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Discrete Event Model Conversion Algorithm
for Systematic Analysis of Ladder Diagrams in PLCs

a4 =3

(Bong-Suk Kang and Kwang-Hyun Cho)

Abstract : As product lifecycles become shorter, factories are pushed to develop small batches of many different products. The highly
flexible control systems has become a necessity. The majority of existing automated industrial systems are controlled by programmable
logic controllers(PLCs). In most cases, the control programs for PLCs are developed based on ladder diagrams(LDs). However, it is
difficult to debug and maintain those LDs because the synthesis of LD itself mainly depends on the experience of the industrial engineer
via trial-and-error methods. Hence, in this paper, we propose a discrete event model conversion algorithm for systematic analysis of
LDs. The proposed discrete event model conversion algorithm is illustrated by an example of a conveyor system.
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Fig. 1. Block diagram of the proposed discrete event model
conversion algorithm.
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Fig. 2. Example of the Boolean equation conversion algo-
rithm.
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E(Y;, Yi)=P;
else
E(Yis Yi)=P;
endif
end
endif
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Fig. 3. Flowchart of the discrete event model conversion
procedures.
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Fig. 4. Structure of the example of the conveyor system.
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Table 1. Dfinition of the variables for the conveyor system.
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G
(@
‘()

Bo )™ (p) H b
(c)
6 > )

(e)

19 6. Zduo]o] AlxEle] AEjA
Fig. 6. State diagram of the conveyor system.

Aol - AF 3 - Al2gFst =24 2 8.4 A5 5 2002.5

T3, 49y B F31 WREH Mo Al AE MsiE
Mss=Ps3s. P3. Ps0] 5] B2 T 26 0] 516 E(Ps3s, Msg)=Ps.
so] Flo] SDE HEatT 19 6(e)h 22 Al H =7l "t
3 Mse] 2l Al A Ms, & Ms,=P5Ps 7} 5 o] E(Mss, Ms,)=
Py Ps o] ¥ B 2 Ms,9] SD= 18 6(f)7} €t
1% 63 zbo] LD9] Z47he] &30 tiste] SDE 3 ¥
o] & A 3o bl $HEHE Fxete] At 19 77
2o ANE AL 5 Uk dE B 29 6(e)= Ps.Peol| 9
3 Ps3soll A Mss2 Mol 551 19 6(d)= e ol 9Jshed Pyl
A Psi = o]tk o 71A, JEART e 0] A7t
7] o 2R 73} Zo] e o 93t Pyl A Psi 2 o]
3 & P Peoll 23} Psp ol A Ms &2 Holghg & ¢ At
1% 79 SDE [5]91 A At o] A R A 2 1E LDZ
W3 daaEe A43te] LDE W3A7IH 13 83}
o} [5]ell w29 o] A AR DS LD

O

AR e A
2 Hgste s Aad e s4AGE AT S
oJAAE DS SEd WA o2 HAE ¥ LDE Wi}
A deh 2 dAdd A= PLCY A7 7]%5S aefste]
S A7 FAE A A (& Fobete]l dEAH
AR 9487 22 45 o dato] A@F=0 A
"ot s ek #7475 3 [S]ell A AltE daelEe
7o 2 ste] Y 79| SDE LDR WA 7= A& A
st vt 2 o7 M, FEA =R ER Y S8 HA A
7]

A& Q) ALA () tiate] Tk &34 2]
ATt 1 @y, aye, aicy, @, @i S B FEHE(22Q)
t¢] Aol 93t AR Holsof glvka 7}A )
(@, aiv)=aolth G71A, o= YEAGH L @
E=e( a;, a;4))E ¢E%Y EH
- H A 2 B A °] 8t A& WHEFHTE B g
{0, 138} £: Q{0,1}& T334} Zo] AHrh: f( o))
8 a, By= ¢, o ‘I'o] a1, 1 &9 A= 0otk 714, o
Ao g5 2 A e o2 FE A Bl 93t dH o2
ol & YEldTh gl 2)E a,€Yis0l L a;EYiso) A i
=i A €Yol 8A a,€YiolH g ) a)0] 2 L
9o %’-or% 101‘4- °]“H A7 je AEPE(E, 1<j<N),
d t 1<i<N), 22 s= A A, 2} r2

o
S~
N

rlo

e g

v‘l
¥
=

LU

e

o 2
2o
I 3 o
fu)
it
T
ul
e

—’;’— g HE NS AHe] 5 Y e
HEs 94%'—%?—% *PEHFE— Zbzk vrebdich

PP

€
o 35

2% 7. Aolele] Aol 2HY JUAE.
Fig. 7. Combinated state diagram of the conveyor system.
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