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Chapter 2 Number System and Codes
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PLC-Chapter 2 - Number System and Codes
format qpzeaclo3p&:n’ qE:cutieqeoonioonzaopdi Number System gpzaopS PLC logic gpzci
2069 3305(q0qPegdo0pdi o code gpn350:000500[gE(9E PLC gps 2200606003 comEagn
a8[g€ 5020058 E 2005
J-0 Number System qp:

Number System qpzo3 agi&soq€ 3E8EGE PLC qp2a3d8cda0ad comtsgo
mo0dq§ Eoopdi ac[gdogieonn (Basic) function qpen Number qpsgé eod(g[at:
(representation), Number qp:c3 038:90054gC: (Store) $& Number gp:03 eOlC:g0de[gpoden:
02005 Operation qpsgpO[gE:odgdaopdi PLC gp:o0pd Binary Number gpsadsaadiylq
o0& Beqpradesdlyfga 038:a0054gE: BlupSo0p5i

©p52005 Number System o&[gdileo ez0dlEagiodgpiaadzaagjrotaopbionndedE aopdi
(02) Number System s0:d:03€ Base 00§03 000§je§je0? 326[gdgjoopbesoandaon:000i
(9) Number System 30:0%:03 Geog0depoRE (Counting cpdgs) s20dg$E205
(0) Number System 330508203 00&03:gqp2 | oedgPs(quantities)sE code qpso? cedlyes
32093go0p0
(20) Number System 30:03s03€ 20605004p: (set of symbol) §fo30005

Number System 0o69@i Base 2005 ad System oo 22995gjoopd unique symbol [gdaopSi
[gCeds (sagp2ed:) 00§3:0005 Base cood 0 caqpaopdi | o3 se6gde) 00p0680005000:6000
Number System o3 Base 2 0peslad00p5n opdoopd 00§o3:036sd Base
(3602056800058 Ea205000: 1 PLC gpoganadsgpicoon Number System gpsed Base 21 Base
81 Base 10 $& Base 16 03[gd 2000

(0) Base 2 System o3 Binary System opcopSseomés

() Base 8 System o3 Octal System v copdeoms

(p) Base 10 System o3 Decimal System upg) copSieomts

() Base 16 number System 03 Hexadecimal number System opgjgE: el 320001
03 System qe30d:0d §2:00006S VoLPed: Cs880:000:0008gd20pd Decimal System
©00nCqeant...
J-0-0 Decimal System

Decimal System o3 og§6a3aa:ads 03005892005 cpgpiogErondegplian arosgps
00 el clgeqpimaecusgp: 00 egpl:d§ogeomelopE Decimal Number System
$C300256C:8: 0162089 C: [9D20p0n Decimal Number System 2005 0o o33aa[gdoonoopd Base
10 System [g®a0p5i 0,1,2,3,4,5,6,7,8 $& 9 0303 Symbol gpz 98 ©upad Digits gpiweal sdoopS
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a3elopE System symbol 320:03:006AIE: 10 9§05 (0 ¢ @ 3203) 35 [gEadi00§93: 9
2000 Base (962025 10 0005 0 caqpesa0pdi Decimal System gpsaopd sacgé
qCs&:098:60me[opE 30[gEadi0080349H2005 9 condgpsd epbopadendggepdad odion:8qss
0oPe00pdi 3a[gEedoanss (Largest Symbol) coo53gp:aopdonsaBiadesdgoopdspdagpaoopd
Number System san:adz03E0p08(030005

Decimal System o3¢ dlo€oopdnm§iqp:on§03:0000 esepadcdody) elgptaadoopdn Place
Value 2300705 weight 0peel 20001 po0o005e 9005000533 (from right to Left ) o8

GEPODAFAGROGCV 0D&ITGP:ECOGO[GERdI

$2-1 0gEewd[qoonzaopdi pono0a53ag8ed: (right most) esepell position oo§3: 2005 o
(99p0) [g20p5n 220000¢) Base 10 (a3) Decimal [§63cq€ & J- j g€ position (esep) gpesazads
& weight value o3 10 o3 sac[gdejesdlgoontaopdi Decimal System 320305 0090056 9059005
a3 (from right to left) position weight gpen 0 100 1 900 1 0000 020503 gba0pdH G033 oo
IBeqpi0d 6603052000505:03 “Sum of the Weight Method” vpeal 20001

Position n..... 2 0

3 1
Number =3 Value V...V, V, V, V,

c';) 2-1 Place values.

Position (n)

’ Pncit
Value (V) V, Weight Value = Base Fostior

(Base = 10 for decimal)
|—10“= 1

D‘<D

1
V.

Sow

10'=10
10°= 100
10°= 1000

¢ 2-2 Weighted values.
Decimal number gpsgion§oBiodeqs Digit sEesepaion§ads (Weight value) o303
algpod[Bs oS aBigpizmiadindediCun(glgboopdi pown-saes(gE 9876 o3 “Sum of the Weight
Method” method [§¢ 632005313203E:0305098 Ea0di
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Position 3 1 0

2
Number |9|8| |6|

6 x 10%= 6
7 x10'= 70
8 x10%= 800
9x10%= 9000

9876,

on§:adE: (Digit 03E:) 03 Base 03000056 G#f)@ﬁ 006038:00503:po[gCsgd
20p01036[e3p¢ No ¢ Nn 33036dIE:aqi€ Base “b” [gdeoo> Decimal equipment 00§03:036a000

Positicn n . e . 3 2 1 0

Number |Z,| . . . |Z|Z]|Zz|Z] Base=»

— Z, x b’ = N,
Z,xb' =N,
Zxb =N
Zxb =N
Z;% 8" = N;

J-2- Binary Number System

Binary number System 20p5  j 03336[gd6] 0opSeaonndoon:eam (Base 2) 050[gdoopd
o3 efopE Binary Number System 038§ 0 $& 1 200§3E2005n 191G ©2005
oon§igpredlo8Eaeol PLC & Digital Computer qpzc3o36000 Device qpeaogab Binary Number
System 20pbga0d:320E80x(gb20p5N Binary Number System 030000%2) Operation cp68E2005n 0
$C 1 $6§0d00 :e[gde) 8&E:qpSoonieomaloypé Device qp3a0305 Operat coog$
0@udepaodn 8 cds 1 o0z (value) $& 90w (switch) 02005 physical element gpzogE ON/OFF
Close/Open $C Start/Stop 02005 sac[geecs (state) | §raon§8Eoopdn

Computer o38a03:{go0pd326l03¢: Binary Number System o3 coglgE8Eo0p51 Computer
0303:0803i€ 90p6adeE (ON) cd0520p05Ed[GIEs0 9052005 Position “0” ¢ Position “1”
2[gdadelypEaogr:a0pbi Computer o3 203:0gieonpaqE Position “0” o8[gSeepodeold: 3od
(OFF) 0&c80520p5: Digital circuit qpsapE Voltage | §ie[gS3[epsoonzoopd +5 V $E 0 V (96200
odelop¢ Digital application gp:320305 Binary number System copbsacg§aaadioCoopdi Binary
Number System o3€ 1 2005 sa[ofkedion§03:( largest valued System) [gdoopdn
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(P J-Q The binary numbers, 1 and 0, on a computer’s power switch represent ON and OFF, respectively.

Decimal System qpzen03a308 Binary Number System op€ Largest valued System
0009[3820p900803:03 eeS[gadagie pornade 9005 900533 (From Right To Left)
esepoddesepag,q) Weighted value o3 assign cod[gC:gdoopd Weight Value (Decimal
equipment) qps 03050w> Decimal Number System $& Binary Number System o3opEona30005u
o3[gpoopdeageden Decimal Number System o3¢ Base [§9a0pd oo il saedlg
000038:008[g84y0[8e Binary Number System § Base [g62005  j saedlogEaodnBS§iont
[§E4962005n c0bB38§:0005 position &l esepotfgdoopdi Binary Number System o3& poneonobad
(From Right To Left) eg, ognto0p5 weight value ¢0 1,2, 4, 16, 32, 64 ©20p503(96[G: esep

0,1,2,3,4,5,6 o%@@ooéu

Position T 6 5 4 3 2 1 1}
Number [1]0[1]1]o]1][1]0],
— 0x2°= 0
1x2'= 2
fxd= 4
0x2°= 0
1x2°= 16
1x2°= 32
0x2°= 0
1x2"= 128
182,

powd-226s[gC Binary Number 10110110 $& 00§03:0p0820p5 Decimal value 03 0go5[mqesant
Binary number 10110110 20p5 Decimal Number System ¢ 182 $& 00§93:0pp80005

Binary number o cd: (8 digit) 03 bit 028933(gda005¢00520p5 Binary Number 10110110 (182

decimal ) 2005 8bit §a00n bit © 98000 bit ¢ 9§ Nibble vr2005005200 bit © 98agE

byte 006935[§5200560520051 0 9 COOIGP:0pd byte gp:ad “word” sa[gd20050052001 & J-G

03¢ bit o6 9§oopd Binary Number o3esblgaon: copS

0d00d3ged:§o0pd oans:s (Digit) oo Least Significant bit (Lowest valued bit) [gdoopSu

P0o052g$e0:5§0000 nné: (Digit) ¢ Most Significant bit (MSB) (g[8 saqpsad: 0o§03:§a00d
bit (Most significant bit) [g®aop5
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Most Least
Significant Bit Significant Bit
(MSB) Bit (LSB)

| |
ﬂo1110010011010|1|

Byte > Byte —rl

« Word -l
¢ J-G One word, two bytes, sixteen bits.

Binary Number qp:036qo3056$ sacg$9039038E[g€:en Binary Number gp:o3 Decimal
Number gpo3o3eqC:8:e00 alo3pé [gdo0pdn Binary Number System & 0 5C 1, o
Beesoodesepondesepey [Bigsgdoopdi Decimal Number o3€ o ¢ @ 1 g[8 eso0besepeg,Be o
[g8962025u

Decimal Binary
0 0
1 1
2 10
3 11
4 100
5 101
6 110
7 111
8 1000
9 1001
10 1010
11 1011
12 1100
13 1101
14 1110
15 1111
Table 2-1. Decimal and binary counting.

Table 2-1 o3& Binary Number $& Decimal Number 0303 updejesdlgoonoopdi
J-2-9 Octal Number System

Binary Number System o3¢ Digit qpigndl§g§adoopdn Decimal Number coo53gjqpzoop5i
pow>- Decimal Number ¢ 9110 20p5 Binary Number 10110112 $&p300001 Digit qpsodeqeqf

0055 3209800550001 300:20(gE crgPIEcdLReS 3030536] Fasolus(geol
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oo 32098 Digit qp:a0pd Binary Number gp:o? ceb[gq$seo305 Octal Number
System o33200%gje0p§) 20001 Octal Number System 2005 © o3sae[gdoonoopd Base 8
056[gdaopdi Digit © ad:oodloo0pdi 0,1,2,3,4,5,6 $E 7 oB[gdaopdi Table 2-2 03¢ o ¢ o)
520303 Decimal1 Binary $& Octal 03[q¢ vpd a3ewd{goozadi

Binary Decimal Hexadecimal
0 0 0
1 1 1
10 2 2
11 3 3
100 4 4
101 5 5
110 6 6
111 7 7
1000 8 8
1001 9 9
1010 10 A
1011 11 B
1100 12 C
1101 13 D
1110 14 =
1111 15 F

Table 2-2. Decimal, binary, and octal counting.
onfgpieaon Number System gpzo3o80E Octal Number ogCaesep (position ) 00§03:03

weighted [g€asblg 20p5 1 pows- Octal Number 1767 $& 0o§03:0p082005 Decimal Number ¢
1015 {96205

Position 3 2 1 0

Number |1]|7]| 6 T’a

— ] X 8°= 7
6 x8'= 48
7 x8%= 448
1x 8= 512
10154,

63005038 16-bit §oopd binary number o six digits 20> octal number
[gSesdlgoomzoop

1[1]1|0JO0fO 1)1 |1(1|1]0]1]0|1]1]Binary Number

111 1 0Jj0 0 1|1 1 1|1 0 1|0 1 1] 3-Bit Groups

Octal Digits
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Octal Number 20p5 Binary Number qp:o33¢) sas0Calggy eei[g8esaaognd
ads[gCigdoopdn Binary Number § Digit p 9( binary bit 3) 03 00699c305(8s Octal Number
0060d: (Digit 1 9) 22[gdeeg§Eaopdi BelopC sa0gs qpegrroopd (gpSagp:aopd) Binary
Number gp:03 ON 03a3:q) Digit 32505:c0d[g¢ ewdg§Ea0pdi pown- 16bit Binary Number o3
Octal Number [g€esSgag€ oanss Bad: ( 6 Digits) 0oncBo0pbi PLC qpiog€ input/output
address gqp: $& memory address qpodesdlge$320305 Octal Number o3saadigoq005

Position 3 2 1 0
Number |F| 1 | Al B I“E
e 6 X 16°%= 6
10 x 16'= 160
1x16%= 256
15 x 16°= 61440
61862,

J-0-G Hexadecimal Number System

Hexadecimal Number System 2005 o6 o3a32¢[gd¢) (Base 16) 00p5680305000:20001 0 © @ 3203
$C 32608600032 A © F 2003 Digit 16 cd:SloCoopSi (A 20p5 00 $¢800001) Hexadecimal
Number System o3copSs Digit so500:c0d[gC 00§3: gpigd ddewdjgadeamaelops
20054{g[gE4gd20p5n Hexadecimal Number ¢ Digirt o cs00p5 Binary digits (bits) G cd:$E8
o051 @oons J-p 03¢ B-D-Hex o3o3upda3gjesdlgaon:oogdi

Binary Decimal Hexadecimal
0 0 0
1 1 1
10 2 2
1 3 3
100 4 4
101 5 5
110 6 6
111  { 7
1000 8 8
1001 9 9
1010 10 A
1011 11 B
1100 12 C
1101 13 D
1110 14 E
1111 15 F

@o>: J-p. Binary, decimal, and hexadecimal counting.
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Hexadecimal Number gp:o3 sun of the weight method o332a3:{gjq) decimal Equivalent
qpegCesdlg§Eoopdi 6em0da3E puwraa|gd Hexadecimal Number “F1A6” o3 sun of the weight
method o3320¢qe) Decimal Equivalent 00$03:qps3a(g®ad e[gptcd (transform)

Slopleics ecptiowtel ]

Position

Number |F|1]|A|6],.

e 6 x 16%= 6
10 x 16'= 160
1x 162= 256
15x 16%= 61440
61862,
Fl1|ale

o \ -~

|1|1|1|1|0|0|0|1|1|0|1|0|0|1|1|0|

A 6l00§33se0 161 ¢l 10 90 (10 times 161) [g8[G: F ol 00§30 163 6l ogjeo ( 15 time
163) [®20p51 Hexadecimal Number F1A6 20p5 Decimal Number 61,862 $&p320001

Octal Number gp:0303 Hexadecimal Number gpza3copds Binary Number s5(gdo3
3209050006[pE:§E 00001 Mathematical transformation [giopdg$ecdeon Hexadecimal Number
o3 Binary Number 32[gda3e(pE:q8320305 Binary ¢ bit G 903 Hexadecimal digit 0069 32(g®
2005838epesepyP:3203E: 6[pE:cdeuig$ o030

J-J Number Conversion

3264, 0E:038 Binary Number 1 Octal Number $& Hexadecimal Number o3¢ 08603
qC:8:0000 Decimal System oo§o3:qp: (Decimal Equivalent 0o§33sqp:) o3 sun of the weight
method [g€e[gpE:cddadesdgafd: [goo0pdi s005c0nd ¢ Decimal Number ¢ Binary Number |
Octal Number $¢ Hexadecimal Number o8e{gp&:da3soodondesdlgepdi

Decimal Number o3 oofgn:eom [03055600050005 Base gp:ade|gpliq$3s0305 Decimal
Number 00§53:03 6[gpC:cd0005 Base 0o§a3gEon:q§c8a0pbiodad ons(Divide) gafpC: §5cyE
(remainder) o 33(0RE:03 Least significant digit (paoonodsagsads - right most) esepopt
002§ §[g5200n 30005 33[0pE: (remainder) o§og€ o(appo) o3 least significant digit position
65$6p0RC00:q$ [§020p51 oS (a3) oscxnS (result) 03 | 6§O05e0:00z) ©620pd3A3
0008lo0bsl 0g05es i (final result of the successive division is 0) 0]$p5:0000 3a0R&L050E
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22000gPo0pd $05496Ea0500: §o2c0pdgSsag0dedispdiydoopdl 0odes
QS 200555:0000: [§BaopdN

Division Remainder
Z+5=N, R,
Ny +5=N, R,
N+ 5= Nj Rs
N;+5=N, Ry
Nn <+ 5 = U Rn
New base 5 number is (Rp,... R4yRyR,Ry)s

? J-§ Method for converting a decimal number into any base.

Base 5 $¢08¢10000 00593:0303056$[g020001 vcoeBign ¢ [gCon:dli (Z/5) N1 20p5
qooo8[g8[8s R1 ¢ remainder [g®20p0n R1 20p5 Least significant digit [g92000n 600500 a0
0305§ N1 03 § [gEo:Cl N2 2005 qn8yo[ds R2 20p5 remainder [g6o0p5n R2 2005 Base 5 &l
p0005000gIE 303006[gred Digit [§8a0pbn 008 codel coddl [§€ esnodads § [gCong)
©§20p0320803050l

po=es[g¢ Decimal Number N 355 o3 Binary Number (Base 2) o3e{gpC:dl

Division Remainder
35+2=17 1
17+2=8 1
8+2=4 0
4+2=2 0
2+2=1 0
1+2=0 1

odelopE Base 2 (Binary) 100011 20p5 Decimal Number 35 $&a820001

30300p0w=n[gd Decimal Number 135530 o3 Hexadecimal Number (Base 16) $¢232005 Digit
qpeza[gdelgp:ol adelogpé 135510 $¢82005 Hexadecimal Number equivalent ¢ 54B [g6o0p5
(Hex N 001§ o0pd 3260863036p B 2005 Decimal Number ¢ 11 $&320001)
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Division Remainder
1355+ 16 = 84 11
84+16=5 4
5+16=0 5

303005520005 3250550536 [§§20p51 Decimal Number (Base 10)03 Binary Number
(Base2) a3e[gpC:q$ [gdo0pdn Decimal Number (Base 10)03 Binary Number (Base2)

a30305§05ea(gpEsd Octal Number eonsotaelgpEsgélgdoopdi ofspdiore | [gContepdsaon: o
[gEo02q00p0n (Decimal Number o3 Octal Number a[g628e{gpEsaopdi odes005 Octal Number ¢

Binary Number 25[4693 a[gpCon[gs [gd0000n)
peo Decimal Number 1455, 03 Binary Number o3ega&zoli

Division Remainder
145:-8=18 1
18+8=2 2
2+-8=0 2

Decimal Number 14510 o3 Octal Number o8e[gp&scqié 2215 qoopdi Octal Number 2215 03
Binary Number a3e[gpE:ag€ 010010001 0362001

2121

010 010 001

J+0 Binary number qp:5& 20505c00p0mm (33) 2251050085303 Binary number
[gGesdlye:

Complement 320p5¢0 PLC gpzs¢ Computer qps32038s3 [g[0066000 codgiedegp:
(mathematical calculation) [g®a0p5i Binary number 006903 Complement cod[gEsaopd 20505
compmodges (a3) negative number aelgpEgEigdoopd $05[gEs(Subtraction) algpod
[g&:(multiplication) 1 ©25g&s(Division) 02005 0godgEdegps(arithmetic) [giepoepopt Fa5050mS:
(negative number) gpsdlo€aopSi poed 20 ¢ 40 035056pogE -20 oopdi -2033[gdewdjyqs

220305 20 63 Complement coog§ 320201

o)zee§:03¢ Complementing cod[gE:eizac(gdooeomonepigpod Gedlgoozoopdi pown-
Sbit binary number 06903 3a805c00p0m{g¢ eudlggeseEi Binary number 101112 2005
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Decimal number 23 [g620p51 oBoan:ad sogodons: (Negative Number) [gEeudges $05:
$5550ps

J-0-0 One’s complement §éz

ocoe $p5:e0 $0lodeizneg), 03¢ Fe505c00pMcopdaligdoopdn ofspdi0pd 0gsdod
2[gpdenp§oopd3a03E: Decimal number gpzell 226¢),03E 32505000pcmoopd(gEHgdaopd
0)$p5:0005 08603 320305 F2e0CalgEaodeupd: PLC qpisE Computer gp:320305 ¢[gd§Eaoi
200006[e3pEe86205 PLC gpisé Computer gp:aopd 0 $& 1 gpeaBoon §0sc0pd8EBseomelope
[900p51 3a80500n&:qp2(Negative Number) o3esd[gg$sa005 One's complement
$5:0330054g[o0pdn One’s complement $p5: 2005 0005000532928 most significant
6$6peq),03¢§e0m bit 028903 Sign bit 33(gd bit 006903 32800pd(Giewd [ggElgdaopdi o Sign
bit 2005 3260IE: (positive) [§da0pd (93) 32505(Negative) [gdo0badewd[goopdi 3a00ude) od
Sing bit 2005 1 [g6cqi€ s§05c00z0m 1 0 (Zero) [gboy FeediEscoogam 33[gda005005

[9E49D2005n eedlgdoops +23 decimal o3eed[gqs 0 101112 [gdaopdn
10111, o} ojopseadoaniieace og€ansiodcongamonoddewsiyoogd —(10111),
Binary 10111 o3 33505[gCewd[qe$sa0305 most significant bit esepogd 1 copd[Be og$

bit qps 292:09:03 0 ¢ 1 9868 1 ¢ 0 a3 gaegpEgtsgdaopdi BefoxpE Binary 10111 o3 One's
complement $p54g¢ 32505%e(pE:0qC 1010002 [§d20p5m 350500n&: (Negative Number) o3

binary élgEeusagi€ One’s complement o3copds Binary do[g&aelgotzanoopdi

473 o3 Sign bit (bold cpSoonzoog? 0) sSecSgoontaogS 010111,
15, = 1 0000,

*1510=0 llll]

J-9-J Two's Complement
Two’s Complement 20p5 One’s complement §p5:s& 96s08e0€app8o0pdi (bit 06903

22300004 sign bit 33[g6 conilgls) afeo0d0p09g0daqpsgpdepogE o3gproopdi One’s
complement §p5:03€ Bit qpsaascd:adelgpCsodaopdn Two' s Complement 03¢ ocowvads 1 03
Delete cpd[Beeoon bit 0od9gE:BadelgptiodaopbiDecimal+22 o3 powrsalgbecpamfmgesanti
+22,,=010110,
Two's Complement $p5¢(g¢
-22,,=101010,
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$3l05 ) BzesodoczamlgEesdlgei poronad(right) voagé voowsd: Digit 205 0
[g520p51 Befo3pé Convert cpbgSeadeoigadoo Digit 2005 1 [gdaopdn 30300 Digit © og) Digit
2020903 0 ¢ 1 986 1 6 0 93E: Convert cpdqepdi 30o056] negative number o3 Two's
Complement [gGesdfgaoningiC copd:addddjrufgdaopdi

pon(right) 9o00S(left) o3 bit qpeaanindo? invert codgéi (0cowsd: Digit o3 Delete
005[Bee§005) Safgprp0wr0ndee[gd Two's Complement 036330503 Gw5{geo:a0001 9300 (
Zero) 330305 TC o §eon +ve No $& -ve Nogps3a0305000 TC §oopdi 99po ( Zero) &l TC 205
(Computer gp:og€an gpiadieaadigecydoopdspdgdaodi ($& PLC qpiogt)

~14,,=1 10010,
+14,,=0 01110,

Again, all bits from right to left are inverted after the first 1 is detected. Other examples of the
two’s complement are shown here:

+17,,=10 10001, +7,,=000111, +1,,=000001,
—17,0=101111, —T10=111001, —1,=111111,

J-G Binary Codes

PLC gqp:cil 326e[0Bad:6000000c§:000900 external device qpzs& Communicate
[g1095[gE4[9b2005n External Device gpzade info gpiqupgs $¢ 83260008 external device gp:ad
info qpzcoq 332600001 Input/Output function gpsogE Binary Data qpzo? transmission
o[ manipulation cpO[gCs $& 038:00054gCs (store cpd[gés) odcloCoopdi o3 Binary Data
qPzo0pd pgPesn:c0pd8E2005 (a8) interpreted cd68E200S Data qpefydq§cdoopdi Binary Data
qP:od PLC $& PC qp2320305 32008a[ge00500pd: cogpieodqs0:c0pd8Eaondoodpad
alopEieoiq§adoopdi cpgp: ©odgs:c0pd8EqS3a0305 Salodgpa eadigPisE coeHoDEP:N? 0
$C 1 qpegC 2005005000z 20p5H AB03ad 200deodogE:s (assign cpOgsspSs) o3 “Binary
Coding” vpesloogd

Code gp:03 j §z§002:00001
() vcoedjrqps $0l05(Number) gp:o3oo Code cpo[gEsgdaogdi
(9) 203000 eodqps (Letter) 1 206od00¢ps( Symbols) $& Decimal Number

qj):@%&)éll
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PLC-Chapter 2 - Number System and Codes

Industry o> coo5$aons00pd Numbers $& Symbols gp:o? Code co6505:qpga8100201
6220503E320)qP:0000 Code cpdsd: p padesdlgaonioogdi

(0) ASCII

(J)BCD ¢

(o) Gray  o3[gdo0p5u
J:G-0 (00) ASCII

ASCII 20p5 The American Standard Code for Information Interchangesiscd
alod[gdoopd ASCII 2005 Letter gpa Symbols qpes& Decimal number gp:o3 Code cp68Ea005
Alphanumeric Code qpsfgd20p5i Printer 1 Cathode ray tube (CRTs) gps3 information gps
process [gepSepop s2ad4{gaopdi Printer | Cathode ray tube (CRTs) 020pd Equipment gpsd
information gqps process [gjopSepogE enadigpa oendgpisE c0cadagpidloCogoopd
Alphanumeric charater qpsg®[o300p3 326086 saogep 6 d: ( =o[03sonad:- upper case gp:ox)
0 ¢ @ 3203 oen§ied: $¢ 6AIC:5056(Pode: | P EOdoIEP: punctuation symbol gp:o3 6
bit code [§Eesd[g[qE{gdaop5n 6 bit code (2°=64) [9€ character GG 903as5[g8E0p5

ASCII o as-kee (3205603 ) 0p=295090560520001 6 bit 20d6m> 7 bit, 8 bit o3
c0p5{gd8E20p5 6 bit code 20p5 saagdzangep! $0lodsE 2verBIGP:d Gud[g8Eaopd
Standard ASCII charater qpza000 7 bit code (g3 (2'=128) character 128 [48§E20051 od
alopE encdieoo: (Lower case $E control character gpsdloopdogEs8€aobi 7bit code a3a0d4(q|
6] [§08E2005 character gpzzzad: (communication peripheral $& interface gp:sa0305) 03edlg
882005

Parity check o standard 7 bit code 0g€oopbagE:om 8 bit ASCII code 3a[gdso
ads{gjoopdi Error—checking [giope$3a0305 Parity check o3copbagE:zaaddggtgdoopdi One
byte o3¢ 8 bit §eoxaelo3pé 8 bit ASCIT code 205 One byte $& 3508gEmgboopdn $2-6a 0p¢
2260306zp0pep  Z 63 binary ASCII Code [gewSgoontoopdn PLC $& oofgieom equipment gpsso
[o3r:03E 606 signal gp:o3 3200820305 (Serial form) co:dfgs (Sending) coa5d[gédgiapd[m
200

& J-6 b 20p5 36c8633096p Z c0:dq§s0305 ASCII transmission [gopddodesd
[goons{aHg®o0pbi 2003y §3a90den 3205$E3290:3 bit 3300pd6) (transmission sa0[gdaopdi o
de{g®00p503 eudgeserognd) esdlgaogdi

Appendix B 03€ Standard ASCII o3@oxdgCewSgoonzoopdn Chapter 8 o3¢ Serial
Communication 39@@38:0% sgeoasgogﬂﬁs[gomsoaéu
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PLC-Chapter 2 - Number System and Codes

Parity Bit EvenP =0
Odd P =1

Pl1joj1j1j0|1]0 J01D‘I1010L

TWW Bit Number 1 2 3 4 5 8 7 8 9 10

Start
Stop

(a) Z= 132 in 7-bit ASCI| code (b) 01011010, = Z
c} 2-6. (a) ASCII representation of the character Z and (b) the ASCII transmission of the

character Z.
JG-J (®) Binary Coded Decimal (BCD)

Decimal ocn$sqp:od Binary $éfg¢ Code codfGiewdlgoonieanelopé Binary Coded
Decimal vpealad[gEslgdoopdn Binary Coded Decimal System gp:od cogpeagudon sasolelyeoqs
520905 0309E[m[gSegd0p5

(o) Digital machine gps (a3) number copdog&:q§aaogodgts

(J) Machine ¢ §§o0p5 number gpzo? §0:000q$320305 Binary Coded Decimal System
o33a03:g[o0pd

(cpgpeesd:a000) 91 80udi epi 6o 020pY Decimal ocongs (Number) qpigé
cedlgoonag€ $2:0005090520051 PLC 82098:00905000200) §anSgpsen Binary Coded Decimal
qPefgd20p5i Decimal System ¢ o o @ 8203 Digit qp:03 4 bit binary number [g€e5[goopdi
Decimal Number gp:03 Binary Number [g8esEa(gpése) eudlgfgeigdoopd @ox: j- o3& BCD
code $& Binary Number 1 Decimal Number o303 0ad03¢] eed[goon:0005i

Decimal Binary BCD
0 0 0000
1 1 0001
2 10 0010
3 11 0011
4 100 0100
-5’ 101 0101
6 110 0110
7S g 0111
8 1000 1000
9 1001 1001

Table 2-4. Decimal, binary, and BCD counting.
Decimal Number 7493 o3 BCD (g€ cod[gedag€ e320050l2038: cebg§Eacpdi Decimal
Number 7 2005 BCD 22[96 Code cpdogi€ 0111 [g6o0pdu
BCD — 0111 0100 1001 0011

Decimal — 7 4 9 3
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PLC-Chapter 2 - Number System and Codes

PLC gp2320p8:08 32§8(time) cocopd(Volume) $& saca:§§(Weight) o0oopd Data
qpzoopdcagi€ thumbwheel Switch (TWS) ¢onso& BCD Code gpegoopdo0pdn PLC ¢ Data

qpeodesdlges (Display apde§320305) BCD Code gpzo? 7 Segment display qpilg&esdlgaopd &
Jq 03¢ thumbwheel Switch $¢ 7-segment [gEew5{goozaodi

54898

c} 2-7(a) A seven-segment indicator field device (b) a thumbwheel switch.
009326] Decimal Number ¢ BCD o3e[gpEs[g€s BCD ¢ 7-Segment switch $& Seven-

Segment LED gpzac3&d 3209000301800051 Built in cpoonzaogdi

$2-8a $C ¢ 2-8b 0gEesdlgoonoopdi BCD data o PLC 2203E:S Binary Number
2[g068e[gpts (Convert cvd)oopdn Input $& Output BCD Data gpezacgod Input/Output
interface $¢§059005 @ BE: g BCs( 4 line) a3dlux[o3 G [PFmeaddgjooso0pS Decimal digit
CalleplcICa RO teatoatel

One-digit
One-digit e
TWS i

Four wires Four wires

provided per BCD BCD provided per
'_-di_it_ input output
M to from

BCD number p[c PLC BCD number

BCD converted
to 7-segment
inside display
(a) (b)
¢ 2-8 2-8. (@) Thumbwheel switch converts decimal numbers into BCD inputs for the PLC.

Decimal converted
to BCD inside TWS

(b) The seven-segment display converts the BCD outputs from the PLC into a
decimal number.

JG-9 (0) Gray
Gray code 20p5 cyclic code qpzel 320dsa008:(Series) [§620p51 3200§:0305 (Series)
[§9@0 Cyclic code gp:zaB Groy Code wpesaopbi Cyclic Code qpso? reflected code vpcopdsasl

acp§aopdi Position transducer (00pS8epesep! capoddepesep)adesdlgas qpesslgdoontadisin
20001 Binary Code qpzoon|gd{o300p5i oo§o3:qpodamn(gls(qpsconfats)odeqogodom bit 0od9
00p5:03 axe|gpEieosgigdoopdi

Gray Code 03 angular position gpso3eed[ge$eecgod sagpradeaaadig[eyoopdi @ v g
o€ Binary $¢ Decimal equivalent o3 §E:apdesdlgoonoogd
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Gray Code Binary Decimal
0000 0 0
0001 1 1
0011 10 2
0010 11 <
0110 100 4
0111 101 5
0101 110 6
0100 I 7
1100 1000 8
1101 1001 9
1111 1010 10
1110 1011 11
1010 1100 12
1011 1101 13
1001 1110 14
1000 1111 15

@ox: J-§) Gray code, binary, and decimal counting.
Gray Code 03 322gj002:0000 poedod9en Absolute encoder [gdoopdi & ¢ 03¢
absolute encode $& encoder ¢ 0god20pd output o3 Gedlgaon:odi

Gray
¢ Code
Phototransistors
Gray Code Output
—— | BCD
Drive Shaft Ouepat
Converter
Rotary Disc

Optic System

c? J € An absolute encoder with BCD and Gray outputs

J-9 Register Word Format

PLC gpeeancdieiznoys eeonlgndoepiiean operation qpesmscd:o? binary format
[§800 (0 $€ 1) [groS20p5 PLC 6 CPU o Field Device qpzada3 write cobo0pd Data gps 1 Field
Device gz 98¢ cpdi005000) Data gqps $¢ Field Device gzl I/0 status gp: snsadzo0pdoopds
binary format [§¢ Read (33,) write co&[o300051 16 bit qpegewdlgaoniongd number qpsé Code
qPeg¢ 8200050l operation gpzad [groSo05i
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PLC 2003855 Operate cp&000d bit onerogpsa? eedlC:d) word vpeslaopdi soeq), 38:0p¢

e65[glgdo0p5n PLC Word gpzo? register (a3) location vpesloopdn & 2-10 o3¢ byte word
9[9E30p5:000:6000 16 bit register oxdodesdlgaonoogdi

Most Least
Significant Bit Significant Bit
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

\_/—v_\__/ \_/—V_\__/
Most Significant Byte  Least Significant Byte

Figure 2-10. A 16-bit register/word.

Register 00693203825 038:0005:000:0005 Data qpoopd binary format (0 $& 1)
qPegSlog eo05c0pd: PLC qpsond9sEonde Binary Data gpio? o936:e0p5:0qE: woppd[mcol
GuoopoozgE Data qpso? Straight binary (noncoded) 6 (o8) BCD format O06§jege
0382000540360 00pdN esmndopEewdjgoonieonn Format j 903 copcmlogpdqesane
J:§)-0 (o2) Binary Format

Binary Format [q¢ 038:e0p5:000:0005 Data qpso? p8gjeoo> Decimal Number
2[36a30305§0de[gpE:cd8Ea0obi wpdoopdenor3e8:0 vl 16 bit binary format
[g8e0[ySEa000 FagpradionSaBien Geagosoo [gdaopdn & J-00 0z¢ Eggosoo o binary format
[g&eodgoosanpbi binary format [g¢ Device gpzel Status [g6@ox on $E off 0303 0 5E 1
[g8e0[y$Ea000n register 3203E:§038:0000:000:0005 0 $& 1 03 PLC o5 ON a3ewrod OFF
2[g090d0pa051 005p5: Device gp:6i Status o3 register 83oopod word 32038:5 286:e0058
002200001 ©0dcn:00pdwIE[gPER§ oo

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

TPyttt

(P 2-11 A 16-bit register containing the binary equivalent of 65535..

$ 2-12 o3¢ register &1 MSB o3 Sign bit ( 3260132505000 a3eedjgaogd bit) 339

22054gj0022003 Ged[yaon:00pb BefopE 16 bit register 0E a38:0000:8E00pdma¢p2ed: Decimal
value ¢o +3276710 [96[Gs 2050:ad: Decimal value ¢ -3276710 [gdaogdi
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Sign Bit
}

15 14 13 12 11 10 8¢ 8 7 6 5 4 3

0111111111111111|+3276?1C

LS

0

15 14 13 12 11 10 ¢ 8 7 6 5 4 3 2 1 0

1000000000000001"3276710

c} 2-12. Two 16-bit registers with sign bits (MSB).

Binary [g&ewbjgoon:aopd Decimal equivalent 00§03:qp:ad (DN [9¢ p8gjeoom
00§03:qp2a?) sun of the weight method o8 223dye) cAIEs §051 Glgrodt @2 ©20p50z05q05¢
(calculation ) gp: [g[p68Ea00n & 2-12 03¢ eudlgoonoogd 3276710 il Negative Number o3
two’s complement $p5¢g¢ c[ypEsopc00:20001 Convert apdooza00N

J§-J (®) BCD format

soodomn$s (Decimal digit) 006932 bit Good 3a29dye) BCD format [gCewsdgSEaopdi 4
bit [yCewd[y8Eo0pd Decimal Number gpsen 0 ¢ @ 3203[gdo0pd PLC gpsoopd Software
instruction qpsg¢ Data manipulation o3 BCD format [y&{gicpSo0p5n

BCD format § 16 bit register o3saads{goq€¢ s00S0mnSs Gad:o? a88:0000:8E0005i( 4
digit Decimal Value) souSamn$s GadslgE oooo © eree 30360d[y8€aopdi ¢ 2-13 o3¢ 16 bit

register o3 3203¢gs] BCD 9999 o3 audlyoonzoogdi
1514 1312110 9 8 7 6 5 4 3 2 1 0

11010111110 |0O|1|1]0(0|J1|1]0]|O|1

9 9 9 9

@ 2-13. Register containing BCD 9999.
PLC gp:ai register (a3) word socp&:0p€ 236:e0p5:005 BCD on§aBsqp:od thumbwheel
switch 9one0g c0pdag€s0000n & 2-14 o3¢ 16 bit register 220385 4 digit thumbwheel switch o3

32003q| BCD Data q:038:0005:003605[gaon:0005

BCD Output
«——To PLC

(P 2-14 A 4-digit TWS using a 16-bit register to store BCD values.
pow 2-1
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PLC &1 16 bit register 320385 §eo0o BCD number 7815 o3 4 digit — 7 segment display [§¢
§0590056] eedlyoonoopdi 7 segment display &1 MSD $& LSD 0303 cwS[gdli
=6y
$ 2-15 2005 16 bit register $& 4 digit 7 segment display 0303es5[goon:0000n PLC register (23)
word ¢ BCD output o3 7 seg display a3co:do0p5n (output interface ¢ 00e0¢) (Scanning
00065032038 write (00qS (a3) update COOgSsa0305)

4 Bits 4 Bits 4 Bits 4 Bits

0111 1000 0001 0101

Ar—
From PLC
O |C
) L)
N U B B
Most Least
Significant Significant
Digit Digit
c? 2-15 A 16-bit PLC register holding the BCD number 7815.
[§:u
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