*,:b.

% @H*,:\>ZN @$:"FHbN >"*@ 2"*"&"H\ H@ R4F:@ @$@D@H@& & D"2<,D>@FH4 

>" 8@H@DZN &D"V":Fb $Z TB4>*,:\, ,F:4 $Z >" ">":@(@&@< &Z&@*, &ZN@*4:@
<"8F4<":\>@ 10%.

5141 S1 MIN B@*(DJBB" (WORD)

514n S1 MINn (WORD), n=1..8
;4>4<":\>@, R4F:@ @$@D@H@& B,D&@(@
TB4>*,:b & &@F\<4 @$:"FHbN.
A@ @$:"FHb< >"*@ 2"*"&"H\ <4>4<":\-
>@, R4F:@ @$@D@H@& & D"2<,D>@FH4

, *,6FH&J`V,, & @$:"FH4.

+F:4 & *">>@6 @$:"FH4 2"BD@(D"<<4D@-
&">@ R4F:@ @$@D@H@&, <,>\T, ^H@(@, H@
TB4>*,:,< BD4>4<",HFb ^H@ R4F:@ @-
$@D@H@&.

5161 S1 MAX B@*(DJBB" (WORD)

516n S1 MAXn (WORD), n=1..8
;"8F4<":\>@, R4F:@ @$@D@H@& B,D&@(@ TB4>*,:b & &@F\<4 @$:"FHbN.
A@ @$:"FHb< >"*@ 2"*"&"H\ <"8F4<":\>@, R4F:@ @$@D@H@& & D"2<,D>@FH4

, *,6FH&J`V,, & @$:"FH4, >@ 8@H@D@, >, <@0,H $ZH\ $@:\T,, R,< S1

10Vn. +F:4 & *">>@6 @$:"FH4 2"BD@(D"<<4D@&">@ R4F:@ @$@D@H@&, $@:\T, ̂ H@-
(@, H@ TB4>*,:,< BD4>4<",HFb ^H@ R4F:@ @$@D@H@&.

5181 S2 10V B@*(DJBB" (WORD)

518n S2 10Vn (WORD), n=1..8
Q4F:@ @$@D@H@& TB4>*,:b, @H>@FbV,, 8 10% & &@F\<4 @$:"FHbN &H@D@(@ TB4>-
*,:b.

% @H*,:\>ZN @$:"FHbN >"*@ 2"*"&"H\ H@ R4F:@ @$@D@H@& & D"2<,D>@FH4 

>" 8@H@DZN &D"V":Fb $Z TB4>*,:\, ,F:4 $Z >" ">":@(@&@< &Z&@*, &ZN@*4:@
<"8F4<":\>@ 10%.
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5201 S2 MIN B@*(DJBB" (WORD)

520n S2 MINn (WORD), n=1..8
;4>4<":\>@, R4F:@ @$@D@H@& &H@D@(@ TB4>*,:b & &@F\<4 @$:"FHbN.
A@ @$:"FHb< >"*@ 2"*"&"H\ <4>4<":\>@, R4F:@ @$@D@H@& & D"2<,D>@FH4

, *,6FH&J`V,, & @$:"FH4. +F:4 & *">>@6 @$:"FH4 2"BD@(D"<<4D@&">@

R4F:@ @$@D@H@&, <,>\T, ̂ H@(@, H@ TB4>*,:,< BD4>4<",HFb ̂ H@ R4F:@ @$@D@H@&.

5221 S2 MAX B@*(DJBB" (WORD)

522n S2 MAXn (WORD), n=1..8
;"8F4<":\>@, R4F:@ @$@D@H@& &H@D@(@ TB4>*,:b & &@F\<4 @$:"FHbN.
A@ @$:"FHb< >"*@ 2"*"&"H\ <"8F4<":\>@, R4F:@ @$@D@H@& & D"2<,D>@FH4

, *,6FH&J`V,, & @$:"FH4, >@ 8@H@D@, >, <@0,H $ZH\ $@:\T,, R,< S2

10Vn. +F:4 & *">>@6 @$:"FH4 2"BD@(D"<<4D@&">@ R4F:@ @$@D@H@&, $@:\T, ̂ H@-
(@, H@ TB4>*,:,< BD4>4<",HFb ^H@ R4F:@ @$@D@H@&.

5241 SINDEX1 B@*(DJBB" (WORD)

5241 M_NUMB1 (WORD)
3< 2"*".HFb H@ BD,*,:\>@, R4F:@, >"R4>"b F 8@H@D@(@ <@0>@ 2"*"&"H\ 4>8D,-
<,>H>@, B,D,<,V,>4, B,D&@(@ TB4>*,:b, & F:JR", 4>*,8F"P44 TB4>*,:b B@
LJ>8P44 M.
="BD4<,D & F:JR", M_NUMB1=100, ,F:4 0,:",< 2"BD@(D"<<4D@&"H\ B,D,<,V,-
>4, 60°, >"*@ 2"*"&"H\ M160.

5242 DIVS1 (WORD)
+(@ 2>"R,>4, @$b2"H,:\>@ 0.

5261 SINDEX2 B@*(DJBB" (WORD)

5261 M_NUMB2 (WORD)
3< 2"*".HFb H@ BD,*,:\>@, R4F:@, >"R4>"b F 8@H@D@(@ <@0>@ 2"*"&"H\ 4>8D,-
<,>H>@, B,D,<,V,>4, &H@D@(@ TB4>*,:b, & F:JR", 4>*,8F"P44 TB4>*,:b B@
LJ>8P44 M.

5262 DIVS2 (WORD)
+(@ 2>"R,>4, @$b2"H,:\>@ 0.
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5281 SORIENT1 B@*(DJBB" (BIT)

5281 ORIENT1 (BIT)
0: B,D&Z6 TB4>*,:\ >, @D4,>H4DJ,<Z6,
1: B,D&Z6 TB4>*,:\ @D4,>H4DJ,H >" M19.
?D4,>H4D@&8" <@0,H BD@4FN@*4H\ <,N">4R,F84, 4 H"80, 2"<Z8">4,< D,(J:4-
DJ`V,6 P,BZ B@24P44. A"D"<,HD >"*@ 2"B4F"H\ & @$@4N F:JR"bN & 1, H"8 8"8
^H4< B"D"<,HD@< D"2D,T"`HFb F&,D:4:\>Z, P48:Z (G76, G87), HD,$J`V4,
@D4,>4H4D@&8J. 

5282 INDEX1 (BIT)
0: B,D&Z6 TB4>*,:\ >, 4>*,8F4DJ,<Z6,
1: B,D&Z6 TB4>*,:\ 4>*,8F4DJ,<Z6, H@ ,FH\ D,(J:4DJ`V"b P,B\ B@24P44 2"-

<Z8",<"b. AD4 2"<Z8">44 P,BZ B@* B@F:,*>,6 @F\` &Z&@*4HFb "8HJ-
":\>"b B@24P4b B@ "*D,FJ S 4:4 C >" @F>@&">44 B"D"<,HD" INDEX_C1.

5283 GRID1 (BIT)
0: @D4,>H4D@&8" B,D&@(@ TB4>*,:b BD@4FN@*4H F@(:"F>@ BD4.<" D,L,D,>H>@6

H@R84 (A@F:, >"$,(" >" &8:`R"H,:\ B@4F8 >J:,&@(@ 4<BJ:\F"),
1: @D4,>H4D@&8" B,D&@(@ TB4>*,:b BD@4FN@*4H F@(:"F>@ >J:,&@6 D,T.H8,.

(A@4F8 H@:\8@ >J:,&@(@ 4<BJ:\F".)
5284 INDEX_C1 (BIT)

0: B,D&Z6 TB4>*,:\ 4>*,8F4DJ,H >" LJ>8P4` M, &Z&,*,>4, B@24P44 B@* "*D,-
F@< S,

1: B,D&Z6 TB4>*,:\ 4>*,8F4DJ,H >" "*D,F C, &Z&,*,>4, B@24P44 B@* "*D,F@<
C.

5285 S1G33OVEN (BIT)
0: &@ &D,<b >"D,2">4b D,2\$Z >" TB4>*,:, m1 @$,2*,6FH&@&"> %->Z6 &8:`R"-

H,:\, ,(@ 2>"R,>4, &F,(*" 100%,
1: &@ &D,<b >"D,2">4b D,2\$Z >" TB4>*,:, m1 *,6FH&J,H %->Z6  &8:`R"H,:\.

5286 S1G33AVER2 (BIT)
5286 S1G33AVER4 (BIT)
5287 S1G33AVER8 (BIT)

%@ &D,<b >"D,2">4b D,2\$Z G33 8 4>H,DB@:bP44 T"(" D,2\$Z @H *"HR48" TB4>-
*,:b m1 $,D.HFb FD,*>,, @H BD4N@*bV4N 4<BJ:\F@& 2"  2 (S1G33AVER2), 4
(S1G33AVER4), 8 (S1G33AVER8) P48: 42<,D4H,:\>@6 F4FH,<Z. 3:4 &F, HD4 B"-
D"<,HD" 0, 4 BD4 ̂ H@< >, >, $,D.HFb FD,*>,,, 4:4, ,F:4 8"8@6-H@ B"D"<,HD 1, F@-
2*".HFb FD,*>>, F@(:"F>@ ^H@<J.
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5301 SORIENT2 B@*(DJBB" (BIT)

5301 ORIENT2 (BIT)
0: &H@D@6 TB4>*,:\ >, @D4,>H4DJ,<Z6,
1: &H@D@6 TB4>*,:\ @D4,>H4DJ,H >" M19.
?D4,>H4D@&8" <@0,H BD@4FN@*4H\ <,N">4R,F84, 4 H"80, 2"<Z8">4,< D,(J:4-
DJ`V,6 P,BZ B@24P44. A"D"<,HD >"*@ 2"B4F"H\ & @$@4N F:JR"bN & 1, H"8 8"8
^H4< B"D"<,HD@< D"2D,T"`HFb F&,D:4:\>Z, P48:Z (G76, G87), HD,$J`V4,
@D4,>4H4D@&8J.

5302 INDEX2 (BIT)
0: &H@D@6 TB4>*,:\ >, 4>*,8F4DJ,<Z6,
1: &H@D@6 TB4>*,:\ 4>*,8F4DJ,<Z6, H@ ,FH\ D,(J:4DJ`V"b P,B\ B@24P44 2"-

<Z8",<"b. AD4 2"<Z8">44 P,BZ B@* B@F:,*>,6 @F\` &Z&@*4HFb "8HJ-
":\>"b B@24P4b B@ "*D,FJ S 4:4 C >" @F>@&">44 B"D"<,HD" INDEX_C2.

5303 GRID2 (BIT)
0: @D4,>H4D@&8" &H@D@(@ TB4>*,:b BD@4FN@*4H F@(:"F>@ BD4.<" D,L,D,>H>@6

H@R84 (A@F:, >"$,(" >" &8:`R"H,:\ B@4F8 >J:,&@(@ 4<BJ:\F"),
1: @D4,>H4D@&8" &H@D@(@ TB4>*,:b BD@4FN@*4H F@(:"F>@ >J:,&@6 D,T.H8,.

5304 INDEX_C2 (BIT)
0: &H@D@6 TB4>*,:\ 4>*,8F4DJ,H >" LJ>8P4` M,
1: &H@D@6 TB4>*,:\ 4>*,8F4DJ,H >" "*D,F C. (A@4F8 H@:\8@ >J:,&@(@ 4<BJ:\F".)

5305 S2G33OVEN (BIT)
0: &@ &D,<b >"D,2">4b D,2\$Z >" TB4>*,:, m2 @$,2*,6FH&@&"> %->Z6 &8:`R"-

H,:\, ,(@ 2>"R,>4, &F,(*" 100%,
1: &@ &D,<b >"D,2">4b D,2\$Z >" TB4>*,:, m2 *,6FH&J,H %->Z6  &8:`R"H,:\.

5306 S2G33AVER2 (BIT)
5306 S2G33AVER4 (BIT)
5307 S2G33AVER8 (BIT)

%@ &D,<b >"D,2">4b D,2\$Z G33 8 4>H,DB@:bP44 T"(" D,2\$Z @H *"HR48" TB4>-
*,:b m2 $,D.HFb FD,*>,, @H BD4N@*bV4N 4<BJ:\F@& 2" 2 (S2G33AVER2), 4
(S2G33AVER4), 8 (S2G33AVER8) P48: 42<,D4H,:\>@6 F4FH,<Z. 3:4 &F, HD4 B"-
D"<,HD" 0, 4 BD4 ̂ H@< >, >, $,D.HFb FD,*>,,, 4:4, ,F:4 8"8@6-H@ B"D"<,HD 1, F@-
2*".HFb FD,*>>, F@(:"F>@ ^H@<J.

5321 GAIN1 B@*(DJBB" (DWORD)

532n GAIN1n (DWORD), n=1..8
3< 2"*".HFb 2>"R,>4, JF4:,>4b P,BZ, @H>@FbV,, 8 D"2:4R>Z< @$:"FHb< TB4>-
*,:b, 8@(*" D,(J:4DJ`V"b P,B\ B@24P44 B,D&@(@ TB4>*,:b Z8:`R,>". )"HR48
TB4>*>:b *@:0,> $ZH\ @$@DJ*@&"> >" &":J TB4>*,:b. +(@ 4FH@:8@&">4,
F<@HD4 & (DJBB, B"D"<,HD@& 4021 GAIN (DJBBZ B"D"<,HD@& E+C%?.

5341 GAIN2 B@*(DJBB" (DWORD)

534n GAIN2n (DWORD), n=1..8
3< 2"*".HFb 2>"R,>4, JF4:,>4b P,BZ, @H>@FbV,, 8 D"2:4R>Z< @$:"FHb< TB4>-
*,:b, 8@(*" D,(J:4DJ`V"b P,B\ B@24P44 &H@D@(@ TB4>*,:b Z8:`R,>". )"HR48
TB4>*>:b *@:0,> $ZH\ @$@DJ*@&"> >" &":J TB4>*,:b. +(@ 4FH@:8@&">4,
F<@HD4 & (DJBB, B"D"<,HD@& 4021 GAIN (DJBBZ B"D"<,HD@& E+C%?.
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5361 ACC1 B@*(DJBB" (WORD)

536n ACC1n (WORD), n=1..8
3< 2"*".HFb 2>"R,>4, JF8@D,>4b P,BZ, @H>@FbV,, 8 D"2:4R>Z< @$:"FHb<
TB4>*,:b, 8@(*" D,(J:4DJ`V"b P,B\ B@24P44 B,D&@(@ TB4>*,:b &8:`R,>".
+(@ 4FH@:8@&">4, F<@HD4 & (DJBB, B"D"<,HD@& 4701 ACC (DJBBZ B"D"<,HD@&
E+C%?. 

5381 ACC2 B@*(DJBB" (WORD)

538n ACC2n (WORD), n=1..8
3< 2"*".HFb 2>"R,>4, JF8@D,>4b P,BZ, @H>@FbV,, 8 D"2:4R>Z< @$:"FHb<
TB4>*,:b, 8@(*" D,(J:4DJ`V"b P,B\ B@24P44 &H@D@(@ TB4>*,:b &8:`R,>".
+(@ 4FH@:8@&">4, F<@HD4 & (DJBB, B"D"<,HD@& 4701 ACC (DJBBZ B"D"<,HD@&
E+C%?. 

5401 SYNCHR1 B@*(DJBB" (INTEGER)

5401 SYNCHR_P1 (INTEGER)
AD@B@DP4@>":\>"b B@FH@b>>"b D,(J:4D@&84 F4>ND@>42"P44, ,F:4 F4>ND@>424-
D@&"H\ &4>H m1 8 &4>HJ m 2. %Z*".H F4(>":, BD@B@DP4@>":\>Z6 2>"R,>4` R4F-
:" 4 D"FFH@b>4,` <,0*J *&J<b 4<BJ:\F"<4. C,8@<,>*@&">>@, ,(@ 2>"R,>4,:
20 – 50.

5402 SPSHIFT1 (INTEGER)
A@8"0,H, RH@ >" D"FFH@b>4, F8@:\8@ 4<BJ:\F@& B@&,D>JH\ >J:,&@6 4<BJ:\F
TB4>*,:b m 1 B@ FD"&>,>4` >J:,&@(@ 4<BJ:\F" TB4>*,:b m 2. AD4 F4>ND@>4-
2"P44. Q4F:@ F@ 2>"8@<.

5421 SYNCHR2 B@*(DJBB" (INTEGER)

5421 SYNCHR_P2 (INTEGER)
AD@B@DP4@>":\>"b B@FH@b>>"b D,(J:4D@&84 F4>ND@>42"P44, ,F:4 F4>ND@>424-
D@&"H\ &4>H m2 8 &4>HJ m 1. %Z*".H F4(>":, BD@B@DP4@>":\>Z6 2>"R,>4` R4F-
:" 4 D"FFH@b>4,` <,0*J *&J<b 4<BJ:\F"<4. C,8@<,>*@&">>@, ,(@ 2>"R,>4,:
20 – 50.

5422 SPSHIFT2 (INTEGER)
A@8"0,H, RH@ >" D"FFH@b>4, F8@:\8@ 4<BJ:\F@& B@&,D>JH\ >J:,&@6 4<BJ:\F
TB4>*,:b m 2 B@ FD"&>,>4` >J:,&@(@ 4<BJ:\F" TB4>*,:b m 1. AD4 F4>ND@>4-
2"P44. Q4F:@ F@ 2>"8@<.
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5441 FLUCT2 B@*(DJBB" (WORD)

5441 TIME2 (WORD)
A"D"<,HD, 2"BJF8"`-
V46 >"R":@ >"$:`*,-
>4b 2" 8@:,$">4,< R4-
F,: @$@D@H@& TB4>*,:b
>" &D,<b. ),6FH&J,H &
F@FH@b>44 G26.
C"2<,D>@FH\: 100<F,8.
A"D"<,HD (2>"R,>4, "*-
D,F" P) B,D,B4T,HFb 42
BD@(D"<<Z *,H":,6
B@* *,6FH&4,< 8@<">-
*Z G26 Pp Q R D.
+F:4 D"2>4P" R4F,: @-
$@D@H@& 4 B@F:, BD@-
N@0*,>4b &D,<,>4
TIME $@:\T, D"FN@0*,>4b, JFH">@&:,>>@(@ B"D"<,HD@< SCERR <,0*J 8@<">-
*@6 R4F,: @$@D@H@& 4 L"8H4R,F84< R4F:@< @$@D@H@&, >"R4>",HFb ">":42 8@:,-
$">4b.

5442 SCERR2 (WORD)
A"D"<,HD, 2"BJF8"`-
V46 >"R":@ >"$:`*,-
>4b 2" 8@:,$">4,< R4-
F,: @$@D@H@& TB4>*,:b
>" BD@ P,>H>@, @H8:@-
>,>4,. ),6FH&J,H & F@-
FH@b>44 G26.
C"2<,D>@FH\: %.
A"D"<,HD (2>"R,>4, "*-
D,F" Q) B,D,B4T,HFb 42
BD@(D"<<Z *,H":,6
B@* *,6FH&4,< 8@<">-
*Z G26 P Qq R D.
+F:4 D"2>4P" R4F,: @-
$@D@H@& ,V. *@ 4FH,R,>4b &D,<,>4 TIME <,>\T, D"FN@0*,>4b, JFH">@&:,>>@(@
& BD@P,>H"N B"D"<,HD@< SCERR <,0*J 8@<">*@6 R4F,: @$@D@H@& 4
L"8H4R,F84< R4F:@< @$@D@H@&, >"R4>",HFb ">":42 8@:,$">4b.
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5443 FLUCT%2 (WORD)
A"D"<,HD, @BD,*,:b`V46 @H>@F4-
H,:\>J` <,DJ >"$:`*,>4b 2" 8@-
:,$">4,< R4F,: @$@D@H@& TB4>-
*,:b, >" BD,&ZT,>4, 8@H@D@6
&Z&@*4HFb F@@$V,>4, @$ @T4$8,.
),6FH&J,H & F@FH@b>44 G26.
C"2<,D>@FH\: %.
A"D"<,HD (2>"R,>4, "*D,F" R) B,-
D,B4T,HFb 42 BD@(D"<<Z *,H":,6
B@* *,6FH&4,< 8@<">*Z G26 P Q
Rr D.
)@BJFH4<"b <,D" 8@:,$">4b R4-
F,: @$@D@H@& & BD@P,>H"N @H &Z-
*">>ZN R4F,: @$@D@H@&.
+F:4 B@F:, 2"BJF8" >"$:`*,>4b
2" 8@:,$">4,< "8HJ":\>@(@ R4F:"
@$@D@H@& TB4>*,:b &ZN@*4H 42
@$@4N @$:"FH,6 R4F,: @$@D@H@&, @BD,*,:.>>ZN B"D"<,HD@< FLUCT% 4
FLUCTW, JBD"&:,>4,< 2"B4T,HFb 4>*48"H@D I665 & 1.

5444 FLUCTW2 (WORD)
A"D"<,HD, @BD,*,:b`V46 "$F@:`H>J` <,DJ >"$:`*,>4b 2" 8@:,$">4,< R4F,:
@$@D@H@& TB4>*,:b, >" BD,&ZT,>4, 8@H@D@6 &Z&@*4HFb F@@$V,>4, @$ @T4$8,.
),6FH&J,H & F@FH@b>44 G26.
C"2<,D>@FH\: @$/<4>.
A"D"<,HD (2>"R,>4, "*D,F" D) B,D,B4T,HFb 42 BD@(D"<<Z *,H":,6 B@* *,6FH&4-
,< 8@<">*Z G26 P Q R Dd.
)@BJFH4<"b <,D" 8@:,$">4b R4F,: @$@D@H@& & "$F@:`H>@< 2>"R,>44.
+F:4 B@F:, 2"BJF8" >"$:`*,>4b 2" 8@:,$">4,< "8HJ":\>@(@ R4F:" @$@D@H@&
TB4>*,:b &ZN@*4H 42 @$@4N @$:"FH,6 R4F,: @$@D@H@&, @BD,*,:.>>ZN B"D"<,H-
D@< FLUCT% 4 FLUCTW, JBD"&:,>4,< 2"B4T,HFb 4>*48"H@D I665 & 1.

L 1"<,R">4b: =" D4FJ>8, &4*>" H" @$:"FH\ R4F,: @$@D@H@&, B@ 8@H@D@6 NC JFH">"&-
:4&",H 4>*48"H@D I665. +F:4 2"BD@(D"<<4D@&">>@, R4F:@ @$@D@H@& TB4>*,:b
>"N@*4HFb B@* 2>"R,>4,< "S", B@8"2">>Z< >" D4FJ>8,, H@ &Z&@*4H NC
F@@$V,>4, @$ @T4$8, H@(*", ,F:4 "8HJ":\>@, R4F:@ @$@D@H@& $@:\T, &D,<,>4
1 F,8J>* 0 @$/<4>.
KJ>8P4b >"$:`*,>4b 2" 8@:,$">4,< R4F,: @$@D@H@& *,6FH&J,H H@:\8@ H@(*",
,F:4 TB4>*,:\ @$@DJ*@&"> *"HR48@< (B@:@0,>4, B"D"<,HD" ENCODERS2>0).
7@<">*" R4F,: @$@D@H@&, B@ @H>@T,>4` 8@H@D@6 4*.H >"$:`*,>4, 2" "8HJ":\-
>Z< R4F:@< @$@D@H@&, D"FR4HZ&",HFb F JR.H@< L@DF4D@&84, BD,*,:@& R4F,:
@$@D@H@& @$:"FH4, 4 <"8F4<":\>@(@ R4F:" @$@D@H@& (G92 S_), 2"BD@(D"<<4D@-
&">>@(@ & F@FH@b>44 D"FR.H" B@FH@b>>@6 F8@D@FH4 D,2">4b G96.
="$:`*,>4, 2" 8@:,$">4,< R4F,: @$@D@H@& *,6FH&J,H H@:\8@ & F:JR", G26 4
BD4 &D"V,>44 TB4>*,:b (& F@FH@b>44 M3, 4:4 M4). A@F:, &8:`R,>4b NC BD4-
<,H F@FH@b>4, G26 (I654=0). 1"BD@(D"<<4D@&">4,< G25 J*":b,HFb >"$:`*,>4,
2" 8@:,$">4,<.
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E<@HD4 ,V. (:"&JF >"2&">4,< ="$:`*,>4, 2" 8@:,$">4,< R4F,: @$@D@H@&
TB4>*,:b (G25, G26) & DJ8@&@*FH&, ?B4F"4>, BD@(D"<<4D@&">4b.

5445 N%2 (WORD)
Q4F:@ *:b &Z*"R4 F4(>":" n=nS
(TB4>*,:\ >"$D": @$@D@HZ), @(D"-
>4R4&"`V,, BD@P,>H>@, @H8:@>,-
>4, "8HJ":\>@(@ R4F:" @$@D@H@&
TB4>*,:b @H 2"BD@(D"<<4D@&">-
>@(@.
C"2<,D>@FH\: %.
+F:4 D"2>4P" <,0*J 2"BD@(D"<-
<4D@&">>Z< (S) 4 "8HJ":\>Z<
R4F:@< @$@D@H@& TB4>*,:b B@B"-
*",H &>JHD\ B@:@FZ, @(D">4R,>-
>@6 B"D"<,HD"<4 N%2 4 NW2, J-
BD"&:,>4, 2"B4T,H & 1 4>*48"H@D
I666 n=nS.

5446 NW2 (WORD)
Q4F:@ *:b &Z*"R4 F4(>":" n=nS
(TB4>*,:\ >"$D": @$@D@HZ), @(D">4R4&"`V,, "$F@:`H>@, @H8:@>,>4, "8HJ":\-
>@(@ R4F:" @$@D@H@& TB4>*,:b @H 2"BD@(D"<<4D@&">>@(@.
C"2<,D>@FH\: @$/<4>.
+F:4 D"2>4P" <,0*J 2"BD@(D"<<4D@&">>Z< (S) 4 "8HJ":\>Z< R4F:@< @$@D@H@&
TB4>*,:b B@B"*",H &>JHD\ B@:@FZ, @(D">4R,F>>@6 B"D"<,HD"<4 N%2 4 NW2,
JBD"&:,>4, 2"B4T,H & 14>*48"H@D I666 n=nS.

5447 N0 (WORD)
Q4F:@ @$@D@H@& TB4>*,:b *:b &Z*"R4 F4(>":" n=0 (TB4>*,:\ FH@4H).
C"2<,D>@FH\: @$/<4>.
+F:4 2>"R,>4, "8HJ":\>@(@ R4F:" @$@D@H@& TB4>*,:b B@B"*",H &>JHD\ B@:@FZ,
@(D">4R,>>@6 B"D"<,HD@< N0, JBD"&:,>4,< &Z&@*4HFb F4(>": n=0, H@ ,FH\
2"B4T,H 4>*48"H@D I667 & 1.

L 1"<,R">4b: KJ>8P4b n=nS 4 n=0 *,6FH&J,H H@:\8@ H@(*", ,F:4 TB4>*,:\ @$@DJ*@-
&"> *"HR48@< (B@:@0,>4, B"D"<,HD" ENCODERS2>0).
7@<">*" R4F,: @$@D@H@&, B@ @H>@T,>4` 8@H@D@6 4*.H >"$:`*,>4, 2" "8HJ":\-
>Z< R4F:@< @$@D@H@&, D"FR4HZ&",HFb F JR.H@< L@DF4D@&84, BD,*,:@& R4F,:
@$@D@H@& @$:"FH4, 4 <"8F4<":\>@(@ R4F:" @$@D@H@& (G92 S_), 2"BD@(D"<<4D@-
&">>@(@ & F@FH@b>44 D"FR.H" B@FH@b>>@6 F8@D@FH4 D,2">4b G96.
?$" F4(>":" n=nS 4 n=0 (I666 4 I667) &<,FH, D"&>Z 1 & FH@bR,< F@FH@b>44 TB4>-
*,:b.
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5801 MOVNGAX B@*(DJBB" (BYTE)

580n MOVNGAXn (BYTE), n=1..3
=" HD.N B"D"<,HD"N <@0>@ 2"*"&"H\ >@<,D H"84N HD.N *&40JV4NFb @F,6, BDb-
<@-:4>,6>@FH\ 8@H@DZN >,@$N@*4<@ 8@<B,>F4D@&"H\. ;,0*J >@<,D"<4 @F,6,
2"B4F">>Z<4 >" HD4 B"D"<,HD" (MOVNGAX1, ..., MOVNGAX3) <@(JH $ZH\ 4 4-
*,>H4R>Z,. +F:4 >"BD4<,D @F\ X b&:b,HFb @F\` m1, 4  >,@$N@*4<@ 8@<B,>F4-
D@&"H\ BDb<@:4>,6>@FH\ @F4 X, 2"B4T,< F:,*J`V,,: MOVNGAX1=1.

5821 COMPNAX B@*(DJBB" (BYTE)

582n COMPNAXn (BYTE), n=1..3
A"D"<,HD@< COMPNAXn >J0>@ 2"*"&"H\ >@<,D H@6 @F4, B,D,<,V,>4,< 8@H@-
D@6 N@H,:@F\ $Z 8@<B,>F4D@&"H\ BDb<@:4>,6>@FH\ @F4, &Z*,:.>>@6 B"D"<,H-
D@< MOVNGAXn. +F:4 >"BD4<,D MOVNGAX1=1, 2>"R4H, >J0>@ 8@<B,>F4D@-
&"H\ BDb<@:4>,6>@FH\ @F4 X 4 ̂ H@ >"*@ F@&,DT4H\ & >"BD"&:,>4, @F4 Y,>J0>@
BD4F&@4H\ 2>"R,>4, COMPNAX1=2, BD4 JF:@&44, RH@ @F\ X b&:b,HFb @F\` m1,
*":,, @F\ Y b&:b,HFb @F\` m2.
+F:4 BDb<@:4>,6>@FH\ @F4 X >J0>@ 8@<B,>F4D@&"H\ >"BD4<,D 4  & >"BD"&:,-
>4, @F4 Z, BJFH\ $J*,H MOVNGAX2=1 4 COMPNAX2=3, BD4 JF:@&44, RH@ @F\ Z
b&:b,HFb @F\` m3.
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5841 POINTNMB1 B@*(DJBB" (WORD)

584n POINTNMB1n (WORD), n=1..4
A@Db*8@&Z6 >@<,D 4 TH. bR,6,8 *:b 8@<B,>F"P44 T"(" D,2\$Z (B"D"<,HD
PTCHVALi  F B@Db*8@&Z< >@<,D@< i), BD4>"*:,0"V4N 8 @F4, @BD,*,:.>>@6 B"-
D"<,HD@< MOVNGAX1, H@ ,FH\ H, 8@@D*4>"HZ & D"2<,D>@FH4 >@<,D" bR,684
*:b 8@<B,>F"P44, 8 8@H@DZ< 2>"R,>4b 8@<B,>F"P44 STRGHTVAL1n @H>@FbHFb.

5861 POINTNMB2 B@*(DJBB" (WORD)

586n POINTNMB2n (WORD), n=1..4
A@Db*8@&Z6 >@<,D 4 TH. bR,6,8 *:b 8@<B,>F"P44 T"(" D,2\$Z (B"D"<,HD
PTCHVALj  F B@Db*8@&Z< >@<,D@< j),  BD4>"*:,0"V4N 8 @F4, @BD,*,:.>>@6 B"-
D"<,HD@< MOVNGAX2, H@ ,FH\ H, 8@@D*4>"HZ & D"2<,D>@FH4 >@<,D" bR,684
*:b 8@<B,>F"P44, 8 8@H@DZ< 2>"R,>4b 8@<B,>F"P44 STRGHTVAL2n
@H>@FbHFb..

5881 POINTNMB3 B@*(DJBB" (WORD)

588n POINTNMB3n (WORD), n=1..4
A@Db*8@&Z6 >@<,D 4 TH. bR,6,8 *:b 8@<B,>F"P44 T"(" D,2\$Z (B"D"<,HD
PTCHVALk F B@Db*8@&Z< >@<,D@< k), BD4>"*:,0"V4N 8 @F4, @BD,*,:.>>@6 B"-
D"<,HD@< MOVNGAX3, H@ ,FH\ H, 8@@D*4>"HZ & D"2<,D>@FH4 >@<,D" bR,684
*:b 8@<B,>F"P44, 8 8@H@DZ< 2>"R,>4b 8@<B,>F"P44 STRGHTVAL3n @H>@FbHFb.

5901 STRGHTVAL1 B@*(DJBB" (WORD)

590n STRGHTVAL1n (WORD), n=1..4
Q,HZD, THJ8 2>"R,>46 8@<B,>F"P44, BD4>"*:,0"V4, 8 B@24P4b<, @BD,*,:.>-
>Z< B"D"<,HD"<4 POINTNMB1n n=1...4, @FJV,FH&:b,<Z, JBD"&:,>4,< & *@:\
@F4, 2"*">>@6 B"D"<,HD@< COMPNAX1. 7"0*Z6 D"2, 8@(*" @F\, &Z*,:.>>"b B"-
D"<,HD@< MOVNGAX1 BD@N@*4H R,D,2 (D">4PJ bR,684, >" @F\, 2"*">>J` B"D"-
<,HD@< COMPNAX1 &ZN@*4H B,D,<,V,>4, )s: )s = (STRGVAL12 - STRGVAL11)
/ (POINTNMB12 - POINTNMB11), BD4 JF:@&44, RH@ *&40,HFb & @$:"FH4
POINTNUMB11 4 POINTNUMB12.

5921 STRGHTVAL2 B@*(DJBB" (WORD)

592n STRGHTVAL2n (WORD), n=1..4
Q,HZD, THJ8 2>"R,>46 8@<B,>F"P44, BD4>"*:,0"V4, 8 B@24P4b<, @BD,*,:.>-
>Z< B"D"<,HD"<4 POINTNMB2n n=1...4 @FJV,FH&:b,<Z, JBD"&:,>4,< & *@:\
@F4, 2"*">>@6 B"D"<,HD@< COMPNAX2. 7"0*Z6 D"2, 8@(*" @F\, &Z*,:.>>"b B"-
D"<,HD@< MOVNGAX2  BD@N@*4H R,D,2 (D">4PJ bR,684, >" @F\, 2"*">>J` B"D"-
<,HD@< COMPNAX2 &ZN@*4H B,D,<,V,>4, )s: )s = (STRGVAL22 - STRGVAL21)
/ (POINTNMB22 - POINTNMB21), BD4 JF:@&44, RH@ *&40,HFb & @$:"FH4
POINTNUMB21 4 POINTNUMB22.
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5941 STRGHTVAL3 B@*(DJBB" (WORD)

594n STRGHTVAL3n (WORD), n=1..4
Q,HZD, THJ8 2>"R,>46 8@<B,>F"P44, BD4>"*:,0"V4, 8 B@24P4b<, @BD,*,:.>-
>Z< B"D"<,HD"<4 POINTNMB3n n=1...4 @FJV,FH&:b,<Z, JBD"&:,>4,< & *@:\
@F4, 2"*">>@6 B"D"<,HD@< COMPNAX3. 7"0*Z6 D"2, 8@(*" @F\, &Z*,:.>>"b B"-
D"<,HD@< MOVNGAX3  BD@N@*4H R,D,2 (D">4PJ bR,684, >" @F\, 2"*">>J` B"D"-
<,HD@< COMPNAX3 &ZN@*4H B,D,<,V,>4, )s: )s = (STRGVAL32 - STRGVAL31)
/ (POINTNMB32 - POINTNMB31), BD4 JF:@&44, RH@ *&40,HFb & @$:"FH4
POINTNUMB31 4POINTNUMB32.
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6001 PTCHRFP B@*(DJBB" (WORD)

600n PTCHRFPn (WORD), n=1..8

Q4F:@, 2"B4F">>@, & B"D"<,HD B@8"0,H, RH@ & F:JR", *&40,>4b B@:@04H,:\>@(@ >"-
BD"&:,>4b, 8"8@6 >@<,D 4<,,H B,D&"b bR,68" 8@<B,>F"P44 & B@:@04H,:\>@< >"BD"&-
:,>44 @H D,L,D,>H>@6 H@R84 B@ *">>@6 @F4, FD,*4 &@2<@0>ZN 900 (*":,, B@ 8"8@<J
>@<,DJ 42 B"D"<,HD@& PTCHVAL 2"*">@ 2>"R,>4, 8@<B,>F"P44, @H>@FbV,,Fb 8
bR,68,). 
1>"R4H, 4FN@*b 42 B@8"2">>@(@ >" D4FJ>8, BD4<,D", 4 BD,*B@:@("b, RH@ @F\ X b&:b,H-
Fb L424R,F8@6 @F\` m 1, 4 

PTCHRFP1=100,
H@(*", B,D,<,V"bF\ @H 8@>,R>@(@ B@:@0,>4b @HD4P"H,:\>@(@ >"BD"&:,>4b & B@:@04-
H,:\>@, 8@>,R>@, B@:@0,>4,, 2>"R,>4b 8@<B,>F"P44 $,DJHFb F B"D"<,HD" 8@<B,>F"-
P44 F >@<,D@<

PTCHVAL[100-i], ..., PTCHVAL98, PTCHVAL99, PTCHVAL100, PTCHVAL101,
PTCHVAL102, PTCHVAL103, ..., PTCHVAL[100+j]

B@ B@Db*8J, 8"8 B,D,T"(>JH\ bR,684.
/,:",<@, 2>"R,>4, >J0>@ 2"*"&"H\ B"D"<,HD@< B@ >@<,DJ L424R,F8@6 @F4.



8.11 'DJBB" B"D"<,HD@& PTCHCMP

246

6021 PTCHRFN B@*(DJBB" (WORD)

602n PTCHRFNn (WORD), n=1..8

Q4F:@, 2"B4F">>@, & B"D"<,HD B@8"0,H, RH@ & F:JR", *&40,>4b @HD4P"H,:\>@(@ >"-
BD"&:,>4b, 8"8@6 >@<,D 4<,,H B,D&"b bR,68" 8@<B,>F"P44 & B@:@04H,:\>@< >"BD"&-
:,>44 @H D,L,D,>H>@6 H@R84 B@ *">>@6 @F4, FD,*4 &@2<@0>ZN 900 (*":,, B@ 8"8@<J
>@<,DJ 42 B"D"<,HD@& PTCHVAL 2"*">@ 2>"R,>4, 8@<B,>F"P44, @H>@FbV,,Fb 8
bR,68,). 
1>"R4H, 4FN@*b 42 B@8"2">>@(@ >" D4FJ>8, BD4<,D", 4 BD,*B@:@("b, RH@ @F\ X b&:b,H-
Fb L424R,F8@6 @F\` m 1, 4 

PTCHRFN1=200,
H@(*", B,D,<,V"bF\ @H 8@>,R>@(@ B@:@0,>4b B@:@04H,:\>@(@ >"BD"&:,>4b & @HD4P"-
H,:\>@, 8@>,R>@, B@:@0,>4,, 2>"R,>4b 8@<B,>F"P44 $,DJHFb F B"D"<,HD" 8@<B,>F"-
P44 F >@<,D@< 

PTCHVAL[200+j], ..., PTCHVAL203, PTCHVAL202, PTCHVAL201, PTCHVAL200,
PTCHVAL199, PTCHVAL198, ..., PTCHVAL[200-i]

B@ B@Db*8J, 8"8 B,D,T"(>JH\ bR,684.
/,:",<@, 2>"R,>4, >J0>@ 2"*"&"H\ B"D"<,HD@< B@ >@<,DJ L424R,F8@6 @F4.
L 1"<,R">4,: % F:JR", *&40,>46 B@:@04H,:\>@(@ 4 @HD4P"H,:\>@(@ >"BD"&:,>4b

>, HD,$J,HFb BD4>4<"H\ D"2>Z, 2>"R,>4b 8@<B,>F"P44. +F:4
PTCHRFPn=PTCHRFNn
H@(*" JBD"&:,>4,< JR4HZ&"`HFb H, 0, 2>"R,>4b & @$" >"BD"&:,>4b B@ n->@6
@F4.
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6041 PTCHGRD B@*(DJBB" (WORD)

604n PTCHGRDn (WORD), n=1..8
S4D4>" bR,684 8@<B,>F"P44, H@ ,FH\ B,D,<,V,>4, @F4 <,0*J *&J<b H@R8"<4
8@<B,>F"P44 & D"2<,D>@FH4 << 4:4 *`6<, & 2"&4F4<@FH4 B"D"<,HD" INCH-
DET. /,:",<@, 2>"R,>4, >J0>@ 2"*"&"H\ B"D"<,HD@< B@ >@<,DJ L424R,F8@6
@F4. +F:4 >"BD4<,D PTCHGRD1=10, ^H@ @2>"R",H, RH@ B@ L424R,F8@6 @F4 m 1
T4D4>" bR,684 8@<B,>F"P44 10 <<, BD4 JF:@&44, RH@ INCHDET=0, H@ ,FH\
F4FH,<" <,D <,HD4R,F8"b. 

6061 PTCHEN B@*(DJBB" (BIT)

606n PTCHENn (BIT), n=1..8
C"2D,T,>4, 8@<B,>F"P44 B@ *">>@6 @F4.

0: >,H 8@<B,>F"P44 B@ *">>@6 @F4,
1: ,FH\ 8@<B,>F"P44 B@ *">>@6 @F4.

6081 PTCHVAL B@*(DJBB" (SHORTINT)

6nnn PTCHVALi (SHORTINT), n=081..980, i=1...900
1>"R,>4, 8@<B,>F"P44, @H>@FbV,, 8 bR,68, F *">>Z< >@<,D@< & 4>8D,<,>H,
&Z&@*". A"D"<,HD *@:0,> B@B"FH\ & @$:"FH\ @BD,*,:,>4b –127, ... +127.
A@ D4FJ>8J &4*>@, RH@ BD4 B,D,N@*, R,D,2 (D">4PJ *&JN F@F,*>4N bR,,8, 8 B@:@-
&4>, 2>"R,>4b 8@<B,>F"P44 BD,*Z*JV,6 bR,684 BD4$"&:b,HFb B@:@&4>"
2>"R,>4b 8@<B,>F"P44 B@F:,*J`V,6 bR,684.
?$D"2@&">>Z, H"84< @$D"2@< 2>"R,>4b 8@<B,>F"P44 ":(,$D"4R,F84 F8:"*Z&"-
`HFb @H*,:\>@ B@ @Fb< & @$" >"BD"&:,>4b. ):b FJ<<Z *,6FH&J,H F:,*J`V,, @-
(D">4R,>4, BD,*,:\>@(@ 2>"R,>4b:
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32 BD4&,*,>>@6 &ZT, 2"&4F4<@FH4 &4*>@, RH@ B@ >"BD"&:,>4b< <@0>@ 8@<-
B,>F4D@&"H\ <"8F4<":\>@, D"FFH@b>4, BD4$:424H,:\>@ ±16 <<, BD4 JF:@&44,
RH@ F4FH,<" <,D <,HD4R,F8"b 4 D"2D,T,>4, 0.001<<.

=" D4FJ>8, &ZT, THD4N@&@6 :4>4,6 @H<,R,>@ @H8:@>,>4, @H >@<4>":\>@6 B@24P44.
% bR,68J PTCHVALn B4T,HFb D"2>4P" D"FN@0*,>4b @H >@<4>":\>@(@ D"2<,D",
42<,D,>>@(@ & 8@>P, bR,684 4 & >"R":, bR,684. 
=" D4FJ>8, 04D>@6 FHJB,>R"H@6 :4>4,6 B@8"2">@, RH@ BD4 B,D,N@*, R,D,2 (D">4PJ
*&JN F@F,*>4N bR,,8 8 B@:@&4>, 2>"R,>4b 8@<B,>F"P44 BD,*Z*JV,6 bR,684 BD4$"-
&4HFb B@:@&4>" 2>"R,>4b 8@<B,>F"P44B@F:,*J`V,6 bR,684. ]H4< FB@F@$@< BD4$:4-
24HFb JBD"&:,>4, 8 8D4&@6 B@(D,T>@FH4.
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7001 REFDIS B@*(DJBB" (INTEGER)

700n REFDISn (INTEGER), n=1..8
7009 REFDISS1 (INTEGER)
7010 REFDISS2 (INTEGER)

M@* B@4F8" D,L,D,>H-
>@6 H@R84 B@ @F4 1..8 &
F:JR", BD4.<" D,L,-
D,>H>@6 H@R84 FH">@R-
>@(@ H4B" (MACHINE).
=J0>@ 2"*"&"H\ H@
D"FFH@b>4, BD"&4:\>@
B@ 2>"8J, >" 8@H@D@,
<"8F4<":\>@ <@0,H $ZH\ @H*":,>" *">>"b @F\ @H &8:`R"H,:b D,L,D,>H>@6
H@R84 BD4 2"BJF8, FH">@R>@(@ BD4.<" D,L,D,>H>@6 H@R84. IBD"&:,>4,<
&ZB@:>b,HFb B@4F8 &8:`R"H,:b D,L,D,>H>@6 H@R84 & >"BD"&:,>4,, @BD,*,:.>-
>@< 2>"8@< B"D"<,HD", 4 @04*",H >"$,( >, &8:`R"H,:\ & BD,*,:"N D"FFH@b>4b,
JFH">@&:,>>Z< B"D"<,HD@<. +F:4 F :`$@6 H@R84 @F4 >"*@ J<,H\ 2"BJF8"H\
BD4.< D,L,D,>H>@6 H@R84, >,@$N@*4<@ 2"*"&"H\ *:4>J N@*" @F4. A@F8@:\8J
F4(>": &8:`R,>4b >, BD4N@*4H & BD,*,:"N 2"*">>@(@ D"FFH@b>4b, H@ JBD"&:,>4-
,< &Z&@*4HFb F@@$V,>4, @$ @T4$8, 1100 ... 1170 G?Q7! ?#=I9+=3a t1, (*,
t - :@(4R,F8@, >"2&">4, *">>@6 @F4, >"BD4<,D: X.
C"2<,D>@FH\: 4>8D,<,>H &&@*".
A"D<,HDZ REFDISS1, REFDISS2 >, BD4<,>b`HFb.

7021 REFPOS1 B@*(DJBB" (LONGINT)

702n REFPOS1n (LONGINT), n=1..8
7029 REFPOS1S1 (LONGINT)
7030 REFPOS1S2 (LONGINT)

A@:@0,>4, D,L,D,>H>@6 H@R-
84, BD4>bH@6 >" >J:,&@6 4<-
BJ:\F *"HR48" & FH">@R>@6 F4F-
H,<, 8@@D*4>"H (G53). % BD@-
(D"<<, *,H":,6 B@* *,6FH&4,<
8@<">*Z G28 XI0 YI0 ... JBD"&-
:,>4, FH">@&4HFb & ^HJ H@R8J.
C"2<,D>@FH\:4>8D,<,>H &&@*".
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7041 REFPOS2 B@*(DJBB" (LONGINT)

704n REFPOS2n (LONGINT), n=1..8
7049 REFPOS2S1 (LONGINT)
7050 REFPOS2S2 (LONGINT)

A@:@0,>4, &H@D@6 D,L,D,>H>@6 H@R84 & FH">@R>@6 F4FH,<, 8@@D*4>"H. ]H@ >4-
8"8@(@ @H>@T,>4b >, 4<,,H 8 BD4.<J D,L,D,>H>@6 H@R84, ̂ H4 >,B@*&40>@ &Z-
*,:.>>Z, B@24P44 >" *">>@< FH">8,, >"BD4<,D: <,FH@ F<,>Z B"::,H", 4 H.*. %
BD@(D"<<, *,H":,6 B@* *,6FH&4,< 8@<">*Z G30 P2 XI0 YI0 ... JBD"&:,>4,
FH">@&4HFb & ^HJ H@R8J.
C"2<,D>@FH\:4>8D,<,>H &&@*".

7061 REFPOS3 B@*(DJBB" (LONGINT)

706n REFPOS3n (LONGINT), n=1..8
7069 REFPOS3S1 (LONGINT)
7070 REFPOS3S2 (LONGINT)

A@:@0,>4, HD,H\,6 D,L,D,>H>@6 H@R84 & FH">@R>@6 F4FH,<, 8@@D*4>"H. ]H@
>48"8@(@ @H>@T,>4b >, 4<,,H 8 BD4.<J D,L,D,>H>@6 H@R84, ^H4 >,B@*&40>@
&Z*,:.>>Z, B@24P44 >" *">>@< FH">8,, >"BD4<,D: <,FH@ F<,>Z B"::,H", 4 H.*.
% BD@(D"<<, *,H":,6 B@* *,6FH&4,< 8@<">*Z G30 P3 XI0 YI0 ... JBD"&:,>4,
FH">@&4HFb & ^HJ H@R8J.
C"2<,D>@FH\:4>8D,<,>H &&@*".

7081 REFPOS4 B@*(DJBB" (LONGINT)

708n REFPOS4n (LONGINT), n=1..8
7089 REFPOS4S1 (LONGINT)
7090 REFPOS4S2 (LONGINT)

A@:@0,>4, R,H&.DH@6 D,L,D,>H>@6 H@R84 & FH">@R>@6 F4FH,<, 8@@D*4>"H. ]H@
>48"8@(@ @H>@T,>4b >, 4<,,H 8 BD4.<J D,L,D,>H>@6 H@R84, ^H4 >,B@*&40>@
&Z*,:.>>Z, B@24P44 >" *">>@< FH">8,, >"BD4<,D: <,FH@ F<,>Z B"::,H", 4 H.*.
% BD@(D"<<, *,H":,6 B@* *,6FH&4,< 8@<">*Z G30 P4 XI0 YI0 ... JBD"&:,>4,
FH">@&4HFb & ^HJ H@R8J.
C"2<,D>@FH\:4>8D,<,>H &&@*".

7101 REFRAP B@*(DJBB" (WORD)

710n REFRAPn (WORD), n=1..8
7109 REFRAPS1 (WORD)
7110 REFRAPS2 (WORD)

E8@D@FH\ >"$,(" >" &8:`R"H,:\ D,L,D,>H>@6 H@R84 & F:JR", BD4.<" D,L,D,>H-
>@6 H@R84 FH">@R>@(@ H4B"(MACHINE). )@ BD4.<" D,L,D,>H>@6 H@R84 @$ZR>@
,V. >, 04&JH 8@>,R>Z, B@:@0,>4b BD@(D"<<>@(@ @$,FB,R,>4b, B@^H@<J >"*@
JR,FH\, RH@ & F:JR", >,4FBD"&>@FH4 FJBB@DH" $,2 2"<,*:,>4b F@&,DT4HFb >"$,(
>" "&"D46>@, 8@>,R>@, B@:@0,>4, 4 B,D,* <,N">4R,F84< J*"D@< *@:0>"
@FH">@&4H\Fb.
C"2<,D>@FH\: <</<4>, *`6</<4>, 4:4 °/<4>.
A"D"<,HDZ REFRAPS1, REFRAPS2 >, BD4<,>b`HFb.
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7121 REFEED B@*(DJBB" (WORD)

712n REFEEDn (WORD), n=1..8
7129 REFEEDS1 (WORD)
7130 REFEEDS2 (WORD)

E8@D@FH\ FBJF8" F &8:`R"H,:b D,L,D,>H>@6 H@R84 4 B@4F8 >J:,&@(@ 4<BJ:\F"
& F:JR", FH">@R>@(@ BD4.<" D,L,D,>H>@6 H@R84 (MACHINE), 4 F8@D@FH\ BD4.<"
D,L,D,>H>@6 H@R84 & F:JR", BD4.<" D,L,D,>H>@6 H@R84 B@ F,H@R>Z< H@R8"<
(GRID) 4 F 8@*4D@&8@6 B@ D"FFH@b>4` (DISCODED). M@* <,0*J F@H">@&8@6
B@F:, FBJF8" F &8:`R"H,:b 4 H@R8@6 &8:`R,>4b &8:`R"H,:b *@:0,> $ZH\ >,
$@:\T, 10%–@& D"FFH@b>4b <,0*J *&J<b >J:,&Z<4 4<BJ:\F"<4 (ZERODISn).
):b *@FH40,>4b ^H@(@ BD4>bH@ 8J:"R>@,, RH@

.
C"2<,D>@FH\: <</<4>, *`6</<4>, 4:4 °/<4>.
A"D"<,HD@< REFEEDS1, REFEEDS2 B@:\2J,HFb NC H@(*", ,F:4 B"D"<,HD@< REF-
SHIFTS1, 4:4 REFSHIFTS2 2"*">@ F<,V,>4, D,L,D,>H>@6 H@R84. AD4 ^H@<
2"B4F">>Z< & F@@H&,HFH&J`V46 B"D"<,HD REFEEDSn R4F:@< 2"*".HFb F8@D@FH\
*:b @HT"(">4b F<,V,>4b. 3FH@:8@&">4, F8@D@FH4 F:,*J`V,,:

(*, n: 0,:",4@, R4F:@ @$@D@H@& TB4>*,:b & D"2<,D>@FH4 4

ENCODERS1: D"2D,T,>4, *"HR48" TB4>*,:b
+F:4 >"BD4<,D TB4>*,:\ @$@DJ*@&"> *"HR48@< F D"2D,T,>4,< 1024 4 0,:",<

JFH">@&4H\ R4F:@ @$@D@H@& 3 , BJFH\ $J*,H REFEEDS1=1.
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7141 ZERODIS B@*(DJBB" (WORD)

714n ZERODISn (WORD), n=1..8
7149 ZERODISS1 (WORD)
7150 ZERODISS2 (WORD)

AD@,8P4b >" FJBB@DH D"FFH@b>4b <,0*J *&J<b >J:,&Z<4 4<BJ:\F"<4 & F:JR",
*"HR48" B@&@D@H". 
ED,*>,, D"FFH@b>4, <,0*J 2-<b >J:,&Z<4 4<BJ:\F"<4 & F:JR", 42<,D4H,:\-
>ZN D,,8 F 8@*4D@&8@6 B@ D"FFH@b>4`. % F:JR", 42<,D4H,:\>ZN D,,8 $,2 8@*4-
D@&8@6 B@ D"FFH@b>4`, ,F:4 BD4<,>4H\ FH">@R>Z6 BD4.< D,L,D,>H>@6 H@R84
(MACHINE), H@ *&@6>@, D"FFH@b>4, <,0*J &8:`R"H,:,< D,L,D,>H>@6 H@R84 4
>J:,&Z< 4<BJ:\F@<.
% F:JR", TB4>*,:b & B"D"<,HD ZERODISS1, 2 >"*@ 2"B4F"H\ 2>"R,>4
4*ENCODERS1(2).
C"2<,D>@FH\: 4>8D,<,>H &&@*".

7161 REFSHIFT B@*(DJBB" (INTEGER)

716n REFSHIFTn (INTEGER), n=1..8
7169 REFSHIFTS1 (INTEGER)
7170 REFSHIFTS2 (INTEGER)

E<,V,>4, D,L,D,>H>@6 H@R84.
+F:4 >" FH">8, "$F@:`H>@, <,FH@ FH">@R>@6 D,L,-
D,>H>@6 H@R84 H@R>@ L48F4D@&">@ B@ 8"8@6-H@
BD4R4>,, H@ ^HJ H@R8J <@0>@ JFH">@&4H\ F B@-
<@V\` ̂ H@(@ B"D"<,HD", $,2 L424R,F8@(@ F<,V,-
>4b >J:,&@(@ 4<BJ:\F". A@* *,6FH&4,< ̂ H@(@ B@F-
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:, >"N@0*,>4b >J:,&@(@ 4<BJ:\F" @F\` F@&,DT",HFb N@*, 2"B4F">>Z6 & B"D"<,HD,
BD"&4:\>@ B@ 2>"8J 4 F@ F8@D@FH\` REFEED.

C"2<,D>@FH\ *:b REFSHIFT1..8: 4>8D,<,>H &&@*".
A@ TB4>*,:` B@F:, &ZB@:>,>4b M19 *,6FH&J,H B"D"<,HD REFSHIFTS1,2. C"2-
<,D>@FH\: *,:,>4, *"HR48", H@ ,FH\ 8 B,D,<,V,>4` >" 360°-@& @H>@F4HFb B"D"-
<,HD 4*ENCODERS1(2).

7181 REFDIR B@*(DJBB" (BIT)

718n REFDIRn (BIT), n=1..8
7189 REFDIRS1 (BIT)
7190 REFDIRS2 (BIT)

="BD"&:,>4, FN@*" F &8:`R"H,:b & F:JR", MACHINEn=1, " H"80, >"BD"&:,>4,
B@4F8" >J:,&@(@ 4<BJ:\F" & F:JR", GRIDn=1, 4 DISCODEDn=1.
0: EN@* F &8:`R"H,:b 4<,,H @HD4P"H,:\>@, >"BD"&:,>4,,
1: EN@* F &8:`R"H,:b 4<,,H B@:@04H,:\>@, >"BD"&:,>4,.

7201 ZPULS B@*(DJBB" (BIT)

720n ZPULSn (BIT), n=1..8
7209 ZPULSS1 (BIT)
7210 ZPULSS2 (BIT)

EH">@R>Z6 BD4.< D,L,D,>H>@6 H@R84 (MACHINE=1) F >J:,&Z< 4<BJ:\F@< 4:4
$,2 >,(@.
0: 7@>,P BD4.<" D,L,D,>H>@6 H@R84 BD4 *,H,8H4D@&">44 FN@*" F &8:`R"H,:b,
1: 7@>,P BD4.<" D,L,D,>H>@6 H@R84 B@F:, FN@*" F &8:`R"H,:b BD4 *,H,8H4D@-

&">44 >J:,&@(@ 4<BJ:\F".

7221 SWLENGTH B@*(DJBB" (DWORD)

722n SWLENGTHn (DWORD), n=1..8
7229 SWLENGTHS1 (DWORD)
7230 SWLENGTHS2 (DWORD)

):4>" &8:`R"H,:b D,L,D,>H>@6 H@R84. +F:4 B@F:, >"$,(" >" &8:`R"H,:\ FJB-
B@DH@< @HT"(",HFb 2"*">>@, 2*,F\ D"FFH@b>4, 4 F4(>": &8:`R,>4b >, BD,8D"-
V",HFb, JBD"&:,>4,< &Z&@*4HFb F@@$V,>4, @$ @T4$8, 1101 ... 1171 G?Q7!
?#=I9+=3a t2.
C"2<,D>@FH\: 4>8D,<,>H &&@*".

7241 SWSHIFT B@*(DJBB" (DWORD)

724n SWSHIFTn (DWORD), n=1..8
7249 SWSHIFTS1 (DWORD)
7250 SWSHIFTS2 (DWORD)

E<,V,>4, &8:`R"H,:b D,L,D,>H>@6 H@R84 2"*".HFb & 4>8D,<,>H, &&@*" & F:J-
R", FH">@R>@(@ BD4.<" D,L,D,>H>@6 H@R84 (MACHINE). A@F:, F@&,DT,>4b
N@*", 2"*">>@(@ B"D"<,HD@<, >"R4>",HFb B@4F8 >J:,&@(@ 4<BJ:\F". ]H@ D"FFH@-
b>4, @HT"(",HFb JBD"&:,>4,< F@ F8@D@FH\` REFRAPn. 
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]H@H B"D"<,HD HD,$J,HFb H@(*", ,F:4 >J:,&@6 4<BJ:\F $:428@ D"FB@:@0,> 8
&8:`R"H,:` D,L,D,>H>@6 H@R84 4 <@0>@ @B"F"H\Fb, RH@ B@ BD4R4>, >,@BD,*,-
:.>>@FH4 &8:`R,>4b JR4HZ&",HFb H@ ^H@H >J:,&@6 4<BJ:\F *:b BD4.<" D,L,-
D,>H>@6 H@R84, H@ F:,*J`V46. 1" 42:@0,>>Z, &ZT, "&H@<"H4R,F84 F:,*4H
JBD"&:,>4,.

+F:4 B@F:, FN@*" F &8:`R"H,:b >J:,&@6 4<BJ:\F BD4N@*4H & BD,*,:"N D"FFH@b-
>4b SWSHIFTn+¼ZERODISn JBD"&:,>4,< &Z&@*4HFb F@@$V,>4, @$ @T4$8,
1104 ... 1174 G?Q7! ?#=I9+=3a t5.

+F:4 B@F:, FN@*" F &8:`R"H,:b >J:,&@6 4<BJ:\F BD4N@*4H &>, BD,*,:@& D"FFH@-
b>4b SWSHIFTn+¾ZERODISn JBD"&:,>4,< &Z&@*4HFb F@@$V,>4, @$ @T4$8,
1102 ... 1172 G?Q7! ?#=I9+=3a t3.
% F:JR", BD4.<" D,L,D,>H>@6 H@R84 F 8@*4D@&8@6 B@ D"FFH@b>4` 2"B4F">>@,
F`*" R4F:@ B@8"0,H, RH@ F&ZV, 8"8@(@ B,D,<,V,>4b, 42<,D,>>@(@ & 4>8D,-
<,>H, &&@*" BD42>".HFb D"2:4R>Z<4 *&" >J:,&@(@ 4<BJ:\F".



8.12 'DJBB" B"D"<,HD@& REFPAR

255

7261 REFTYPE1 B@*(DJBB" (BIT)

7261 MACHINE1 (BIT)
7262 FLOAT1 (BIT)
7263 GRID1 (BIT)
7264 DISCODED1 (BIT)

):b H@(@ H4B", 8@H@DZ6 0,:",< &Z$D"H\, 2"B4F"H\ 1.

7281 REFTYPE2 B@*(DJBB" (BIT)

7281 MACHINE2 (BIT)
7282 FLOAT2 (BIT)
7283 GRID2 (BIT)
7284 DISCODED2 (BIT)

):b H@(@ H4B", 8@H@DZ6 0,:",< &Z$D"H\, 2"B4F"H\ 1.

7301 REFTYPE3 B@*(DJBB" (BIT)

7301 MACHINE3 (BIT)
7302 FLOAT3 (BIT)
7303 GRID3 (BIT)
7304 DISCODED3 (BIT)

):b H@(@ H4B", 8@H@DZ6 0,:",< &Z$D"H\, 2"B4F"H\ 1.

7321 REFTYPE4 B@*(DJBB" (BIT)

7321 MACHINE4 (BIT)
7322 FLOAT4 (BIT)
7323 GRID4 (BIT)
7324 DISCODED4 (BIT)

):b H@(@ H4B", 8@H@DZ6 0,:",< &Z$D"H\, 2"B4F"H\ 1.

7341 REFTYPE5 B@*(DJBB" (BIT)

7341 MACHINE5 (BIT)
7342 FLOAT5 (BIT)
7343 GRID5 (BIT)
7344 DISCODED5 (BIT)

):b H@(@ H4B", 8@H@DZ6 0,:",< &Z$D"H\, 2"B4F"H\ 1.

7361 REFTYPE6 B@*(DJBB" (BIT)

7361 MACHINE6 (BIT)
7362 FLOAT6 (BIT)
7363 GRID6 (BIT)
7364 DISCODED6 (BIT)

):b H@(@ H4B", 8@H@DZ6 0,:",< &Z$D"H\, 2"B4F"H\ 1
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7811 REFTYPE7 B@*(DJBB" (BIT)

7811 MACHINE7 (BIT)
7812 FLOAT7 (BIT)
7813 GRID7 (BIT)
7814 DISCODED7 (BIT)

):b H@(@ H4B", 8@H@DZ6 0,:",< &Z$D"H\, 2"B4F"H\ 1.

7401 REFTYPE8 B@*(DJBB" (BIT)

7401 MACHINE8 (BIT)
7402 FLOAT8 (BIT)
7403 GRID8 (BIT)
7404 DISCODED8 (BIT)

):b H@(@ H4B", 8@H@DZ6 0,:",< &Z$D"H\, 2"B4F"H\ 1

7421 BASDIST B@*(DJBB" (WORD)

724n BASDISTn (WORD) n=1..8
E:,*J,H 2"*"&"H\ BD4
42<,D4H,:\>@6 D,684 F
8@*4D@&8@6 D"FFH@b-
>4b. 1>"R,>4, B"D"<,H-
D": D"FFH@b>4, L48F4-
D@&">>ZN >J:,&ZN 4<-
BJ:\F@& & 2"&4F4<@FH4
@H B,D4@*" F4(>":" 42-
<,D4H,:\>@6 D,684.

G4B Heidenhain C"FFH@b>4, L48F4D@&">-
>ZN >J:,&ZN 4<BJ:\F@& &

<<-"N

A,D4@* F4(>":" 42<,D4-
H,:\>@6 D,684 & <<-"N

BASDISTn

LF 20 << 0.004 << 20/0.004=5000

LS 20 << 0.020 << 20/0.020=1000

LB 80 << 0.040 << 80/0.040=2000
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8001 MEASDIST B@*(DJBB" (LONGINT)

8001 RAPDIST (LONGINT) AD4<,>4< H@:\8@ & &,DF44 LD,2,D>@(@ FH">8"
% 8@<">*, G37 Zq &ZR4H",HFb
D"FFH@b>4,, 2"*">>@, B"D"<,HD@<
42 8@@D*4>"HZ 8@>,R>@6 H@R84 (q
- RAPDIST), 4 @F\` *@ ^H@(@ 2>"
R,>4b F@&,DT",HFb $ZFHDZ6 N@*.
1>"R,>4, 4FH@:8@&">@ & 4>8D,-
<,>H, &&@*".

8002 ALADIST (LONGINT)
AD4<,>4< H@:\8@ & &,DF44 LD,2,D>@-
(@ FH">8"

+F:4 F4(>": VJB" >, @VJV",HFb
& @8DJ0>@FH4 F D"*4JF@<, 2"*">-
>Z< B"D"<,HD@<, 42<,D,>>Z< @H
8@>,R>@6 H@R84, 2"BD@(D"<<4D@&">>@6 & 8@<">*, G37 Zq, H@ ,FH\, ,F:4
*Q)q*>ALADIST, H@(*" &Z&@*4HFb F@@$V,>4, @$ @T4$8, 3103 %=+ AC+)+9!.

8001 RAPDISTX (LONGINT) AD4<,>4< H@:\8@ & &,DF44 H@8"D>@(@ FH">8"
% 8@<">*, G36 Xq &ZR4H",HFb D"FFH@b>4,, 2"*">>@, B"D"<,HD@< 42 8@@D*4>"HZ
8@>,R>@6 H@R84 (q - RAPDIST), 4 @F\` *@ ̂ H@(@ 2>"R,>4b F@&,DT",HFb $ZFHDZ6
N@*. 1>"R,>4, 4FH@:8@&">@ & 4>8D,<,>H, &&@*".

8002 ALADISTX LONGINT) AD4<,>4< H@:\8@ & &,DF44 H@8"D>@(@ FH">8"
+F:4 F4(>": VJB" >, @VJV",HFb & @8DJ0>@FH4 F D"*4JF@<, 2"*">>Z< B"D"<,H-
D@<, 42<,D,>>Z< @H 8@>,R>@6 H@R84, 2"BD@(D"<<4D@&">>@6 & 8@<">*, G36 Xq
H@ ,FH\, ,F:4 *Q)q*>ALADIST H@(*" &Z&@*4HFb F@@$V,>4, @$ @T4$8, 3103 %=+
AC+)+9!.

8003 RAPDISTZ (LONGINT) AD4<,>4< H@:\8@ & &,DF44 H@8"D>@(@ FH">8"
% 8@<">*, G37 Zq &ZR4H",HFb D"FFH@b>4,, 2"*">>@, B"D"<,HD@< 42 8@@D*4>"HZ
8@>,R>@6 H@R84 (q - RAPDIST), 4 @F\` *@ ̂ H@(@ 2>"R,>4b F@&,DT",HFb $ZFHDZ6
N@*. 1>"R,>4, 4FH@:8@&">@ & 4>8D,<,>H, &&@*".

8004 ALADISTZ (LONGINT) AD4<,>4< H@:\8@ & &,DF44 H@8"D>@(@ FH">8"
+F:4 F4(>": VJB" >, @VJV",HFb & @8DJ0>@FH4 F D"*4JF@<, 2"*">>Z< B"D"<,H-
D@<, 42<,D,>>Z< @H 8@>,R>@6 H@R84, 2"BD@(D"<<4D@&">>@6 & 8@<">*, G37 Zq
H@ ,FH\, ,F:4 *Q)q*>ALADIST H@(*" &Z&@*4HFb F@@$V,>4, @$ @T4$8, 3103 %=+
AC+)+9!.

8021 MEASFD B@*(DJBB" (WORD)

8021 G31FD (WORD)
A@*"R", 4FB@:\2@&">>"b BD4 &ZB@:>,>44 8@<">*Z G31, 4FH@:8Jb B@ &F,6 F4F-
H,<, 42<,D,>4b &Z&@*". +F:4 =1, ^H@ @2>"b",H 1<</<4>, 4:4 1*`6</<4>.



8.13 'DJBB" B"D"<,HD@& MEASURE

258

8022 G37FD (WORD)
A@*"R", 4FB@:\2@&">>"b BD4 &ZB@:>,>44 8@<">*Z G37 (& JBD"&:,>44 H@8"D-
>Z< FH"8@< G36 4 G37), 4FH@:8Jb B@ &F,6 F4FH,<, 42<,D,>4b &Z&@*". +F:4 =1
^H@ @2>"b",H 1<</<4>, 4:4 1 *`6</<4>.
E8@D@FH\ FJBB@DH@& BD4 >"0"H44 8:"&4T B,D,<,V,>4b @F4 & JBD"&:,>44 H@-
8"D>Z< FH">8@<, BD4 4FB@:\2@&">44 "8H4&>@(@ 42<,D4H,:b,&@ &8:`R,>>@< F@-
FH@b>44 LJ>8P44 "&H@<"H4R,F8@(@ 2"<,D" *:4>Z 4>FHDJ<,>H" (Y426=1).

8023 BCKDIST (WORD)
=, BD4<,>b,HFb.

8041 MEASCS B@*(DJBB" (BYTE)

8041 G31BIT (BYTE)
A"D"<,HD B@8"0,H, RH@ F4(>": VJB", @H>@FbV46 8 LJ>8P44 G31, & 8"8@6 H@R8,
D"2X.<" C1 8"DHZ CPU BD4N@*4H. 1>"R,>4, B"D"<,HD" 4 F@@H&,HFH&4, B@*8:`-
R,>4b D"2X.<" F:,*J`V,,:

G31BIT=0)P1/1; P1/9
G31BIT=1)P1/2; P1/10
G31BIT=2)P1/3; P1/11
G31BIT=3)P1/4; P1/12

]H4< B"D"<,HD@< B@*$2J,HFb BD,*:@0,>4, G31 H@:\8@ H@(*", ,F:4 >, 2"B@:>,>
"*D,F P. +F:4 *", 2>"R,>4, P D"2<,H4H, RH@ F 8"8@(@ &&@*" VJB" BD4>4<",H
F4(>":, >,2"&4F4<@ @H B@:@0,>4b B"D"<,HD" G31BIT:

G31... P1=P1/1; P1/9
G31... P2=P1/2; P1/10
G31... P2=P1/3; P1/11
G31... P4=P1/4; P1/12

8042 G37BIT (BYTE)
A"D"<,HD B@8"0,H, RH@ F4(>": VJB", @H>@FbV46 8 LJ>8P44 G36, G37, & 8"8@6
H@R8, D"2X.<" C1 8"DHZ CPU BD4N@*4H. 1>"R,>4, B"D"<,HD" 4 F@@H&,HFH&4,
B@*8:`R,>4b D"2X.<" F:,*J`V,,:

G37BIT=0)P1/1; P1/9
G37BIT=1)P1/2; P1/10
G37BIT=2)P1/3; P1/11
G37BIT=3)P1/4; P1/12

8043 SKIPCS (BYTE)
=, BD4<,>b,HFb.

8061 MEAS B@*(DJBB" (BIT)

8061 UPG31 (BIT)
=, BD4<,>b,HFb.

8062 UPG37 (BIT)
=, BD4<,>b,HFb.
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8063 SKIPF (BIT)
+F:4 =0, B@*"R" BD,*:@0,>4b G31 $,D.HFb 42 BD@(D"<<Z. 
+F:4 =1, B@*"R" BD,*:@0,>4b G31 $,D.HFb F B"D"<,HD" G31FD.
+F:4 4FB@:\2J,< BD@(D"<<Z 42<,D,>4b 4 *4(4H":42"P44 NCT, ^H@H B"D"<,HD
F:,*J,H 2"B4F"H\ & 0.

8064 ADD (BIT)
+F:4 =0, 42<,D,>>@, 2>"R,>4, &ZR4H",HFb,
,F:4 =1, 42<,D,>>@, 2>"R,>4, BD4$"&4HFb 8 "8HJ":\>@<J 2>"R,>4` 42>@F" &
P48:, G36, G37.

8081 CONTACT B@*(DJBB" (LONGINT)AD4<,>4< H@:\8@ & &,DF44 H@8"D>@(@ FH">8"

8081 CONTACTX+ (LONGINT)
8082 CONTACTX– (LONGINT)
8083 CONTACTZ+ (LONGINT)
8084 CONTACTZ– (LONGINT)

A"D"<,HD, 2"*"`V46 B@:@0,>4, 8:"&4T D"2:4R>@(@ >"BD"&:,>4b "8H4&>@(@
42<,D4H,:b, BD4 "&H@<"H4R,F8@< 2"<,D, *:4>Z 4>FHDJ<,>H". C"FFH@b>4, 8:"-
&4T <@0>@ BD4D"&>4&"H\ (2"<,DbH\) 8 F4FH,<, 8@@D*4>"H, 2"8D,B:.>>@6 8
B"HD@>J, " H"80, 8 D,L,D,>H>@6 H@R84.
%@ &8:`R,>>@< F@FH@b>44 LJ>8P44 "&H@<"H4R,F8@(@ 2"<,D" *:4>Z 4>FHDJ<,>-
H" (Y426=1), *:b @BD,*,:,>4b 8@DD,8P44 *:4>Z F@@H&,HFH&J`V,(@ >"BD"&:,>4b
NC JR4HZ&",H B"D"<,HD, @H>@FbV,(@ 8 4>*48"H@DJ B@* *,6FH&4,< 4>*48"H@D@&
Y580, ..., Y583, B@FHJB"`V4N @H PLC. E@BDb0,>4, 4>*48"H@D@& 4 B"D"<,HD@&:

Y580 ) CONTACTX+
Y581 ) CONTACTX–
Y582 ) CONTACTZ+
Y583 ) CONTACTZ–
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8.14 'DJBB" B"D"<,HD@& MACRO

9001 TIMERS B@*(DJBB" (DWORD)

9001 POWERON1 (DWORD)
<F,8–&"b R"FH\ 42<,D4H,:b &D,<,>4 ^8FB:J"H"P44 >" 32 $4H".

9002 POWERON2 (DWORD)
<4>JH>"b R"FH\ 42<,D4H,:b &D,<,>4 ^8FB:J"H"P44 >" 32 $4H".

L A"D"<,HDZ POWERON1 4 POWERON2 BD4<JH 2>"R,>4, FHD@84 %C+;a ]7EA9I!-
G!O33 42@$D"0,>4b ̂ 8D">" EQ-GQ37 %C+;+=3/1!'?G?%73 <,>` LJ>8-
P44 IEG!=?%73.

9003 OPERAT1 (DWORD)
<F,8–&"b R"FH\ FR.HR48" &D,<,>4 & D,04<, !%G?;!G >" 32 $4H".

9004 OPERAT2 (DWORD)
<4>JH>"b R"FH\ FR.HR48" &D,<,>4 & D,04<, !%G?;!G >" 32 $4H".

L A"D"<,HDZ OPERAT1 4 OPERAT2 BD4<JH 2>"R,>4, FHD@84 %C+;a !%G?;!G! 42-
@$D"0,>4b ^8D">" EQ-GQ37 %C+;+=3/1!'?G?%73 <,>` LJ>8P44
IEG!=?%73.

9005 CUTTING1 (DWORD)
<F,8–&"b R"FH\ 42<,D4H,:b &D,<,>4 H@R,>4b >" 32 $4H".

9006 CUTTING2 (DWORD)
<4>JH>"b R"FH\ 42<,D4H,:b &D,<,>4 H@R,>4b >" 32 $4H". ;@0>@ 2"BD@F4H\ 4
R,D,2 <"8D@B,D,<,>>@6 #3002.

L A"D"<,HDZ CUTTING1 4 CUTTING2 BD4<JH 2>"R,>4, FHD@84 '9!%=?+ %C+;a 42-
@$D"0,>4b ̂ 8D">" EQ-GQ37 %C+;+=3/1!'?G?%73 <,>` LJ>8P44 IEG!-
=?%73.

9007 FREEPUR1 (DWORD)
<F,8–&"b R"FH\ 42<,D4H,:b &D,<,>4 F&@$@*>@(@ BD4<,>,>4b >" 32 $4H".

9008 FREEPUR2 (DWORD)
<4>JH>"b R"FH\ 42<,D4H,:b &D,<,>4 F&@$@*>@(@ BD4<,>,>4b >" 32 $4H".

L A"D"<,HDZ FREEPUR1 4 FREEPUR2 BD4<JH 2>"R,>4, FHD@84 E%?#?)=?+ AC3-
;+=+=3+ 42@$D"0,>4b ^8D">" EQ-GQ37 %C+;+=3/1!'?G?%73 <,>`
LJ>8P44 IEG!=?%73.

9021 COUNTERS B@*(DJBB" (DWORD)

9021 PRTTOTAL (DWORD)
ER.HR48 >" 32 $4H" *:b B@*FR.H" &F,N 2"8@>R,>>ZN 2"(@H@&@8. ;@0>@ 2"BD@-
F4H\ R,D,2 <"8D@B,D,<,>>@6 #3901. +F:4 B"D"<,HD PRTCNTM D"&,> =0, 8 2>"R,-
>4` FR.HR48" BD4$"&4H 1 8"0*"b 8@<">*" M02, 4:4 M30, ,F:4 B"D"<,HD
PRTCNTM >0, 2"B4F">>@, & B"D"<,HD 8@*" M J&,:4R4&",H F@*,D0">4, FR.HR4-
8".

L A"D"<,HD PRTTOTAL BD4<,H 2>"R,>4, FHD@84 %E+ ?#C!#?G!==Y+ 42@$D"0,-
>4b ̂ 8D">" EQ-GQ37 %C+;+=3/1!'?G?%73 <,>` LJ>8P44 IEG!=?%73.
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9022 PRTCOUNT (DWORD)
ER.HR48 >" 32 $4H"; 8@:4R,FH&@ @$D"$@H">>ZN 2"(@H@&@8 F,D44. +F:4 B"D"<,HD
PRTCNTM D"&,> =0, 8 2>"R,>4` FR.HR48" BD4$"&4H 1 8"0*"b 8@<">*" M02, 4:4
M30, ,F:4 B"D"<,HD PRTCNTM >0, 2"B4F">>@, & B"D"<,HD 8@*" M J&,:4R4&",H
F@*,D0">4, FR.HR48".

L A"D"<,HD PRTCOUNT BD4<,H 2>"R,>4, FHD@84 ?#C!#?G!==Y+ 42@$D"0,>4b ̂ 8-
D">" EQ-GQ37 %C+;+=3/1!'?G?%73 <,>` LJ>8P44 IEG!=?%73.

9023 PRTREQRD (DWORD)
ER.HR48 >" 32 $4H"; 8@:4R,FH&@ @$D"$@HZ&",<ZN 2"(@H@&@8 F,D44. ;@0>@ 2"-
BD@F4H\ R,D,2 <"8D@B,D,<,>>@6 #3902.

L A"D"<,HD PRTREQRD BD4<,H 2>"R,>4, FHD@84 ?#C!#!GY%!+;Y+ 42@$D"0,>4b
^8D">" EQ-GQ37 %C+;+=3/1!'?G?%73 <,>` LJ>8P44 IEG!=?%73.

9024 PRTCNTM (DWORD)
=0: 8 2>"R,>4` FR.HR48" PRTTOTAL 4 PRTCOUNT (%E+ ?#C!#?G!==Y+ 4

?#C!#?G!==Y+) BD4$"&4H 1 8"0*"b M2 4 M30,
>, 0: H@H 8@* M, 8@H@DZ6 F*&4(",H FR.HR484 8@:4R,FH&".

9041 GMACRO B@*(DJBB" (INTEGER)

9041 G(9010)
A@:\2@&"H,:\F846 8@* G, &Z2Z&"`V46 <"8D@8@<">*J F >@<,D@< O9010.

9042 G(9011)
A@:\2@&"H,:\F846 8@* G, &Z2Z&"`V46 <"8D@8@<">*J F >@<,D@< O9011.
.
.

9050 G(9019)
A@:\2@&"H,:\F846 8@* G, &Z2Z&"`V46 <"8D@8@<">*J F >@<,D@< O9019.
% B"D"<,HD <@0>@ 2"B4F"H\ R4F:,>>Z, 2>"R,>4b & BD,*,:"N @H –1000 *@ (+)1000
(–1000, –999, –1, 0, 1, 999, 1000). +F:4 & B"D"<,HD 2"B4F">@ @HD4P"H,:\>@, R4F:@,
H@(*" &Z2@& &Z*,:.>>@6 >" 8@* G <"8D@8@<">*Z >"F:,*FH&,>>Z6. G@, RH@ &Z-
2@&$J*,H H4B" G66, 4:4 G66.1, D,T",HFb B@:@0,>4,< B"D"<,HD" MODGEQU.
+F:4 & B"D"<,HD 2"B4F">@ 1000, 4:4 –1000, F@@H&,HFH&J`V"b B@ >@<,DJ
BD@(D"<<" &Z2Z&",HFb >" 8@* G0. +F:4 & F@@H&,HFH&J`VZ6 B"B"D<,HD
2"B4F"H\ 0, H@(*" HJ BD@(D"<<J >, &Z2Z&",H 8@* G.

9061 MMACRO B@*(DJBB" (WORD)

9061 M(9020)
A@:\2@&"H,:\F846 8@* ;, &Z2Z&"`V46 <"8D@8@<">*J F >@<,D@< O9020.

9062 M(9021)
A@:\2@&"H,:\F846 8@* ;, &Z2Z&"`V46 <"8D@8@<">*J F >@<,D@< O9021.
.
.

9070 M(9029)
A@:\2@&"H,:\F846 8@* ;, &Z2Z&"`V46 <"8D@8@<">*J F >@<,D@< O9029.
1" B"D"<,HD@< F:J*J,H HD.N2>"R>@, R4F:@ >, $@:,, F BD,*,:\>Z< 2>"R,>4,<
1-999. 1>"R,>4, B"D"<,HD" @2>"R",H: &Z*,:b,H H@H 8@* M, 8@H@DZ6 &Z2Z&",H
<"8D@8@<">*J F >@<,D@<, J8"2">>Z< & "*D,F, B"D"<,HD". 
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="BD4<,D; ,F:4 2>"R,>4, B"D"<,HD" M(9020) D"&>@: 8, H@(*" 8@<">*" M08 &Z-
B@:>b,H <"8D@8@<">*J F >@<,D@< O9020.

 L 1"<,R">4,: ;"8D@&Z2@& B@ &Z*,:.>>@<J H"84< @$D"2@< 8@*J M B,D,*".H &F, "*-
D,F", 4<,`V4,Fb & BD,*:@0,>44 & 8"R,FH&, "D(J<,>H" 8@DBJFJ <"8D@8@<">*
R,D,2 <"8D@B,D,<,>>Z, #1, ... #33. A@^H@<J, ,F:4 >,H >"*@$>@FH4 B,D,*"R4-
BD4.<" "D(J<,>H@&, >"*@ &Z*,:4H\ LJ>8P4` M *:b &Z2@&" B@*BD@(D"<<, &
BD@H4&@< F:JR", <@0,H >"FHJB4H\ >,0*">>"b D"$@H". E<@HD4 ,V. B"D"<,HDZ
MSUBPRG.

9081 MSUBPRG B@*(DJBB" (WORD)

9081 M(9000)
A@:\2@&"H,:\F846 8@* ;, &Z2Z&"`V46 B@*BD@(D"<<J F >@<,D@< O9000.

9082 M(9001)
A@:\2@&"H,:\F846 8@* ;, &Z2Z&"`V46 B@*BD@(D"<<J F >@<,D@< O9001.
.
.

9090 M(9009)
A@:\2@&"H,:\F846 8@* ;, &Z2Z&"`V46 B@*BD@(D"<<J F >@<,D@< O9009.
1" B"D"<,HD@< F:J*J,H HD.N2>"R>@, R4F:@ >, $@:,, F BD,*,:\>Z< 2>"R,>4,<
1-999. 1>"R,>4, B"D"<,HD" @2>"R",H: &Z*,:b,H H@H 8@* M, 8@H@DZ6 &Z2Z&",H
B@*BD@(D"<<J F >@<,D@<, J8"2">>Z< & "*D,F, B"D"<,HD".
="BD4<,D; ,F:4 2>"R,>4, B"D"<,HD" M(9000) D"&>@: 8, H@(*" 8@<">*" M08 &Z-

B@:>b,H B@*BD@(D"<<J F >@<,D@< O9000.
 L 1"<,R">4,: A"D"<,HD MMACRO @$,FB,R4&",H B@*@$>J` LJ>8P4`, H"84< @H:4R4-

,<, RH@ BD4 &Z2@&, <"8D@8@<">* &@2<@0>@ 4 B,D,*"R" B"D"<,HD" &Z2&">>@6
BD@(D"<<,.

9101 WRPROT B@*(DJBB" (WORD)

9101 WRPROT1 (WORD)
9102 WRPROT2 (WORD)

;"8D@B,D,<,>>Z, @H #500 *@ #599 <@0>@ BD,&D"H4H\ & 2"V4V.>>Z, @H 2"B4F4
F B@<@V\` B"D"<,HD@& WRPROT1 4 WRPROT2. % B"D"<,HD WRPROT1 >"*@
2"B4F"H\ BD,&Z6 ^:,<,>H 2"V4V",<@(@ $:@8", " & B"D"<,HD WRPROT2 -
B@F:,*>46 ^:,<,>H, @$b&:,>>Z6 2"V4V.>>Z<.
="BD4<,D; ,F:4 0,:",< BD,&D"H4H\ & 2"V4V.>>Z, @H 2"B4F4 B,D,<,>>Z, @H

#530 *@ #540, H@(*" B"D"<,HDZ >"*@ JFH">@&4H\ & WRPROT1=530 4 WR-
PROT2=540. +F:4 B@F:, ^H@(@ 42 BD@(D"<<Z 0,:",< 42<,>4H\ :`$@6
42 2"V4V.>>ZN B,D,<,>>ZN, JBD"&:,>4,< &Z&@*4HFb F@@$V,>4, @$
@T4$8, 3090 # 1!A3E[ 1!AC+U-=.
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9121 ABCST B@*(DJBB" (BIT)

9121 A(9030) (BIT)
9122 B(9031) (BIT)
9123 C(9032) (BIT)
9124 S(9033) (BIT)
9125 T(9034) (BIT)

+F:4 B@F:, B"D"<,HD" FH@4H 1, F@@H&,HFH&J`V46 "*D,F @$D"2@&Z&",H &Z2@&
B@*BD@(D"<<Z F >@<,D@<, J8"2">>Z< & F8@$8"N. % B@*BD@(D"<<J B,D,*"`HFb
4 2>"R,>4b &Z2Z&"`V,(@ "*D,F" R,D,2 F:,*J`V4, (:@$":\>Z, B,D,<,>>Z,:

A ) #195
B ) #196
C ) #197
S ) #198
T ) #199

9126 FGMAC (BIT)
 SQ %Z2@& B@:\2@&"H,:\F8@(@ 8@*" G, &Z2&">>@(@ 42 B@:\2@&"H,:\F8@(@ &Z2@&"

M, S, T, A, B, C, " H"80,,
 SQ B@:\2@&"H,:\F846 &Z2@& M, S, T, A, B, C, 4FN@*bV46 42 B@:\2@&"H,:\F8@(@

&Z2@&" G D"2D,T.>, >,2"&4F4<@ @H B@:@0,>4b B"D"<,HD" FGMAC.
0: >, D"2D,T.> (&ZB@:>b`HFb 8"8 @$ZR>Z, 8@*Z M, S, ... G),
1: D"2D,T.>.

="BD4<,D: BJFH\ $J*,H 
G101 B@:\2@&"H,:\F84< 8@*@< G: 9042 G(9011)=101; 
 M06 B@:\2@&"H,:\F84< 8@*@< M 4 BJFH\ &Z2@&.H B@*BD@(D"<<J: 9081
M(9000)=6.
+F:4 & BD@(D"<<, O9011 &Z2&"H\ LJ>8P4` M6, BD@4FN@*4H F:,*J`V,,:

FGMAC=0
%O9011(G101)
...
M06 (8@* 06 B,D,*".H *:b PLC)
...
M99
%

FGMAC=1
%O9011(G101)
...
M06 (&Z2Z&",H B@*BD@(D"<<J O9081)
...
M99
%
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9127 SMSDIS (BIT)
0: BD4 B@4F8, BD,*:@0,>4b BD@R4HZ&",H & F4FH,<>Z, <"8D@8@<">*Z & BD,*,-

:"N @H O9000 *@ O9034 4 F@$4D.H >,@$N@*4<Z, B,D,<,V,>4b 4 LJ>8P44.
1: BD4 B@4F8, BD,*:@0,>4b >, BD@R4HZ&",H & F4FH,<>Z, <"8D@8@<">*Z &

BD,*,:"N @H O9000 *@ O9034 4 >, F@$4D.H >48"84N B,D,<,V,>46 4 LJ>8-
P46.

AD4<,D: BJFH\ $J*,H &Z*,:.> "*D,F B *:b &Z2@&" B@*BD@(D"<<Z: 9122 B(9031)=1.
AJFH\ $J*,H B@*BD@(D"<<" F*,*J`V"b:

%O9031(B)
M50 (@H0"H\ B@&@D@H>Z6 FH@:)
G0 B#196 (4>*,8F"P4b FH@:")
M51 (2,8D,B4H\ F@:)
M99
%

SMSDIS=0
%O0123
G0 X100 Y50
B0
M3 S100
Z20 (B@4F8 >" ^H@ BD,*:@0,>4,)
...

E@$D">>Z, LJ>8P44:
M3 S100
M50 M51
E@$D">Z M50, M51

SMSDIS=1
%O0123
G0 X100 Y50
B0
M3 S100
Z20 (B@4F8 >" ^H@ BD,*:@0,>4,)
...

E@$D">>Z, LJ>8P44:
M3 S100

=, F@$D">Z M50, M51.

9141 MACROCON B@*(DJBB" (BIT)

9141 MODGEQU (BIT)
+F:4 B"D"<,HD"<4 9041 G(9010), ..., 9050 G(9019) 2"*"> 8"8@6-H@ B@:\2@&"H,:\-
F846 8@* G F @HD4P"H,:\>Z< 2>"8@<, H@(*" @> H,< F"<Z< &Z*,:.> >"F:,*FH&,>-
>Z<. A@F:, ^H@(@ B"D"<,HD@< MODEQU <@0>@ &Z$4D"H\, RH@$Z
0: B@:\2@&"H,:\F846 >"F:,*FH&,>>Z6 &Z2@& G $Z: H4B" G66, H@ ,FH\ B@F:, &Z-

B@:>,>4b 8"0*@6 8@<">*Z *&40,>4b &Z2Z&",HFb <"8D@8@<">*", 4:4
1: B@:\2@&"H,:\F846 >"F:,*FH&,>>Z6 &Z2@& G $Z: H4B" G66.1, H@ ,FH\ 8"0*@,

BD,*:@0,>4, 4FH@:8J,HFb 2" &Z*,:,>4,< "D(J<,>H", 4 4N B"D"<,HD"<4
&Z&2Z&",HFb <"8D@8@<">*".

9142 CLCV (BIT)
0: >, J*":b`HFb BD4 B,D,2"(DJ28, (:@$":\>Z, B,D,<,>>Z, & BD,*,:"N @H #100

*@ #119.
1: J*":b`HFb BD4 B,D,2"(DJ28, (:@$":\>Z, B,D,<,>>Z, & BD,*,:"N @H #100 *@

#119.
9143 PRNT (BIT)

AD4 &ZB@:>,>44 <"8D@8@<">*Z DPRNT (*,FbH4R>"b &Z*"R" *">>ZN), BD4 &Z-
*"R4 *">>ZN & B@F:,*@&"H,:\>ZN 8">": (@H8DZ&",H POPEN1), 4:4 & B"<bH\
(@H8DZ&",H POPEN31), ,F:4 B"D"<,HD
0: >" <,FH, 2>"8" + 4 BD,*T,FH&J`V4, >J:4 &Z*".HFb 8@* BD@$,:, B@F:, *,Fb-

H4R>@6 2"BbH@6 – ,F:4 4<,,HFb – 8"0*Z6 >@:\ &Z*".HFb F 8@*@< 0.
1: 2>"8 + 4 BD,*T,FH&J`V4, >J:4 >, &Z*"`HFb, ,F:4 *,FbH4R>"b 2"BbH"b @BD,-

*,:,>", B@F:,*J`T4, 2" >4< >J:4 &Z*"`HFb, ,F:4 *,FbH4R>"b 2"BbH"b
>, @BD,*,:,>", >, &Z*"`HFb >4 *,FbH4R>"b 2"BbH"b, >4 >J:4.
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AD4<,D:
    DPRNT [ X#130 [53] Y#500 [53] T#10 [2] ]

#130=35.897421 S))Q 35.897
#500=–150.8   S))Q –150.8
#10=214.8     S))Q 15

   %Z*"R" *">>ZN BD4 B@:@0,>44 PRNT=0:
   7 6 5 4 3 2 1 0
   )))))))))))))))
   1 1 0 1 1 0 0 0  --- X
   1 0 1 0 0 0 0 0  --- BD@$,: (space)
   1 0 1 0 0 0 0 0  --- BD@$,: (space)
   1 0 1 0 0 0 0 0  --- BD@$,: (space)
   1 0 1 0 0 0 0 0  --- BD@$,: (space)
   0 0 1 1 0 0 1 1  --- 3
   0 0 1 1 0 1 0 1  --- 5
   0 0 1 0 1 1 1 0  --- *,FbH4R>"b 2"BbH"b (.)
   1 0 1 1 1 0 0 0  --- 8
   0 0 1 1 1 0 0 1  --- 9
   1 0 1 1 0 1 1 1  --- 7
   0 1 0 1 1 0 0 1  --- Y
   0 0 1 0 1 1 0 1  --- @HD4P"H,:\>Z6 2>"8 (–)
   1 0 1 0 0 0 0 0  --- BD@$,: (space)
   1 0 1 0 0 0 0 0  --- BD@$,: (space)
   1 0 1 1 0 0 0 1  --- 1
   0 0 1 1 0 1 0 1  --- 5
   0 0 1 1 0 0 0 0  --- 0
   0 0 1 0 1 1 1 0  --- *,FbH4R>"b 2"BbH"b (.)
   1 0 1 1 1 0 0 0  --- 8
   0 0 1 1 0 0 0 0  --- 0
   0 0 1 1 0 0 0 0  --- 0
   1 1 0 1 0 1 0 0  --- T
   1 0 1 0 0 0 0 0  --- BD@$,: (space)
   1 0 1 1 0 0 0 1  --- 1
   0 0 1 1 0 1 0 1  --- 5
   0 0 0 0 1 0 1 0  --- F<,>" FHD@84 (LF)

   %Z*"R" *">>ZN BD4 B@:@0,>44 PRNT=1:
   7 6 5 4 3 2 1 0
   )))))))))))))))
   1 1 0 1 1 0 0 0  --- X
   0 0 1 1 0 0 1 1  --- 3
   0 0 1 1 0 1 0 1  --- 5
   0 0 1 0 1 1 1 0  --- *,FbH4R>"b 2"BbH"b (.)
   1 0 1 1 1 0 0 0  --- 8
   0 0 1 1 1 0 0 1  --- 9
   1 0 1 1 0 1 1 1  --- 7
   0 1 0 1 1 0 0 1  --- Y
   0 0 1 0 1 1 0 1  --- @HD4P"H,:\>Z6 2>"8 (–)
   1 0 1 1 0 0 0 1  --- 1
   0 0 1 1 0 1 0 1  --- 5
   0 0 1 1 0 0 0 0  --- 0
   0 0 1 0 1 1 1 0  --- *,FbH4R>"b 2"BbH"b (.)
   1 0 1 1 1 0 0 0  --- 8
   0 0 1 1 0 0 0 0  --- 0
   0 0 1 1 0 0 0 0  --- 0
   1 1 0 1 0 1 0 0  --- T
   1 0 1 1 0 0 0 1  --- 1
   0 0 1 1 0 1 0 1  --- 5
   0 0 0 0 1 0 1 0  --- F<,>" FHD@84 (LF)
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9161 SBDSP B@*(DJBB" (BIT)

9161 SBSTM (BIT)
A"D"<,HD, D,(J:4DJ`V46 &ZB@:>,>4b NC 4 <"8D@BD,*:@0,>46. A@* BD,*:@-
0,>4,< NC B@>4<"`HFb F:,*J`V4, BD,*:@0,>4b:
 – 8@<">*J *&40,>4b, 4
 – BD,*:@0,>4b, F@*,D0"V4, LJ>8P4`.
1" <"8D@8@<">*Z FR4H"`HFb F:,*J`V4, BD,*:@0,>4b:
 SQ BD,*:@0,>4,, F@*,D0"V,, 8@<">*J BD4F&"4&">4b 2>"R,>4b: #i=#j
 SQ BD,*:@0,>4,, F@*,D0"V,, JF:@&>J` 8@<">*J, 4:4 8@<">*J *:b @D(">42"-

P44 P48:": IF, WHILE
 SQ BD,*:@0,>4b, F@*,D0"V4, 8@<">*Z 8@>HD@:b: GOTO, DO, END
 SQ BD,*:@0,>4b, F@*,D0"V4, <"8D@&Z2@&: G65, G66, G66.1, G67, 4:4 H, 8@*Z

G, 4:4 M, 8@H@DZ, 2"BJF8"`H <"8D@&Z2@&.
 – &Z2@& B@*BD@(D"<<Z (M98 P, 4:4 B@*BD@(D"<<" F BJF8@< >" A, B, C, S, T, M)
+F:4 B"D"<,HD
 =0: NC 4 <"8D@BD,*:@0,>4b &ZB@:>b`HFb &B@Db*8, @B4F">4b & BD@(D"<<,,
 =1: &@ &D,<b &ZB@:>,>4b BD,*:@0,>4b NC &ZB@:>b,H <"8D@8@<">*Z

AD4<,D:
SBSTM=0

%O1000
...
N10 #100=50 
N20 #101=100
N30 G1 X#100 Y#101
N40 #100=60 (B@F:, BD4F&"4&">4b 2>"-
R,>4b N30)
N50 #101=120 (B@F:, BD4F&"4&">4b
2>"R,>4b N30)
N60 G1 X#100 Y#101

AD4F&"4&">4, 2>"R,>4b, @B4F">>@, &
8"*D"N N40 4 N50 &ZB@:>b,H B@F:, &Z-
B@:>,>4b 8"*D" N30.

L A@F:,*FH&4b:
 – &ZB@:>,>4, BD@(D"<<Z <,*:,>>,,,
 – ,F:4 BD,D&"H\ &ZB@:>,>4, 8"*D"

N30, 2"H,< 2"BJFH4H\ F>@&" @$D"-
$@H8J, B@F8@:\8J B,D,<,>>Z,
8"*D" N30 ,V. >, B,D,B4F">Z
BD,*:@0,>4,< N40, N50, @$D"-
$@H8" <@0>@ BD@FH@ BD@*@:-
0"H\.

SBSTM=1

%O1000
...
N10 #100=50 
N20 #101=100
N30 G1 X#100 Y#101
N40 #100=60 (&@ &D,<b BD4F&"4&">4b
2>"R,>4b N30)
N50 #101=120 (&@ &D,<b BD4F&"4&">4b
2>"R,>4b N30)
N60 G1 X#100 Y#101

AD4F&"4&">4, 2>"R,>4b, @B4F">>@, &
8"*D"N N40 4 N50 &ZB@:>b,H &@ &D,<b
*&40,>4b & 8"*D, N30.

L A@F:,*FH&4b:
 – &ZB@:>,>4, BD@(D"<<Z $ZFHD,,,
 – ,F:4 BD,D&"H\ &ZB@:>,>4, 8"*D"

N30, 2"H,< 2"BJFH4H\ F>@&" @$D"-
$@H8J, B@F8@:\8J B,D,<,>>Z,
8"*D" N30 J0, B,D,B4F">Z BD,*-
:@0,>4,< N40, N50, @$D"$@H8J
>,:\2b BD@*@:0"H\, :4T\ ,F:4
BJFH4H\ B@4F8 BD,*:@0,>4b >"
BD,*:@0,>4, N30.
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9162 MD8 (BIT)
BD4 &ZB@:>,>44 B@*BD@(D"<< 4 <"8D@8@<">*, F >J<,D"P4,6 @H 8000 *@ 8999,
BD,*:@0,>4b B@*BD@(D"<< 4 <"8D@8@<">* 
0: >, &Z&@*bHFb & FB4F@8, 4 & D,04<, B@BD,*:@0,>4b< >, @FH">@&4HFb B@F:,

&ZB@:>,>4b @H*,:\>ZN B@*BD@(D"<<, 4:4 <"8D@BD,*:@0,>46, 
1: &Z&@*bHFb & FB4F@8, 4 & D,04<, B@BD,*:@0,>4b< @FH">@&4HFb B@F:, &ZB@:-

>,>4b @H*,:\>ZN B@*BD@(D"<<, 4:4 <"8D@BD,*:@0,>46.
9163 MD9 (BIT)

BD4 &ZB@:>,>44 B@*BD@(D"<< 4 <"8D@8@<">*, F >J<,D"P4,6 @H 9000 *@ 9999,
BD,*:@0,>4b B@*BD@(D"<< 4 <"8D@8@<">* 

0: >, &Z&@*bHFb & FB4F@8, 4 & D,04<, B@BD,*:@0,>4b< >, @FH">@&4HFb B@F:,
&ZB@:>,>4b @H*,:\>ZN B@*BD@(D"<<, 4:4 <"8D@BD,*:@0,>46, 

1: &Z&@*bHFb & FB4F@8, 4 & D,04<, B@BD,*:@0,>4b< @FH">@&4HFb B@F:, &ZB@:-
>,>4b @H*,:\>ZN B@*BD@(D"<<, 4:4 <"8D@BD,*:@0,>46.

9181 INTERRUPT B@*(DJBB" (BIT)

9181 MIUSED (BIT)
0: >, 4FB@:\2J,HFb <"8D@4>H,DDJBH BD,DZ&">4b,
1: 4FB@:\2J,HFb <"8D@4>H,DDJBH BD,DZ&">4b.

9182 MSPINT (BIT)
0: 4>H,DDJBH BD,*FH"&:b,H F@$@6 <"8D@H4B,
1: 4>H,DDJBH BD,*FH"&:b,H F@$@6 H4B" B@*BD@(D"<<Z.

9183 TYPINT (BIT)
0: <"8D@4>H,DDJBH *,6FH&J,H 4 &@ &D,<b &ZB@:>,>4b BD,*:@0,>4b,
1: <"8D@4>H,DDJBH *,6FH&J,H 4 B@F:, &ZB@:>,>4b BD,*:@0,>4b.

9184 ELT (BIT)
0: B@:\2@&"H,:\F8@, <"8D@BD,DZ&">4, 4<,,H JBD"&:,>4, JD@&>b<4,
1: B@:\2@&"H,:\F8@, <"8D@BD,DZ&">4, 4<,,H JBD"&:,>4, 8D"b<4.

9184 MCON (BIT)
0: D"2D,T,>4,, 2"BD,V,>4, <"8D@BD,DZ&">4b &ZB@:>b,H M96, M97,
1: D"2D,T,>4,, 2"BD,V,>4, <"8D@BD,DZ&">4b &ZB@:>b,H LJ>8P4b ;, 2"*">>"b

B"D"<,HD@< MMION, MMIOFF.

9201 MINTERR B@*(DJBB" (WORD)

9201 MINON (WORD)
7@* ;, D"2D,T"`V46 <"8D@&Z2@& BD,DZ&">4b.

9202 MINOFF (WORD)
7@* ;, 2"BD,V"`V46 <"8D@&Z2@& BD,DZ&">4b.

 L 1"<,R">4,: E<@HD4 ,V. B"D"<,HD MCON.



8.14 'DJBB" B"D"<,HD@& MACRO

268

9221 INT_IO B@*(DJBB" (BYTE)

9221 I_LINE (BYTE)
A@8"0,H, RH@ <"8D@B,D,<,>>Z, #1000...#1015, #1032 8"8J` FHD@8J 4>H,DL,6F"
&&@*" BD@R4H"`H.
E@BDb0,>4b:
1-b 8"DH" >" &&@*Z: I000...I007, I010,...I017 I_LINE=0

>" &&@*Z: I020...I027, I030,...I037 I_LINE=2
>" &&@*Z: I040...I047, I050,...I057 I_LINE=4
..................

2-b 8"DH" >" &&@*Z: I100...I107, I110,...I117 I_LINE=10
..................

% B"D"<,HD <@0>@ 2"B4F"H\ 4 >,R.H>@, R4F:@: I_LINE=3 @2>"R",H I030,...I037,
I040...I047.

9222 O_LINE (BYTE)
A@8"0,H, RH@ <"8D@B,D,<,>>Z, #1100...#1115, #1132 8"8J` FHD@8J 4>H,DL,6F"
&Z&@*" BD@R4H"`H, 4:4 2"B4TJH.
E@BDb0,>4b:
1-b 8"DH" >" &Z&@*Z: O000...O007, O010,...O017 O_LINE=0

>" &Z&@*Z: O020...O027, O030,...O037 O_LINE=2
...................

2-b 8"DH" >" &Z&@*Z: O100...O107, O110,...O117 O_LINE=10
...................

% B"D"<,HD <@0>@ 2"B4F"H\ 4 >,R.H>@, R4F:@: O_LINE=1 @2>"R",H O010,...O017,
O020...O027.



269

!:L"&4H>Z6 J8"2"H,:\

A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 218
A.LINEAR . . . . . . . . . . . . . . . . . . . . . 167
A.MISCEL . . . . . . . . . . . . . . . . . . . . . 167
A.ROTARY . . . . . . . . . . . . . . . . . . . . 167
A(9030) . . . . . . . . . . . . . . . . . . . . . . . . 263
A1 10V . . . . . . . . . . . . . . . . . . . . . . . . 165
A1 ACC . . . . . . . . . . . . . . . . . . . . . . . 166
A1 DCC . . . . . . . . . . . . . . . . . . . . . . . 166
A1 MAX . . . . . . . . . . . . . . . . . . . . . . . 166
A1 MIN . . . . . . . . . . . . . . . . . . . . . . . . 165
A2 10V . . . . . . . . . . . . . . . . . . . . . . . . 166
A2 ACC . . . . . . . . . . . . . . . . . . . . . . . 166
A2 DCC . . . . . . . . . . . . . . . . . . . . . . . 166
A2 MAX . . . . . . . . . . . . . . . . . . . . . . . 166
A2 MIN . . . . . . . . . . . . . . . . . . . . . . . . 166
ABC . . . . . . . . . . . . . . . . . . . . . . . . . . 167
ABCST . . . . . . . . . . . . . . . . . . . . . . . . 263
ABSHORT_A . . . . . . . . . . . . . . . . . . . 169
ABSHORT_B . . . . . . . . . . . . . . . . . . . 169
ABSHORT_C . . . . . . . . . . . . . . . . . . . 169
ABSINK . . . . . . . . . . . . . . . . . . . . . . . 177
ABSPAPER . . . . . . . . . . . . . . . . . . . . 174
ACC . . . . . . . . . . . . . . . . . . . . . . . . . . 223
ACC% . . . . . . . . . . . . . . . . . . . . . . . . . 188
ACC1 . . . . . . . . . . . . . . . . . . . . . . . . . 238
ACC1n . . . . . . . . . . . . . . . . . . . . . . . . 238
ACC2 . . . . . . . . . . . . . . . . . . . . . . . . . 238
ACC2n . . . . . . . . . . . . . . . . . . . . . . . . 238
ACCDIST . . . . . . . . . . . . . . . . . . . . . . 179
ACCMAX . . . . . . . . . . . . . . . . . . . . . . 188
ACCMIN . . . . . . . . . . . . . . . . . . . . . . 188
ACCn . . . . . . . . . . . . . . . . . . . . . . . . . 223
ACCTC . . . . . . . . . . . . . . . . . . . . . . . . 226
ACCTCn . . . . . . . . . . . . . . . . . . . . . . . 226
ADD . . . . . . . . . . . . . . . . . . . . . . . . . . 259
ADDRINP . . . . . . . . . . . . . . . . . . . . . 188
ADJUST . . . . . . . . . . . . . . . . . . . . . . . 232
ADJUSTS1 . . . . . . . . . . . . . . . . . . . . . 232
ADJUSTS2 . . . . . . . . . . . . . . . . . . . . . 232
ALADIST . . . . . . . . . . . . . . . . . . . . . . 257
ALADISTX . . . . . . . . . . . . . . . . . . . . 257
ALADISTZ . . . . . . . . . . . . . . . . . . . . . 257
ANALOG1 . . . . . . . . . . . . . . . . . . . . . 165
ANALOG2 . . . . . . . . . . . . . . . . . . . . . 166
ANG.ACRY . . . . . . . . . . . . . . . . . . . . 185
ANGLAL . . . . . . . . . . . . . . . . . . . . . . 186
AREA2 . . . . . . . . . . . . . . . . . . . . . . . . 201

AREA3 . . . . . . . . . . . . . . . . . . . . . . . . 201
AREA4 . . . . . . . . . . . . . . . . . . . . . . . . 201
ARROW . . . . . . . . . . . . . . . . . . . . . . . 173
AX.LIMIT . . . . . . . . . . . . . . . . . . . . . 208
AXIS . . . . . . . . . . . . . . . . . . . . . . . . . . 218
AXIST . . . . . . . . . . . . . . . . . . . . . . . . 220
AXISTn . . . . . . . . . . . . . . . . . . . . . . . 220
AXISTS1 . . . . . . . . . . . . . . . . . . . . . . 220
AXISTS2 . . . . . . . . . . . . . . . . . . . . . . 220
B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 218
B.LINEAR . . . . . . . . . . . . . . . . . . . . . 167
B.MISCEL . . . . . . . . . . . . . . . . . . . . . 167
B.ROTARY . . . . . . . . . . . . . . . . . . . . 167
B(9031) . . . . . . . . . . . . . . . . . . . . . . . . 263
BASDIST . . . . . . . . . . . . . . . . . . . . . . 256
BASDISTn . . . . . . . . . . . . . . . . . . . . . 256
BAUD RATE . . . . . . . . . . . . . . . . . . . 196
BAUD RATEn . . . . . . . . . . . . . . . . . . 196
BCKDIST . . . . . . . . . . . . . . . . . . . . . . 258
BCKLSH . . . . . . . . . . . . . . . . . . . . . . 180
BCKLSHn . . . . . . . . . . . . . . . . . . . . . 180
BIDIR . . . . . . . . . . . . . . . . . . . . . . . . . 165
BKNOINT . . . . . . . . . . . . . . . . . . . . . 183
BLACCAMT . . . . . . . . . . . . . . . . . . . 227
BLACCAMTn . . . . . . . . . . . . . . . . . . 227
BLACCDIST . . . . . . . . . . . . . . . . . . . 227
BLACCDISTn . . . . . . . . . . . . . . . . . . 227
BLACCEN . . . . . . . . . . . . . . . . . . . . . 226
BLACCPER . . . . . . . . . . . . . . . . . . . . 227
BLACCPERn . . . . . . . . . . . . . . . . . . . 227
BLACCSP . . . . . . . . . . . . . . . . . . . . . 227
BORDER . . . . . . . . . . . . . . . . . . . . . . 173
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 218
C.LINEAR . . . . . . . . . . . . . . . . . . . . . 167
C.MISCEL . . . . . . . . . . . . . . . . . . . . . 168
C.ROTARY . . . . . . . . . . . . . . . . . . . . 167
C(9032) . . . . . . . . . . . . . . . . . . . . . . . . 263
CARINK . . . . . . . . . . . . . . . . . . . . . . . 177
CCABS . . . . . . . . . . . . . . . . . . . . . . . . 185
CDEN . . . . . . . . . . . . . . . . . . . . . . . . . 198
CDIR . . . . . . . . . . . . . . . . . . . . . . . . . . 218
CDIRn . . . . . . . . . . . . . . . . . . . . . . . . . 218
CDIRS1 . . . . . . . . . . . . . . . . . . . . . . . 218
CDIRS2 . . . . . . . . . . . . . . . . . . . . . . . 218
CHBFMOVE . . . . . . . . . . . . . . . . . . . 210
CHOPAX . . . . . . . . . . . . . . . . . . . . . . 171
CHOPAXF . . . . . . . . . . . . . . . . . . . . . 171
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CHOPERR . . . . . . . . . . . . . . . . . . . . . 172
CHOPPOS . . . . . . . . . . . . . . . . . . . . . 172
CHOPRATE . . . . . . . . . . . . . . . . . . . 172
CIRCFMIN . . . . . . . . . . . . . . . . . . . . 199
CIRCOVER . . . . . . . . . . . . . . . . . . . . 182
CLCV . . . . . . . . . . . . . . . . . . . . . . . . . 264
CLEAR . . . . . . . . . . . . . . . . . . . . . . . 185
CLEG83 . . . . . . . . . . . . . . . . . . . . . . . 190
CNDBKBUF . . . . . . . . . . . . . . . . . . . 186
CODES . . . . . . . . . . . . . . . . . . . . . . . 184
COLORV . . . . . . . . . . . . . . . . . . . . . . 173
COLORV2 . . . . . . . . . . . . . . . . . . . . . 177
COMMAND . . . . . . . . . . . . . . . . . . . 165
COMMAND1 . . . . . . . . . . . . . . . . . . 165
COMMAND2 . . . . . . . . . . . . . . . . . . 165
COMMB . . . . . . . . . . . . . . . . . . . . . . 225
COMMINK . . . . . . . . . . . . . . . . . . . . 174
COMMON . . . . . . . . . . . . . . . . . . . . . 178
COMMPAPER . . . . . . . . . . . . . . . . . 174
COMPCOEF . . . . . . . . . . . . . . . . . . . 172
COMPEN . . . . . . . . . . . . . . . . . . . . . . 226
COMPNAX . . . . . . . . . . . . . . . . . . . . 242
COMPNAXn . . . . . . . . . . . . . . . . . . . 242
CONST . . . . . . . . . . . . . . . . . . . . . . . 164
CONST2 . . . . . . . . . . . . . . . . . . . . . . 164
CONSTnn . . . . . . . . . . . . . . . . . . . . . 164
CONTACT . . . . . . . . . . . . . . . . . . . . . 259
CONTACTX+ . . . . . . . . . . . . . . . . . . 259
CONTACTX– . . . . . . . . . . . . . . . . . . 259
CONTACTZ+ . . . . . . . . . . . . . . . . . . 259
CONTACTZ– . . . . . . . . . . . . . . . . . . 259
CORNANGL . . . . . . . . . . . . . . . . . . . 182
CORNOVER . . . . . . . . . . . . . . . . . . . 182
COUNTERS . . . . . . . . . . . . . . . . . . . 260
COUNTFIN . . . . . . . . . . . . . . . . . . . . 190
CR SPACE . . . . . . . . . . . . . . . . . . . . . 197
CR1 . . . . . . . . . . . . . . . . . . . . . . . . . . 197
CR2 . . . . . . . . . . . . . . . . . . . . . . . . . . 197
CR3 . . . . . . . . . . . . . . . . . . . . . . . . . . 197
CRITFDIF . . . . . . . . . . . . . . . . . . . . . 199
CRITFDIFn . . . . . . . . . . . . . . . . . . . . 199
CRITICAN . . . . . . . . . . . . . . . . . . . . . 199
CROSS DOT . . . . . . . . . . . . . . . . . . . 175
CROSS ON . . . . . . . . . . . . . . . . . . . . 175
CSPAXIS . . . . . . . . . . . . . . . . . . . . . . 179
CTSURFSP . . . . . . . . . . . . . . . . . . . . 179
CUTTING1 . . . . . . . . . . . . . . . . . . . . 260
CUTTING2 . . . . . . . . . . . . . . . . . . . . 260
DECDIST . . . . . . . . . . . . . . . . . . . . . . 179

DELTV . . . . . . . . . . . . . . . . . . . . . . . . 179
DIAM . . . . . . . . . . . . . . . . . . . . . . . . . 225
DIFG . . . . . . . . . . . . . . . . . . . . . . . . . 222
DIFGn . . . . . . . . . . . . . . . . . . . . . . . . 222
DIGITAL . . . . . . . . . . . . . . . . . . . . . . 226
DIGITALn . . . . . . . . . . . . . . . . . . . . . 226
DIGITALS1 . . . . . . . . . . . . . . . . . . . . 226
DIGITALS2 . . . . . . . . . . . . . . . . . . . . 226
DIRANGLE . . . . . . . . . . . . . . . . . . . . 183
DISCODED1 . . . . . . . . . . . . . . . . . . . 255
DISCODED2 . . . . . . . . . . . . . . . . . . . 255
DISCODED3 . . . . . . . . . . . . . . . . . . . 255
DISCODED4 . . . . . . . . . . . . . . . . . . . 255
DISCODED5 . . . . . . . . . . . . . . . . . . . 255
DISCODED6 . . . . . . . . . . . . . . . . . . . 255
DISCODED7 . . . . . . . . . . . . . . . . . . . 256
DISCODED8 . . . . . . . . . . . . . . . . . . . 256
DISPLAY . . . . . . . . . . . . . . . . . . . . . . 173
DISTANCE . . . . . . . . . . . . . . . . . . . . 179
DIVS1 . . . . . . . . . . . . . . . . . . . . . . . . 235
DIVS2 . . . . . . . . . . . . . . . . . . . . . . . . 235
DNC LINES . . . . . . . . . . . . . . . . . . . . 176
DOMCON . . . . . . . . . . . . . . . . . . . . . 189
DPTHCUT . . . . . . . . . . . . . . . . . . . . . 192
DRIFT . . . . . . . . . . . . . . . . . . . . . . . . 214
DRIFTn . . . . . . . . . . . . . . . . . . . . . . . 214
DRIFTS1 . . . . . . . . . . . . . . . . . . . . . . 214
DRIFTS2 . . . . . . . . . . . . . . . . . . . . . . 214
DSP LST . . . . . . . . . . . . . . . . . . . . . . 176
DSPX . . . . . . . . . . . . . . . . . . . . . 157, 176
DTP . . . . . . . . . . . . . . . . . . . . . . . . . . 178
DTPX . . . . . . . . . . . . . . . . . . . . . . . . . 178
DTPZ . . . . . . . . . . . . . . . . . . . . . . . . . 178
E%MAX . . . . . . . . . . . . . . . . . . . . . . 188
EDIR . . . . . . . . . . . . . . . . . . . . . . . . . 219
EDIRn . . . . . . . . . . . . . . . . . . . . . . . . 219
EDIRS1 . . . . . . . . . . . . . . . . . . . . . . . 219
EDIRS2 . . . . . . . . . . . . . . . . . . . . . . . 219
EEINK . . . . . . . . . . . . . . . . . . . . . . . . 174
EEPAPER . . . . . . . . . . . . . . . . . . . . . 174
EFINK . . . . . . . . . . . . . . . . . . . . . . . . 174
EFPAPER . . . . . . . . . . . . . . . . . . . . . 174
EIA . . . . . . . . . . . . . . . . . . . . . . . . . . . 197
EIAn . . . . . . . . . . . . . . . . . . . . . . . . . . 197
EINK . . . . . . . . . . . . . . . . . . . . . . . . . 174
ELT . . . . . . . . . . . . . . . . . . . . . . . . . . 267
ENCD . . . . . . . . . . . . . . . . . . . . . . . . . 219
ENCDn . . . . . . . . . . . . . . . . . . . . . . . . 219
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