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Development of a Programming System for Sequential Control
Using a Graphic Organization Language

Kum-Hoan Kuk*

ABSTRACT

PLCs are vital components of modern automation systems, which have penetrated into almost every
industry. Many industries have a demand for facilitation of PLC programming. In this study, a program-
ming system for sequential control is developed on a personal computer. This programming system consists
of two main parts, a GRAFCET editor and a GRAFCET compiler. The GRAFCET editor enables us to
model an actual sequential process by a GRAFCET diagram.This GRAFCET editor is developed by the
menu-driven method based on specific menus and graphic symbols. The GRAFCET compiler consists of two
parts, a GRAFCET parser and a code generator. The possible errors in a drawn GRAFCET diagram are
first checked by the GRAFCET parser which generates finally an intermediate code from a verified
GRAFCET diagram. Then the intermediate code is converted into a control code of an actual sequential
controller by the code generator. To show the usefulness of this programming system, this system is
applied to a pneumatically controlled handling robot. For this robot, a Z-80 microprocessor is used as the
actual sequential controller.

Key Words : Sequential Control($:3F A|o1), PLC, Graphic Organization Language(Z#¥E 23 ¢}),
Programming System (Z27#7% Al&H]), Z-80

1.M B AL £8% A Fodn Ih® £8 AFH dA

4] A% #2293 9 AVEEe AL FUHR

F o] PLC{programmable logic controller)e ¥ Atk A= PLC H/W €2 W 238 PLC S/W
A 2 34 AFHE 9Fei2M I F840 B A Fgo] AR AAoIR. = g A%s 249 R R

* A% A AASFHE, A5 L AFE £8 V)& A7)

24



A2 YU T EH A A138 A4E (1996 49)

PLC 4&39) H/W, S/W 289 3 84| A3t ZAH
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e A% Aoz thA 7l T WA HT
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& PLC &9 Alo] Z2aWE& At Yot v o]
el PLC Zaodd AL o) wiaz o
Hole] F= Fgo] Hr}, o] WL ¢J3to] WA
aaz e EE 4RSS A9 F= dge] g
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22382 /8 PLC 7 98 4 S Z2a9 He= b}
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Eol oA AA Age] Gl = AL2A F7 8 &
¥ olct,

2 Ao 54L& ¢ Ao A4 5F& PC(personal
computer) & ol43td 1HY 2 A4E F el
GRAFCET 9o]2 Rd¥# & Z4E RdZ2H +£7
Aoi71e] Al Z2adE A YA e 2o
A2l g et Aoz Av] A wA Ha e 4
T ¥ F A Aoy ARNE) FEL AG HF
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tion chart)5% & 2 AE e 179 =4 A
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Fig. 1 Petri Net as a common internal model
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Fig. 2 Structure of the programming system
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3740 FHE A A13H A4 (19%6d 49)
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Fig. 3 Program example described in GRAFCET language

zayy Az AdE e ALz
GRAFCET tholok1¥ F48AE (step, action,
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Fig. 4 Graphic symbols for GRAFCET editor
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Table 1 The Data structure

TYPE
X Y
PAGE WIDTH
PRX1 PRY1
PRX2 PRY2
MESSAGE
LCHILD RCHILD
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Fig. 5 Possible connection between the graphic symbols
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Fig. 8 Symbol table editor
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Fig. 9. Structure of GRAFCET compiler
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Fig. 10 Handling robot system

Table 2 Time chart of the handling robot system
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(A = IN A, (l2H) BIT 2,A
(%z‘ ) (z-“o-‘ ﬂ"_) SET A J¢  Z,WAIT11
ouUT  (12H),A I A, (20H)
WAITS: IN A, (10H) RES 7,A
A003 S . BIT 2,A SET 6,k
002 RonG oonITIALIZE JB Z,UATTS oUT  (20),A
IMPO: ED . s2,2800m IN A, (20H) IN A, (12H)
AD03 LD IxX. 2000 RES 0,A SET 4,A
2004 LD  (QFRONT),IX SET 1,A ouT  (12H),A
T005 LD (QREAR),ix OUT  (20H),A WAIT12: 1IN A, (1l1lH)
Agog jmmmm——- -INITIALIZE RouTng | 'orrer IV A, (10H) It LA
AOO7 LD A, amH BIT 4,A JP  E,WAIT12
008 oUr (13H),a JB Z,WALTE END: HALT
A009 oUT (23}1)'.\ IN A, (12H) H
2010 iD A 8on RES 7,A 3 < QUEUE ADDITION ROUTINE »
A1l oUY (33H),A ouT  (12H},A 3 INPUT DATA SHOULD BE GIVEN
1012 LD ALFFH’ IN A, (33H) i IN REGISTER BC.
£015 oUr (3H),A SET 7,A 3
JP BRCHO OUT (32H).A oUT  {32m),A QFRONT  EQU 2100H
A023 oUT  (30H),A IN A, (12H) QREAR  EQU 21024
A024 ’ SET &, QADD: PUSH HL
T025 OUT (12H),A PUSH AF
A026 sgp gL WAITT: IN A, (10) LD ML, {QREAR)
A027 ouT (izu) A BIT 1,A INC L
T0Z8 WAITO: IN A, (10M) JP EWAITT INC L
A029 BIT 0.A IN A, {10H) LD A, 10H
A030 IF  Z,WAITO BIT 7.A ¢ L
7031 aMPO:  IN A, {32H) JB  z,BRCHI Jr  Kz,0L
A032 RES T:A IN A, {20H) LD L,00H
A033 oUT  (3zH),A RES 2,A ol LD A,
A034 IN A, (12H) SET 3,4 LD (QREAR),HL
T035 SET 7,A auT  (208),A LD ML, (QFRONT)
5038 oUT  (12H),A WAITE: IN A, {10H) CP L
JF  BRCHL WAITI: IN A, (10H) BIT 5, Je  Nz,02
AD4E BIT 2°A JP  Z,WALTE JP  EMGNCY
A047 P Z WAITL ap MPO Qz: LD ML, {QREAR]
T048 N A’(ZOHJ BRCHL: IN A, (12H) LD (HL),C
JE IMPO RES 1'A BIT 7,A ING L
BRCH1: SET 0. JP  NZ,END LD  (HL),B
& QUT  (30H),A IN A, (21H) POP AF
h039 WAIT2: 1IN A, (10H) RES 0/A FOP ML
AG40 BIT 3.a SET 1,A RET
041 A zlwarre OUT  (21H),A 7
AQ42 ™ A'(ux-x) WAITS: IN A, (llH} ; < QUEUVE DELETE RGUTINE >
A043 REE 7'A BIT 4,A 3 DATA RETURN IN REGISTER IY
A044 our (izw}.A JP Z,WALTY ;
TO45 IN A, (324) IN A, (21H) QDEL:  PUSH HL
BRCH1: SET 7°A RES 1,A PUSH DE
s our (32n).a SET 0,A FUSH AF
a016 IN A (13H) OUT (21H),A LD HL,{OREAR)
AO17 RES 4’A IN A, (12H) LD A,L
018 ouT (izn),A REE §5,A LD ML, (QFRONT)
A019 WAIT3: IN  A,{10R) ouT  (12H),A ¢ L
A020 BIT 1,A WAITI0: IN A, (11H) JP KRZ,03
2021 Bz uArT HIT 3,A JB  EMGNCY
T022 IN A (10H) JF  Z,WAITL0 Q3: ING L
BIT &'h BRCH1: IN A, (11H) INC L
JP  3,BRCHO BIT 3. I A0
IN A (20H) JP 2,END ¢ L
RES 5,A IN A, (20H) JP  NZ,04
SET 4.A HES 6,A LD L,00H
oUT (3om),A SET 7,A o4: LD  E,{HL)
WAIT4: IN A, {1liH) WA ouT  (20H),A e L
BIT 0.A ITil: IN A, {11H) LD D, (HL)
JP  %,WAIT4 :gg“ ‘1’5
IN A, (32H
e for &
o
UT  (32H),A or W
RET
Ls
: QUEUE OPERATION ROUTINE
i
QoE: CALL QADD
CALL QDEL
JE (1Y)
Fig. 13 Intermediate and control code of the handling robot system
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st A Z2ad" A AHE A EE oFE Boln
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o]l AEY Aadle B2 FAE 27 29 WA 7
% ZH) FZ(PL R)7F ARAE ST 294 & #8 3%
2EE AFAAY 289 o /) Adde 5L 4G
2 AdHME 294 E 53 HAHT Table 2 & &Y
AEd ditd FaAdt FAHE W) v wE 4
Ao BT 4%d F 79 vIE 29X 2 B8 &
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Fig. 11 & Fo7 P A 2de] FHo &
GRAFCET tholof1#o] 1 Fig. 12 ¥ GRAFCETH
olopa o t-gd= AYW go] &l Fig. 13 &
GRAFCET A9Y# e &89l 52 3T 9 ¢4 #017]
o] Ao} Rxo|t},

|
=

7.2 B

2 AN w3 Ao &Y 522 PC(personal com-
puter) & ol &8t 2Pz A4S F
GRAFCET 92 Rdg ¥ A4dd Rd27E ¢
Aoi71g Ao 2=E AF A4 F= z2adY A=
98 ettt o] Al2RE VGA 1¥ Bt A
¥ IBM PC/AT o139 AFE A o] &2 & g} =
YA =Y AR #2 FF W4, /0 port WE,
I/0 bit M=, 2z} 2913 T2 4] £& A HeolEn
I/0 B¢l %o 493 & F GRAFCET tholo}a#l & o
Hol 87 Ho Bl et A & £ gic}, AE H
o83 1/0 A9 E FA-2 AHgANAl &2 Aoi7] 24
g AAZE &8 B o= A= 7leq A& 27
A o|HE 8 TE E AL Tz AN
0 = gl Aol B2 o8& A4 &L gritielo}
23 A4 AdE "3 27HE Ao}, ¥H
GRAFCET thelepz® 2HJA] glejctelobnsi}E a4
715 RE] dEAHE 1HY davt gz WAd
GRAFCET 2] %% (syntax) A& A|¢g& Loz Hr}
£4A GRAFCET thelofz® 24 & & slrhe3e] 7]
2 Yvielofad Wy B} Joidoz S5 B A7
9] &3)olt}, GRAFCET parser 7+ A48 GRAFCET
tlolofid ojm] i} o E A= FrE o] AP E
4 2E 7153 o3 E AAY ¥ = generator o <
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Bl 8 7H = Ao =7t AdEn). 2 220
P Alzglol] Ha UHRJEJ 7 ‘5 A7} Ao Foel Ag
A EA, ok &1 B ' & 92

£ 478 88 =4 PLC *M A ZHeA PLCY

Y zH B4 A PLCS man/machine interface
71%2 GRAFCETS o|&8ied 24 A & & e 7}
A€ Bgon, PLCY g &3 Aoi7] AlgAL SddA

T2} Alol7]9] AP Z2a¥ A4 Aol F2 PE A
o] A= sl ZA o EF uat T4 Aojy) By
2 #A Fgel oigE A9 EAAE 2 AA 7} docu-
mentationd FE GRAFCETS Alg&ezA o7
A 2 A Aol Bh &R FA E F
AT Btk 59 £ e ol& 5 o2 A7) A
Azt AR B A E3; Alol7] AE 7173 vEg
47 & 5 g shvhe] o] E 5 gl
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