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ABSTRACT

The Programmable Logic Controller (PLC) is widely used in industrial by using the
IEC 1131-3 programming language. The ladder diagram is the most popular language that
similar to the electrical schematic diagrams which does not have the step and sequence of the
operation. Therefore it is difficult to understand and develop the program structure. The Petri
net is one of graphical models that can be explained the system operation easily and clearly. This
thesis presents the computer sofiware that developed by Delphi to transform Petri net to Ladder
diagram and implementation to control the processes through PLC’s mput and output. This

software can be applied to another application on PLC as well,
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U577910 output Place 92158031 Sink Transition

2132 nm‘hm%"mnmn (Marking)

T30 2,16 szifhunTsiansians Marked Y04 Petri et Bandas Placed31/359
fw  msaudnian #u3endt Token 138 Marks Fa9zu3590g1u plice Pi 510z ws0
1381731 M(Pi) 130 mi n“m%’n“luﬁ'aatin‘lu;ﬂﬁ 2.1b 1115102 1891 m1 = m3=1,m6=2 ag
m2 = m4 = m5 =m7 = 0 FWWN3 marking (M) szamsafmualaoname sl ddiide

M = (m1,m2,m3;m4,ms,m6,m7) F191030% 2.16 Foz 137
M = (1,0.1,0,02,0) 1at# marking fiaaison/dsias 1 Tasms firing 989 Transition
M3 firing 11802 Wil uerie huadosio 1y

2.1.3 M3a9P4 Tokens VoM T UTat (Firing of a Transition)
mnem i msiadeudinasmanlanilasos Tokens fiog1u Places sniaz
seindoudilgdn Places 8% TAoMIM Transition Woufuszunldnmstiten lviindey
(39 token 11 places 137) dmFumsAamansel (wansition) uﬂ:mﬂﬁ‘lﬁ’mnmﬂﬁﬂm@
nsaioziiuedials (§1u9m token TiRaTLI L place 811) tifidenvedls
1. transition t9219M 1A31 enable (W%ﬂnﬁﬂz‘ﬁ‘l firing) lﬁﬂ‘l@ﬂ input place p
YDA t T 1UIU tokens 88197109 w(p,t) L weight Y04 arcs 91 p 11 t (Pre Arcs)
2. transition ‘ﬁ enable 9911 firing wielif'ld
3. M3 fire @13 enable transition t 92818 token $1UIU wi(p,t) dIMTVUARL
input place p Y84 t HAILATN tokens $11U3U w(tp) IHAIGAAZ output place p Y04 t 39 w
(t,p) f1® weight ypauAAL arc 910 ¢ 1) p
mn;ﬂﬁ 2.2 a,2.2b, 2.2¢ (AOUMSfiring) VUL enabled 5121 UHAA Place
P1,P2 1l Token atarfeufiganhiuwiieiarty d1lugadl 2.2 d v enable 31z p1 il
Token
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A3 firing Y4 Transition Tj 91lsznev A5 Token 910 input place 11/
as o =2 & 3 c; T 1 22
89 output place Tagazdeeriilsdavoadmuaves arc 115 unsaar 1y Transition Az

_ 4 § ol
enable 94 Transition A28 FevzuamsIviviulddegui 2.2

Before
firing {

O dud by O

3 i 2.2 Firing of Transition

2.14 izﬁﬁé‘fﬂhiﬁ!tﬁzﬁzuu1ﬁﬁ'ﬂiuﬁ’ﬁ(Autonomous and non autonomous Petri
net.)
nglit 23 iugiluesd 9ggn 13 eTFwAAZ Place uuﬂvgi‘lqu]ma Az ggna
fhufoznlaon 118 Taons# 501 Transition cnable mnuﬂy!ﬂaﬂumnt}amﬂﬁmlﬂmﬂ
f]f]mammﬂwmimmrmﬂ'smmmnmﬂaﬂuuﬂmqﬂmau fuvzAeufoundasiunaze:
[ 9 o 55 J 2 o A a o o A!i.l
WA Transition enable Yuiaz firing lammanawiuigsmsifamgnssinyaeiis

wannsaya I8 uiudungdnssuves Autonomous Petri net
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Autumn

g‘l]ﬁ 2.3 Autonomous Petri net
= o . & a g
31 2.4 %quummﬁﬂﬂﬁaumsmuumms"wnﬂmaﬂumsn'mmwNmuamﬂﬂ
U memmnﬂﬂﬂmunquamsmam“thsmumwmu HAZAALINGIgANYANTT
Fadnade “luiﬂm 24 1y T ATy Marking 'agm A0UZNIAN TN ST
vt I8 adeite Transition YPINTAAIN (T1) enable 146 T1 9% enable P AT

Qll é - y 1
MITIUNININDIWUDN FINGANT TNV HILITEA 1A T Y non-autonomous Petri net

Start-up
order
Tl
P 1 P2
Stoped Working
state state
Stop
order

g‘ﬂﬁ 2.4 non-autonomous Petri net

L7

215 myanymua MINanIY

9 o

Tumsiinldda wanwalazAdinanme 9 1muuuﬂ~m1mw“lumsms1
WIVIUNALOTUNY Petri net
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Tugui 2.5 Wunsuaaens Mark vea Petri netTasdmualdifounglugilves
.& Y ] 3 LY s
Column Vector 4113150 19 ud1euTasns Transposed g lddydnyal [ 1 unu
WATAF 1AL () INY transposed

T
M, = (1,0,000)=[10000] =

OO0 0 O+~

JUN 2.5 uareeamuziGuauYes Petrinet
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M, M

§1Jﬁ 2.6 UAAINIT Reachable marking

fIAUMLL Mo 97150 crable 7 T, foavisfonnsdus firing flozld M, =
(0,1,1,0,0) nazezlddadnualifiy
Mo [T,>M,
fidun1ie M1 92 709 Transition 7 enable ogAe T, Uy T, fus firing u& 0z 18 M,
uay M, ¥affez 14 Augdii 2.6)
M, [T, > M, = (0,0,1,1,0)
M, [T,>M,=(0,0,0,1,1)
fdumia M, 7 T, enable 17t Transition o7 nazdn firing 1820218 M, [ T, >M,
=(0,0,0,1,1)
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dMIUR M, T, enable fumiadon &1 firing fov1d M, Faifogludumia M, uia
u T, A enable fi69 Transition iAeauziile firing T, 1d2viu ez 18Had Wi Mo Sna s
Aufumgmsaliduiindramnsa@onladn o - {Mo,M,,M,,M, M.} 11a2a313
uaea ldaagzii 2.6
:!'{ a 9/ = 3 1 [V . a 9
I UTHAUN Mo TuduNsn T, enable ABNT T, enable H&a910M3 firing Foz'18 M2
a Yt 4 A
NS 1ddauuumi fe
Mo [TT,>M,
o w . &
T1T2 iHud1duns firing Fudlou'ldde
S=TT, llaz- Mo[S>M,

o Qs

2.1.6 AMANTANA ALY (The essential characteristics) Yo UNsVSIung

%
 ,
N

Petri nctl‘ﬂ‘uﬁﬁ 'I']flﬂ‘ﬁuﬂﬁ’]lﬂﬂ’”ﬂﬂ'l'i‘ﬂ'lsi'llﬁl’ﬂ\ﬁw‘ljﬂ Tawis "I"D“’G!E)\lliﬂ‘l-ﬁ

fenuaniAvesiy Fihd oz ldndviaunie snuaiAineIferrunIniTaseuiieh
1

msﬂwnn“ﬁnmsmva;jﬁwaﬁvw (Livens and deadlock)

MIna marking ﬂﬂ't]tl g | mﬂ‘ﬂuiﬂﬂﬂﬁ fireable YB4 Transitions 11!0111 Petri net
v Diaunse fircable #i0 11 1R8N TUMA q Meves Pewri neuidrvzrin sz uudivinmssen
uuviinamhoziiugs um:ﬂaumqﬁlzuuuaum:mﬂﬂtgm

Transition Tj WAIAN1IEA WU (live) ﬁmfmmu:ﬁ:uﬁ’u%d Marking Mo hy
MiE*Mo 3¢A096H Tj uﬂﬂg\um:mﬂamﬁuwaaﬂ Transition live ﬁyﬁmwﬂa%mﬂﬁqgﬂﬁ 2.7
nngY 2.16 2 wiuhludwunsitin Mo vedszneudasms firing 8y 2 d1AUAD T1,T2,
Mo[T>MI iz M,[T,T >M, uazesiflusdsiliten 7 ieiins firing 1971 Mo 2560 T1,T2
T live damluzidi 2.7 ﬂzaﬁu'lé’h'wv'lﬁmminnﬁﬁm Mo I8 Fuileins firing T111ud
T, hid w130 enabled "lﬁ’aﬂ darfu T, %4119 live Transition 1102 Petri netvg Live &iffenn
Transition Y94 Petri net‘uu live

Transition 1T quasi-live 1 Transition uunTaﬂmm“ fired ﬂﬂ‘u‘iﬂ‘lfl 2.7b TI
T1 49N fired nilAsaAouTios INam138 enable I&naen 1yl Tugzald 2.8 naaaliisiud
quasi-live Petri net 1uns firing mnﬁmuwmmmmmimu Mo. Mol[T >(0,1,0,0,) ay
Mo[T,T,T,>(0,0,1,0) Fuffunisugaiu firing 5313 T,T, ( <P,{T,,T,} # Transition 4 firing

Aowdlu T, vz hiannsa firing Transition 811450



-a- -b-

r i (
P1 Pl Pl Pl Pl
TI Tl Tl T]. Tl
P2 P?. PZ PZ PZ
T2 TZ T2 TZ TZ
p p p

MO Ml
T3 T3 T3
MO Ml MZ

§U 2.7 uaaems Livens

Deadlock (W5 sink state) U5 ngmsaii luannsadive firing Ao 111850 Saitey
srgnzUiuuynszuLiiaiadn1: deadlock nazszifudaiingunndeiornan lddeluszuy
a1 lidean1s1¥ifia deadlock #3ona199n1Tenile deadlock &8 marking #1iasoeg
enabled 1480 910131/ 2.8a e firing T1 1Z295 1Mo dHE S0 M1 (0,1,0,0) 3 Marking i
Ao deadlock lAgPetri net ez IR IuTIY deadiock-free dMmIUTNILLEURY Mo 1
iife firing & lidmnsaidam Mo 1R Tasazvegiin

Tug1it 2.8 15 deadlock free Potri net &1 firing T1 92 & Marking M1= (0,1,0,0,0)
uaz 3,15 921y live Transition 11AM3 Marking Tinziile firing T2 S0y lddnyasiiefy
éﬂﬁuﬁ'ﬂﬂ‘i‘l deadlock free Petri nets

MWBING  MSINA livens 1A deadlock ﬁy'uazifuagjﬁ'nﬁmu:ﬁ"uﬁwmnﬁ Marking
MosuirannzFudureins Marking Tugiil 272 g Mo = (0,0 ozl deadiock
uaz hiil Transition 1 enable 106 110317 2.8a vziiiud3 iy quasi-live az xSy deadlock
iio Mo =(1,0,0,0) At Mo = (0,0,1,0) v lia DG Tive Petri net 18 Suvziiiy
deadlock free nu
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tinvemmnme Wezoomn R ianse s

-a- _.b_

UM 2.8 Quasi live Petri nets. ' (a) With deadlock, (b) Deadlock-free

MsrogueannnIima  (conflicts Petri nets)
. 3 BN LEAA £ - Rl .
Conflict 1uTﬂsaﬁﬂwmsznu conflict NABLID Place Huqni‘lu input Y84 Transition 9I1UIU 2
3 1 ]

Transition W30MARINIU ANNAAIIIZUN 2.1 §) Place P3 1§14 input Y6 Transition T3 113 T6
é 4 < o 3 o s - 1 ¥ &
Huile T3 110z T6 1AAMS. enable Woumiiu wilidesdadiloin: firing Tumalads
ansoowldiy K =<p (T T, )5

HOVBIMIUYIVUNY  firing Y84 Transition wiilunisnsegueslasaadin) oz

. ] o . » o . e i ‘é

113 Marking(M) 1¥W 91%3U4 Tokens 14 Pi 198031 $1171 output Transition U4 Pi %99

enabled Tag M

60494
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M, My > M,
Pl
Tl
P
\ T2 | T3
P3
-a- -b-

3‘ll‘ﬁ 2.9 (a) T1 uag T2 1y Live T3 lifu quasi-live.

(b) T1 oz T2 iy tive , T3 1511 quasi-live.

Effective No effective No effective Effective

COI'IﬂiCt conﬂict Conﬂict Conﬂlct but
| ' persistence
P p2
|
|

i P1 il i P3 il P1 i' I:)1 l
l Tl T1 | T2 | Tl

Tz) o
-a- b- - d-

3 U 2.10 Conflict

Tugiii 2.10a 57 Tassadumsunants K=<p1,{T,T,}> Transition T, 1102 T, enable
1 Qs 4‘ o = 1 o % 1 s
uAlu place i Token figadufie ez Ififanaveanmsndeiu firing sening T,MT, Ao
Ke=<P {T T.}M=

Tugilit 2.10b 9231 T, enable ifissduAes 39 hifimsudawdeiy firing
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v 9
clugﬂ“?l 2.10c Transition T, Ing T, enable ﬁ\iﬂ ualu place 191494 Token 8¢ 2 Token
9 3/

AU U Transition MNTBIVIANITA firing Wi ouAU'1A

lugiit 2.10d Banduiueziunisudeiusiring sznane T, naz T, ndexd Tnssada
mw1z @zl oz liauns firing wiouiul&udiile firing 1ud 923 Marking ndundadn
4 o qw . v & @ 4 a . .
vl firing U]ﬂﬁ] NYUNANTUUVVUISITININ persistent Petri net

. e _ L2
M0 Marking 1Hudiumniiaveansfim Mo(MiE*Mo) Petri nets 111921)519910773
SR 3y
UNALYUND firing Transition
M38INE Multiple firing ADN15N Petri net 1159 firing 1Uwdousu'ld uazildwidy wu
§ o & o w : £

Tugulii 2.6 91 M, sziihu Multiple firing Faoz@Aumy firing 1y [1,7,] Faoz &y M, ne
o1vzlon |8y MIIT,T, > M4

§‘ﬂﬁ 2.11 Effective conflict and persistence for a Petri nets
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2.7 nslveanfeariang uaz nnvluuudals

nvveanFeavang (Graph of markings)

Graph of markings ahadunIiaeandestunts firing Y94 Transition A4 9
nazudumams firing F10zou i Tokens floglu Place veadazduluns
firing

111;1]1:‘% 2.12a fig ANTUEMTHNIUYBY Mo = (2,0) wozlugal 2.21b Afe graph of
marking ¥8431/71 2.21a Feoziftu 18109 Mo T, wiouiiozyaud firing Aoz 14 M, 111
M,[T>M,, M[T,>M, eoziitu I8 g 2.12a nag b Saowdaiudluns firing U89
Transition HAN Transition AFINU

Graph of markings 2un3n1i 1195z Temilunsmguminiaves Petri net
oS0z 18 vngIit 2.126 11023 uNiR deadiock A1 M, iy M, Fafuil
Yo UIuA 1314 live Petri nets

“lugﬂﬁ 213 Aum31¥ graph of marking YA ANLAYDS Petri net v FaInaiiy

1891 Petri net 1ilu safe, live,reversible 1az T, T, T, T, T, T, udiauns firing Nnauau'la

; [sJ—E»m{Hz
M, M, T, E]

-a- -b-

JiN 2.12  dredn nsMYes Marking
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OO0 O0O M

3UN 2:13 @081 n3IMvee Marking

anvuvvdulsl (Coverability graph and tree)

Coverability graph and tree !iﬂm‘fumxﬁm B93UNTT firing “ﬁﬁ $19 Tokens 1u place ‘I‘}I‘LI
Faisnaon'hisia neSdnpaizns firing i 1 Susulugl 2,140 #1 Transition T1
enabled 1102 fired 890 T1faziinils Token 9l P1 1192 Transition T1 nas T2 &dsag enable 9
M T1 tired A933 Token TuP1 §iuero9 Token uA#I T2 fired fox311H Tokens anaqiazdang
Shiedeii luides q Tugit 2,146 Wunsadie graph of marking 8619'15AAWNAT graph of
marking fifhiae mm:ifmmuﬁmmmﬁﬂu‘lﬂ'lmm marking Forua &g st Mo
umﬂuauuﬂ ms1~n~uummlﬁ’ﬁsNﬂﬂﬂmmmmmmmﬂmm marking 1ARTOLAQY

ﬂﬁﬁﬂﬂ

Ty gﬂ‘ﬁ 2.14c lanang coverability tree(coverability graph and tree) U3 1 2.23a Tay

v
=

] & o

(59 Mo = (0) Mo[T>M,=~(1) ¥ M, covers Mo (M,;>Mo) Az T, AN50nFUN1 enable 1850
91U Tokens 14 T1 amnsaitde +k mmwsannum(w) Foozuansdinuazyes marklng
fifuertud #alug1l 1.26 923 Tokens Tu P, il K+1 iife T, fired 1% k-1 tijo T, fired ¥2131

wldwil !flum!muﬁmsu place 1T} Tokens mﬂw!ﬂuauuw (avzdes ivfes linirgue)



QhalinabmaCNORET

JUN 214 @10819¥09 coverability tree

ol
i TG A,
N : 4

0 1
——
w w
T,
M*, M*y

3 1 2.15 coverability tree and coverability graph

22
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Coverability tree Azl Algorithm 1um'a'a¥1qﬁ’a1i

Funeudi 1. vinanEBudY Mo o Mi (Marking #14 9 ) AR IANT fired Vo4
Transition 1 enable uatiiduszaeulafinnimarasandesiudindsznenly Mo 1
HNUAIY w

e ' . . el s
Tunoun 2. d iy MI(Marking MiRedulus) Faezuenldeoniiuasuuuis

Fumeu 2.1 wie fumou 22

funeu 21 & M 1a 9 fiAatulm ey M N Auaaeies s
Marking #o I ssngausuasinidoudedadasiy

duneu 2.2 #1 MAiRadL Tl I f M i@ Aozadudmiunienzyaldiad
Marking Tmigaan uazou I nisuRe I U stepl riidulszaouly M Inila sanni

as 1 - d
uazaeandesnudauszneulu M AuA I NS w

fed (lugif 2.15a 1Az b)

Step 1. Mo[Ti‘)Ml
Step2.2 dmiu M,

M1[T>M,

&

MI[T;>(1,0,1) %4 (1,0,1) > (1,0,0) = Mo 1519108

MI[T,>(1,0,w) M0

0w 14 S\ (& & oy
Step 2.2 MUIUM, §Pthy Transition V1 enable FINUAD deadlock
Step 2.2 dMTUM0

M'1[T,>(0,0,w) =M,

M'1[T,>(1,0,w) = Mo

o & + 1 . & w4
Step2.2 @MMIUM, Yaids Transition N1 enable ¥9UUAD deadlock

[ + - A o/ é 4 [ §

Step 2.1 @30 Mo 198 M'o #1ATUMS fired 910 T, Gallduniousunazduns fired 9
v
10U T, T, T, T, 990 Mo
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2.2 NQ¥{V04 Grafcet

a ad 4 a ) <
NBHV0Y Grafeet Humquiilszgndnonmguq Peui ne¥az1Flunsesniun
= é 1 3 U o ° =
mugunuaedn Fedimidullidudifios <> A <17 uazazduiiunsduasing fe
o A o g 9 v [V 4 a -] [ 1 3 P 7l
msauiumsiudeyauda Idewadniidu 959 wie hisTa miniu Tavh “o” unumamsoin
(] = =) 1o (] Jd’ ) =) o
Tifluese wie liviaw da <17 szumumamsaiiidusansorian

MIAUITUNITNNATING U Not, And, Or, Xor

M3191 2.1 MIAWTUNINATING Not

Input Output
0 7 1
1 0
ﬂ]ﬁN‘ﬁ 2.2 ﬂ']‘iﬂ"'llﬁuﬂ"liﬂ'l\‘lﬂﬁ'iﬂz And
Input Input 2 Output
0 0 0
0 1 0
1 0 0
1 1 |
MR 2.3 MIdITumINNATINg Xor
Input 1 Input 2 Output
0 0 0
0 1 1
1 0 1
1 1 0




MmN 24 ﬂ1ﬁ'ﬂ°’l!ﬁﬂﬂ1‘i’1’l’l\1ﬂ‘ﬁﬂ$ Or

25

Input 1 Input 2 Output
0 0 0
0 1 1
1 0 1
1 1 1

2.2.1 Feydnuainily

A e

Place (Step) (A AvamuzhlFlumaFusihemesd Logic

= <" ifasuiau

b
@ s &
Place (Step) 19 YUMTYINILYD9T1/50AT1 FavznaaIns

" ¥
finveunieatnsnanaaute Iy aiuesls

Transition HanBMENITIIUMTound Ui nieasas

¥942993 i

Arc fin 19 FUABIFaNT 21319 Place 1102 Transition

jun;:tion AND

Distribution AND

Junction OR

Distribution OR
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2.2.2 e luveam e
1. Transition 3¢ a9FUd 1000 lihile Transition 1 Taouzindoudioz
W e e ugmiidy “17 1ag Place nounthitiausiiy «1”
A =y o A £ = o gy v o o o
2.1® Transition Ha1w 9 Mdlanuznieviezshnundeuduiudszsauly
9 o
n¥ouny
3.1109 Transition 6alon Step laiwfeufivzsinay step Mufvzfinsanin

yiauae i

a_ 1 A

2.3 Msnaneaems
= [ J . dli 1 ] s =Y PR 1
M3ARAeAD ALY Host link IJUn15i¥oudesZnI19 PLC funaufiuaedon Tufny
4 a 4 o & i

WosAMI o3 vedneNIMeINGeNT1 COM 1 ¥io COM 2: Fuifluneiamsdoaisuuy

éll U =Y a Y o A "
aynu e lManninalIugy PLC mnnaufiimes 16 dimsuasuames 1 19509 aunsone

s ° i H 1 o a & : ] .
v PLC @S waunn Taeldmsisoune PLC naneq dudhdrofu du5end1 PC Link Ty
M3AAADIUY Host link 9¥ABar1u8lnsaif3on 31 Host link Unit
d P
2.3.1 WoSMNISARAISHY BN
" Fd
fosmsdemsaynsuiasaienldvaivetis WU Seral Port, RS-232,
d'l - " a ~ o = n:‘y 1 4 =) I'4 =
comport InTBIRBNNIART IAsinAvziinesarstintiegnds 2 wein fe wesavuia 9 11 izl
v P Ao a g A 4 a s PR ! 5
MumipudMasuAaMyYANEUeenN1 9 1N Suna¥iiaiid “DB - 9 Connector Male Type’
A ot o/ L - 1 L]

unzBnneTanils Aewesavine 25 41 dnuazmileuR LY 941 dFuATaTIVININNT I

¥
U 1azi5en71 “DB - 257

JUN 2.16 Awnaves DB -9

.

o/ o

dnuuzidfesnesaeynsy fie deyavzdiludnyuzeynsu nanfie umudie

o

a = o £

g o ] 4 dy ~ 9/ =) ' 4 9/
ADINTIYTYUUIW 8 1TU A NTUNITA 1 lrl‘Uﬂ 'szuuumﬂ“l%'mm 210U ¥F211NN1 (RENUBY

U g

2

9/ = o s/

AR IAYY N 1 1aU 18T Ground 1 1dU) Tawez IdyanuriufiazunGesdenu l)ounsy

U g

lrl ¢ A o 1 Ady 4 A o W ] d '
VA HIANHUSIFTUUUUDA D mu?uﬁwﬂigﬂpm%::ﬂﬂﬁﬂﬂmn !luﬂq']uﬁgﬁluﬂ'ﬁﬁq{lx

=]

] 9
vosasnan TasdyaadidalfezdslIudnunedly Asynchronous Serial Data Format

nanfe deyaniavezsyneudiedannn 2 s2AY MGeadeiu (9 + 5 v dmiusay <o
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o [ ' A v W 1 [y 3 <
Hay -5 v dmiuszay “17) Tagneuszisudedeyassdudaananzegiissdy «1” minifufio:
o L

s t; 1 A L3 % ; 1 H 1 o
fidyanuEuds (Start Bi) dailudyanmssdud <o delliweuendimdszdedayann

¥
I Start Bit szawdiedyanmdeyaving 8 in Seaderull mmiufesidyaruuend

" ' . & Y v 4 Y
wnsdsdeyn (3ond1 Swp Bio Fuffudygmsziugs ¢17) idonuayadeyaiilsuld

q

AYYIMNIRINILAY “17 1oADB5Y Start Bit de'l1l

DIt tM_ et

_|_v____ > — Ny — — — 0 level
19
_\ A I01001011H B =

= e
10 Parity bit

Stop bit

Ui 2.17 dnvasdyyimvazdvihumesmeynsu

nadedyyadnsuziseudnd maginuindundetuadweynsy Tassas

ANITIVOINI A9 58091 Boad Rate: $1002UTN51 viifioglugae 1200, 2400, 9600
=4 ' L") [ y 0 a - . .

vemunmidsdyanadovaei 1 Tud ewdealdimaniings 10 9 (Start Bit + Data Bit +

Stop Bi) (3sssionuunveynsuiuly Suflumalimsdadoyad

lumsdsdfayarinwe Snoyn suasdasiiiliiadana q i
¥
o desllszAudyoamdand 43 Be +25  Taaw @msumsdedyainlag
aouwames hifilgma udlunsdisudyaadiendedszuntloady msznn
dyanaunu +25 Tan enndelifanudoneld
=1 1 g/ o 1 v =2 a
® mmFlumds (Baud Rate) Suflumedoyanasssuneinde 185 9600 v/
a = ' g 9t v o g
Wi uansdllFiuszuy Tnsdwianus 19zanng
® dnnuindmiudeyanldszuula wu s, 6,7 wie 8 nmisnys
®  §119u Stop Bit Hyu1amirla 19w 1 Stop Bit 38 2 Stop Bit

®  92@041] Parity Check #58'la] 14



M9 2.5 MsmniveadazveINesaeY NIy DB-9

n il
1 Data Carrier Detect

9 Receive Data

3 Transmit Data

4 Data Terminal Ready

5 Signal Ground

6 Data Set Ready

7 Request to Send

8 | Clear to Send

9 Ring Indicator

M3 2.6 MIHTNNYE WAL Y 1YBINS T ABLAIY 1LY DB-25

n Wil
1 Ni'ldle

2 Transmit Data

3 Receive Data

4 Request to Send

5 Clear to Send

6 Data Set Ready

7 Signal Ground

8 Data Carrier Detect
20 Data Terminal Ready
22 Ring Indicator

9-19,21<23-25 | hilaly
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1 Data Carrier Detect : DCD H38819/39n31 Carrier Detect : CD ¥1fivzioniivl
Welimsdadygammzningnsaideasdoyn Wy Twdy dmumsidam

¥
Undvtieg hign1#aummin

1 Receiver Data : 38 RXD mﬁysﬁﬁnﬁ’mutymwﬂmi‘hmé’eﬂauﬁamaﬁﬂu
ideyadien 181Uy s aae filinles

U1 Transmitter Data ¥38 TXD mﬁ“l%uﬁatfﬁayaaunsmaﬂmmnﬂanﬁame{
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End
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End
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{ not Timer{word)])
No{X=Relay)
Read word and Read word of
bit of Relay Counter
4 B

Token =Token And
(not Relay[word bit])

Token = Token And
(not Counterfword])

T oA A

End
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{ Start )

Read wtord and
bit of oytput

Yes
Token of Place
No
IR Arealword bit] IR Areafword bit]
=False = True
v
End
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{ Start )

Read w:)rd and
bit of oytput

Yes
Token of Place
IR Arealword bit] IR Area[word bit]
= True = False

-

Y
End
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Read word and
value of Timer

I

Token of Place
= True

Yes

Stop Timer
Timerfword] = False

Setpoint = Value
Strat Timer

lk

End
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4.3.2 Wlodu Select Drive
Wosu Select Drive ‘ilsﬂﬁ‘lﬂglfiﬂm%d’mﬂﬁﬂ!ﬁﬂﬂ Transition ﬂﬁ‘;uiﬁ‘fmﬂuﬂ
duniuazyilavesileddumsinn  Tavezhmmezanzidlada il
wivuIdiadouniadiifefladsudand iy srduszuulfilfoudidunisiemllg
annzdall 1y Dewil narflondnsAumisvesmizen iRl 18sdonndesty

AUNUIBUNAIAE Timer & Counter ¥84 PLC #ilFau

3, SELECT DRIVE

/ADDRESS 3000 Ol

[ 8K Y Detail

Cancel I

gﬂﬁ 4.2 ﬂ’ﬂi{iJ Select Drive

WORD INPUT RELAY

00 0000 0001 0002 0003 0004 0005 0006 0007

01 0100 0101 0102 0103 0104 0105 0106 0107

02 0200 0201 0202 0202 0204 0205 0206 0207

Ui 4.3 Wesumansdumisniznnuiwesndiannsaldauld




59

4.3.3 vlosu Select output
9/ []
Wo5u Select Output HvzifluresunldamsudldanuTdsunsy ondumis
5 a1 = {3 v ° 4
vouoninanlFlumsesnuuy dmiuly Dewil Tuiilfuaaamizemmsweueninads

aspndefudmmiveinaves PLC #lFau

i et cr s rasbermsermspetomasy

' SELECT OUTP

U7 45 vesunansdmmismizoanuduewinafiannsaldanld

434 ﬂa‘fu Select Timer
Wosu Select Timer I¥ififmuadwmismiionwsild unsnienm

HazANANABINITNUINI

gﬂﬁ 4.6 ﬂﬂ‘;ﬁ Timer



60

v
4.4 msldaulilsunsy
naannis ldnswdamdhiinsiomazdnlszroudn q  iddydensldou
3/
Tdsunsundy luiadetivznandamsldomTsunsy  Tasms@ouTilsunsainaununs

auvesglnsaingueniu PLC 1azmssneunamsaiuuneuinmed

4.4.1 m3iGenldldsunsy
v 9 [ v
GuauiFenldsunsuTaemssuidandni lonouved IMaTdsunsy  iaidla

& a b & ' '
Talsunsuinldan TasWesuSuduTussiinFoailogalinemig 4 amgiiiuy Petrinet Tag

;g [ v v
Twduiuiiinildangdnmimeseniuu Tilsunsuaugy pLC

T program - [Formé]
3 Fle View Run Project Help ) =
’-Tuihml‘r{ nect] —

e I e [ e I e =

e A

T

A oA
HRUIATRIUR

wundmsuisdeullsunsy

31 4.7 veduSudunsldauTdsunsy



61

4.42 maeullsunsaniugy

3 v )
TumsAiouTdsunsy  fiduneunmsidfe IdundadnfindesiiogUang q vu

o o/

v F ] ) [
wounsealie  udadnuuiuiidmiudouTdsunsy  demFesdedn q suldideuly

MSAUMUNGDINT

7 program [Furm5]
2 Fle Wiew Project He%p
*Tool box [Delete] =5

el i

+1¢"ﬂ?§ftl$l"r*l_.__vrf,i,__l_—lo_%i‘éé]‘%f;_e a0

> ) A
2. panientinTesile Taodsznewiin
I3 AAUUUL Petri net

' o
N 48 nansvuaeunsPouTilsunsuniug

4.4.3 M391a09@a014N 50! (Simulation)
nanAusMLgNEsudend annsoiimsdneungmsaldi 9 e
2
MadunnTusunsumuauiidoun easrvaeuaugndevesidon'lum q Tulisunsy
naumsm"hlﬂ'mﬂu PLC mﬂmsﬁwmmﬂﬂaummmmaﬂ?wﬁtytmfumﬂumummm
iy uaﬂmnumuﬂ%’msinﬁm'dmummuumaﬂnﬂu‘wnyﬂuﬂmwuiﬂmnsn"lﬁ%’u
o a o s J
aeumIsmeanIunsaii laas
s o a d v
1. msnew lnd IsunsumivguiisudowadwazdesnmseznadenTaons
!ﬁ'ﬂﬂ‘ﬁmu Project — Compile

2. AAMNY View — PLC Simulation



62

3. AAn#ijy Internal TuWesy PLC simulation
4. daldsunsusiuTagnsadniiny Project — Run
5. lamanisalvesadadens q vunesuves PLC Simulation 1ens$1aes

mamsalinzasIvdeuanIzyeton lua 4

T T

T O PR e g

gﬂﬁ 4.9 Wasu PLC Simulation

- o’ 4 & . =) o/ A
e 394 uesu PLC Simulation & 2 anNHLE AD
1. nada asedy
2. NAAA NAAL
ci Y] o = d o [ ‘:
msdsunudnyarmsinuvesaiadiiildasl
a a a o4 A o M
1. aanvntjuadadndesmsn)asudnyuzmsin
=y o o o Ai ﬂg
2. @enanyaznsiinuludesuiuaasuin

3. ifenna 1u OK Metudunsnlasunilas



63

4.4.4 m3lilsunsumvnuginselmenen
wovhTusunsufdraeangnisei lunesy PLC Simulation asaadoulunay
mainisfleuas pLCudr Anwhlllfnuedideviimsnaseuduioillaiuau pLC
A o L4 o A a oA = o o o’ A
naesawnugdnsaineuen Tusunsudsiidsz@ninmmieusumsiraeaungmsailumnies
= d A 1
AoNNIABI U0 T
o
dumsumsmaaeulysunsy
' a/ v - o A o 4 9/ &
L. AeEuAfyaMITNIN PLC uazneniimedielddomsdoyn dese
[} ¥ v
azisavesnsiFeuaetiuldnantiudr luumd 2
2. wawnaemedyauGiesiallanies  PLC uazidenaiadlifegly
Aunug Program
o % da & & A .
3. Ahmsnew lwdTdsunsuii@ouiiuanTasmsidenfiny  Project —
Compile
4. deonoiunies 1uanswansianvealsuasy Tasmudoniioy View
—> PLC Simulation
5. 1ion External 1uda$ PLC Simulation welFlumsiansnanmisaiunu
14
Aunsdifioz Tiamnsasmuaanuzaunaves pLC 18)

6. sar lumsdemsdoya Tasmsideniingy View —> Com Setup

Setup [E

— Settings
Port COM1 -
Baud rate I 3600 Ll
Data bits IEI E’
Stop bits I1 LI
Parity ]NU”E EI
Flow control ] None L'
oK Cancel

v E i1
Ui 4.10 Wefumsdsilumsdemsdoya

7. W Tdsunsmwihaulasnsideniiuy Project — Run



_

INPUT WORD OUTPUT WORD
Controler Device Controler Device Controler Device
Bit 0000 [ Bit 0200 [ Bit 0700 ®
Bit 0001 [] Bit 0201 [y e s ®
Bit 0002 [ Bit 0202 [
Bt 0003  [=] Bit 0203 [ ne Gne ®
B 0004 [m=] Bit 0204 [ Bit 0703 »
Bit 0005 [&=] ‘Bit 0205  [wm] Sk 0704 &
Bit 0006  [w=] Bit 0206 [e] i
Bit 0007 [ git 0207 [y Ll »
Bit 0100 e Bit 0706 ®
Ba o1 B Bit 0707 »
Bt D102 =
B 0103 [ Bit T ]
B 0104 =] Bit 0709 »
Bit 0105  [=] g S ®
Bit 0106  [==] 3
Bit 0107  [=] B\ X S »®

51 411 desumsdadedoms

winatme  iawso ldfesunisandedemsienaniuzmaitnuvedTusinsuld



unin 5

MINAAa9g

2l !!‘U‘l.l‘ihﬁﬁ»iﬂi%ll’J‘I—!ﬂ1iﬂﬁi~l'€‘l’ﬁ!ﬂ§ 1 99

g 5.1 nuudwesnszuaumswanasag 1 69

5.1.1 Qowlunisnaaes
1. GUAUMTHINUYeIUUTIa8INTEUIUMIHANESIAN 108N Switch Star

Input 002 2183 SV 100 ey iednasiaiaaly TANK 1 sefuvesmsmiiluds

d091dszAUAMN Limit Switch LSW 0000 191 182182 SV 100 9gngan1sie 5

i ld svioz v
[l 1 1
2. 1ile @7 SV 102 ¥ ifednansiaiiaa]y MIX TANK §aa1 TIM

00 U 50 MW silenaIATy 50 FuH 91d1 SV 102 wvgaviey



66

3 . Ed
3. WAty MOTER MIX esvhaufenaumsiail @sa1 TIM 01 vy
253U 1ilea1AsY 25 IUNT MOTER MIX 9¢Mgamssingtu

Ed 3 [
4. ¥Mad1INUU 'J']ﬁ'l SV 104 9271911 A9Ia1 TIM 02 WM 15 3w 1ile
PAATY 15 318 167 SV 104 aengarinau

5. (ifedeemsisun1sialmidesna Switch Start Input 0002

5.1.2 MSRRAUUVAIENNNIHIN

7¢' program.- [Formé]. .

+r:‘f:4 Ui+ o2l 1

7]
%
O

TIMDOO

[d
)

TIM01 TIMOO1

i
odtd

—
o]
2y
.

TiMj TIMO02

31 5.2 2esmvauuusnesnszuaumsHauasiad 1 8¢ Tugduuuveunnm3iin



67

qp oy op oy
A P Al A Al
0002
0y ou op o SR
i Al A Al Al
0000 0900 0901 0902 0903
=t} e |
TIM 000 g9 0901 0902 0903 '
} zlfl “{? 7H’—~7H’—— aes
TIM 001 0900 0901 0902 0903
T2 e o op o |
| Al Al AT 1
009
0904
|
0900
“'ﬂi“ 0700
0901
| 0702
TIM 000
0902
i { 0705
TIM 001
0903
1l 0704
TIM 002
END(01)

JU 53 esmunuuuusaesnsruaumsweuasiail 1 6 lugduuuvesisesuaamey



al A w a
M0 5.1 Tﬂi!!ﬂinﬂ?Uﬂ”ﬂT:ﬁUQUﬂ—ﬁNﬁuﬁ'ﬁlﬂu 104 1“;1]!!1J1J1I8Qﬂ1ﬂ1‘14ﬁl&

68

Address Instruction Operation
0000 LD NOT 0900
0001 AND NOT 0901
0002 AND NOT 0902
0003 AND NOT 0903
0004 LD 0002
0005 AND NOT 0900
0006 AND NOT 0901
0007 AND NOT 0902
0008 AND NOT 0903
0009 LD 0000
0010 AND 0900
0011 AND NOT 0901
0012 AND NOT 0902
0013 AND NOT 0903
0014 ORLD
0015 LD TIM 000
0016 AND NOT 0900
0017 AND 0901
0018 AND NOT 0902
0019 AND NOT 0903
0020 ORLD
0021 LD TIM 001
0022 AND NOT 0900
0023 AND NOT 0901
0024 AND 0902
0025 AND NOT 0903
0026 ORLD
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Address Instruction Operation
0027 LD TIM 002
0028 AND NOT 0900
0029 AND NOT 0901
0030 AND NOT 0902
0031 AND 0903
0032 ORLD
0033 LD 0904
0034 SET (10) A 009

DATA B 009

0035 LD 0900
0036 ouT 0700
0037 LD 0901
0038 ouT 0702
0039 TIM 000

TIM DATA #500
0040 LD 0902
0041 ouT 0705
0042 TIM 001

TIM DATA #250
0043 LD 0902
0044 ouT 0704
0045 TIM 002

TIM DATA #150
0046 END (01)
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Address Instruction Operation
0000 LD NOT 0900
0001 AND NOT 0901
0002 AND NOT 0902
0003 AND NOT 0903
0004 LD 0002
0005 AND NOT 0900
0006 AND NOT 0901
0007 AND NOT 0902
0008 AND NOT 0903
0009 LD TIM 0000
0010 AND 0900
0011 AND NOT 0901
0012 AND NOT 0902
0013 AND NOT 0903
0014 ORLD
0015 LD TIM 001
0016 AND NOT 0900
0017 AND 0901
0018 AND NOT © 0902
0019 AND NOT 0903
0020 ORLD
0021 LD TIM 002
0022 AND NOT 0900
0023 AND NOT 0901
0024 AND 0902
0025 AND NOT 0903
0026 ORLD
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Address Instruction Operation
0027 LD TIM 003
0028 AND NOT 0900
0029 AND NOT 0901
0030 AND NOT 0902
0031 AND 0903
0032 ORLD
0033 LD 0904
0034 SET(10) A 009

DATA B 009

0035 LD 0900
0036 ouT 0700
0037 ouT 0701
0038 TIM 000

TIM DATA #200
0039 LD 0901
0040 ouT 0702
0041 OUT 0703
0042 TIM 001

TIM DATA #300
0043 LD 0902
0044 OouT 0705
0045 TIM 002

TIM DATA #150
0046 LD (01) 0903
0047 ouT 0704
0048 TIM 003

TIM #500
0049 END (o1)
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Interpretation Petri Net model to IEC 1131-3: 1.0,
- " -For Programmable Logic Controller

T. Suesut P. Inban P. Nilas P. Rerngreun and S. Gulphanich

. Department of Instrumentation Engineering, Faculty of Engineering
King Mongkut’s Institute of Technology Ladkrabang, Bangkok 10520, Thailand
(Tel: 66-2739-2407: Ext. 102; E-mail: kstaweep@kmitl.ac.th )

Abstract-The Programmable logic Controllers (PLCs)
are widely used in industrial. Thus PLCs usually used
the IEC 1131-3 standard programming language. The
ladder diagram is the most popular language that
similar to the electrical schematic diagrams which does
not require a lot of the steps and sequences of the
operation. The}zfore it is difficult to understand the
program structure and developing the system. The
Petri nets is one of graphical models that can be
explained the system operating easily and clearly. This
paper presents the transformation structures from
Petri Nets to Ladder diagram and possible
implementation to control the process through PLC’s
input and output. In this article can be applied to other
applications on any PLCs as well.

L. INTRODUCTION

Generally, The PLC programming languages have
standardized by IEC '1131-3[1). These are two types of
programming - structure, textual strycture and _graphical
structure. The Ladder programming is the one of graphical
structure that employed ‘in both Small-scale and medium
scale PLC system and it is the most popular programming
language from the past till the present also, The Ladder
Diagram (LD) has been invented from relay and logic
circuit schematic diagram. Thus the ~programming

algorithm does not have a clearly uniform; it concerns logic -

conditions, timing diagram and process sequence of the
machines. Whereas the LD could not be illustrated the
process sequences and the control status  clearly.
Therefore, the drawbacks of LD are the difficulty to
understand and find out or diagnosis fault in the ladder
program. Such problems, the PLC programmer must have a
programming experience to design the complicate system,
. The Petri Nets model is the graphical modeling that
has been used for discrete event system. It can be applied
to model many systems such as manufacturing system,
communications protocol, and also real time controller.
This modeling tool can illustrate the step and sequence of
discrete process including the performance analysis for the
malfunctions condition such as conflict condition, and
deadlock condition. In this paper, the advantages of Petri
Nets are used to develop computer software to transform
Petri Nets to LDs. This computer program was developed
in Delphi on Microsoft Windows Operating System.

0-7803-8645-0/04/$20.00 © 2004 IEEE -

II. PETRI NET THEORY

Carl A, Petri invented a net-theoretic approach to model
and analyzes communication systems [2]. Petri nets have
proven to be very useful in the modeling, analysis,
Simulation, and control of manufacturing systems. They
provide very useful models for the following reasons:

¢ Petri nets capture the precedence relations and
structural interactions of stochastic, concurrent,
and asynchronous events. In addition, their
graphical nature helps to visualize such complex
systems. '

*  Conflicts and buffer sizes can be modeled easily
and efficiently.

-

@ - Deadlocks in the systcﬁ: can be detected.

®  Petri net models give a structured framework for
carrying out a systematic apalysis of complex
systems. Various software packages-have been
developed for this purpose. '

* Finally, Petri net models can also be used to
implement real-time control system for a flexible
manufacturing system. Hence, they serve as a
replacement for PLC.

The Petri net model can also be used as the basis model for
real-time controller in manufacturing systems. The flow of
tokens through the net establishes the sequence of event to
carry out a specific task, such as the manufacturing of a
particular part type. Petri net controllers have been used in
factories in Japan and Europe. French research workers
have widely contributed to this development. They used
this model to describe logic controllers, thereby accounting
for the influence on the Grafcet. The Petri net model
enables qualitative analyses and its numerous applications
have been added to by a number of researchers to enable
more condensed descriptions and/or ones where the time
factor intervenes: timed, interpreted, stochastic, coloured,
continuous, etc Petri nets, ’
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2.1 Basic concepts

2.1.1 Places, transitions and arcs

A Petri net (PN) has two types of node, namely places and
transitions A place is represented by a circle and a
transition by a bar. Places and transitions are connected by
arcs. The number of places is finite and not zero, The
number of transitions is also finite and not zero. An arc is
directed and connects either a place to a transition or a
transition to a place. Fig. 1a represents a PN having
seven places, six transitions and fifieen directed arcs,
The set of places of a PN will be called P. The set of places
is shown as P={P1,P2,PJ,P4,P5,P5,P7} and the set of
transitions is T=[T1,T2,T3,T4,T5,T5}. Place Pj is said to be
upstream or an input of transition T, because there is a
directed arc from P; to Ti. Place Ps is said to be
downstream or an output of transition T, because there is a
directed arc from T, to Ps. In similar way, a transition {s
said to be an input (upstream) or an output (downstream) of
a place. A transition without an input place is a source
transition. A transition without an output place is a sink
transition.

Fig.1 Petri nets. (a) Not marked. (b) Marked.

2.1.2 Marking
Fig. 1b represents a marked Petri net. Each place contains
an integer (positive or zero) of tokens or marks, The

number of tokens contained in a placoe P vyilf bo' called
either M(P;) or m;, The PN marking of Flg_.lb is thus
M=(1,0,1,0,0,2,0). The marking at a certain  moment
defines the state of the PN, or more prec1s§ly the state of
the system described by the PN. The lcvoluuon of the state
therefore corresponds to an evolution of the marking,
caused by firing of transitions.

2.1.3 Firing of a transition

A transition can only fired if each of the input p.la.ccs‘of this
transition contains at least one token. The tmns‘:l_mn is then
said to be fireable, or enabled. A source transition is thus
always enabled. When a transition is enabl;d, this docg r;o;
imply that is will be inunediatcly_t?rcd. This only rcn';am ;
possibility. In Fig. 1b, two transitions are enabled, T, an
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Ts. Although we do not know when these transitions will
be fired, we do know that the next evolution of the marking
will correspond either to a firing of Ty or to a firing of T,

2,1.4 Live ness and deadlock

The marking of a PN evolves by the firing of transitions,
When certain transitions are no longer fireable and when
all or part of the PN no longer ‘functions’ , there is most
probably a problem in the design of the system described.
Fig.2a illustrates a quasi-live PN. For each transition, a
firing sequence exists which contains it, from the initial
indicated  marking, Mo  [T>(0,1,0,0) and Mg
[T.T,T>(0,0,1,0). However, there is a conflict < Pysod Ty,
Ta}>. If the first transition fired is T), then the remaining
transitions will never be enabled, nor will the first
transition fired is T,, then T3 will never be enabled. A
deadlock is-a marking such that no transition is enabled. A
deadlock-free PN is shown in Fig.Zb. If T1 is the first
transition fired, the marking M1= (0,1,0,0,0) is obtained,
and transitions Ty and Ts are live from this marking. If T, is
the first transition fired, there is symmetrical behavior, In
other words, a deadlock-free PN ig such that there will
always be a part ‘which functions’,

-a-

Fig.2 Quasi-live Fetri nets, (8) With deadlock, (b) Deadlock-free.

2.1.5 Conflicts

A structural conflict corresponds to a set of at least two
transitions T, and T, which have an input place in
common. An effective conflict is the h}:xistcrc:‘i '.’.IJ:;II"‘I

i of a marking, M, sueh thi v
:m;grm olf‘ctg;gt:glinl% ?;1 gma!lornthan u?o number of“ oulpul
transitions of P; which are enabled by M. An effective ani
no effect conflict are illustrated in Fig.3

Effective No orfnf:ﬂvn
conflict conflict
P| I p ! P1 | p] I
L]
11 2 LA P
» -b-
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Fig.3 Conflicts

2.2 Grafcet

Grafeet is designed to represent logic controllers, i.e.
systems in which the information has an ‘all or nothing’
character [3). In this design, Boolean algebra is used. A
Boolean variable, for example g, can only assume two
values, 0 or 1. A Grafcet is a graph having two types of
nodes, ie. steps and transitions. Directed arcs either
connect a step to a transition or a transition to a step. The
Grafcet structural is similarly as the SFC in IEC 1131-3 as
show in Fig.4 .

Place (Step) for initial state, it can
start operating when logic 1 achieved

Place (Step) for next state after start. .

_}__ Transition is likely the contact of
swiltch or input device.

Arc is a line for connecting to each

place and transition,

I [ Junction AND
__—.F_
: l Distributed AND
T K
j‘_'_—t' Junction OR
rl_-L Distributed OR
Fig.4. Grucer

INLTRANSFORMATION ALGORITHMS

In this research, we provided the Boolean equations from
the Grafcet which is the one format of Petri net models.
The Grafcet is the discrete event model that developed and
modified from the traditional Petri net. The Petri net can be
applied to general discrete even system, whereas the
Grafcet is designed for a logic real-time contr|oller. 'I"he
proposed research provide the Boolean equation which

.design Ladder Diagram.

transformed by Petri net (Grafcet) model. Such' these .
equations can be provided the Ladder Diagram by
developed computer software. However, this scheme does
not fix rules of transformation algorithms. This method can
reduce the confusion to design Ladder Diagram and easily
to fault diagnosis also. A

T

O

To

()

Fig.5 Pctri Net composition

The Petri net composition as shows in Fig.5 can be
provided the Boolean expression below.

BY=(RTI+P)(Pot+ TN (
Where P, is Place

P, is Place input

o is Place output

T, is Transition input

o is Transition output

According to the token firing of transition can be applied to
Conclusively, any place can be
enabled when Place input and Transition input are logic
“1”. In the other hand, any place will be stopped when
Place output and Transition output are logic “1”. Fig.6
shows the relation of Place and Transition in each form.

Py Pi2

Ti
Pe
Po= PiIP2 T
Fig. 6a Junction AND

P

Ti

Po1 Po 2

O~

Poi®s PI W
Pa2=P X

Fig. 6b Distribution AND
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P O
—J—Tn —Tiz
\\ Po ‘/
e O

Po= PiuTiie P2

Fig. 6¢ Junction OR

—I—Tn T
Po

( Pos SLT

¥

Pol = PiT1
Pol=pPIT2

Fig. 6d Distribution OR

3.1 Test Case 1

This case consists of three places and four transitions.

———= RO
Tl

B
MRERE

Ty T3 —_—
L

Fig. 7 Test Case |

The interpreted Ladder Diagram can be provided from the
equations as follow:

Po=(PyT4+P; P;+Pg)(P;+T)) @
Pi=(PoT)+P; T3+P)(P+T,) (3)
PPy Tt Py) (Pt T (Pt Ty )

From the equations number (2),(3),(.4), the place an_d
transition can be converted to Ladder diagram as shown in
Fig.8.
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l P P2 P
¥ ¥ PO

A—F ¥

P2 1y f T

f—t F

Po

Jf—nee

PO T P2

 — 2 2t
P2 T3 T2

J} ¥
T—-.J ’

Pl 12 PO P

Qulput )

P2 /\‘ )Outpm 2

Fig. 8 The result on test Case |

Such this method, the Ladder Diagram in test casel can be
interpreted from the Petri net in Fig.7. However, the
excessive  Ladder Diagram is  the disadvantage for
programming, especially, when implements to the
complicate system. In the case of the system structure with
certain steps and sequences in operations loop, we can
apply the shift register function in such case.

In this article, the Ladder Diagram can be reduced .o
illustrates in test case 2.

3.2 Test Case 2

Fig. 9 Test Case 2



1000 101 1002
| ] L

F—H—F SFT(10)
1000 1001 1002 T3,

B 2L

1000 (T3

|

[

o010

010

1001 0utpa 2 Ty
1001 Outpue 3 T

1002 Th
S R

Reset

1000

“}\O Output 1
1001 Te Output 3

() Outpu 2
1001 T3 Output 2
} } —H——) Outpu 3
Oulput 3
1002
; ———( Output 4

Fig. 11 The result on test Case 2

IV. MPLEMENTATIONS

Thc_‘tra.nsformation algorithm is a
computer programming based window operating system,

editor in this software. The program plat form has shown in
Fig 11,

A T
- ‘.:.'u»-d'i?ﬂ'..'..'.‘.'.u-!

ot
RIS,

(AR

b iy -.;1-.‘! ] A ] ﬁFE};}::
T TR AT SR 0 0 o

LAIEST + BRI ]
U

]

el wand B

Fig. 11 The Petri net to Ladder software.

 The transformatj
-diagram in this

(1

(2]

(3]

pplicd to-develop -the
- The,user can design Ladder Program by Petri pet graphical ..

V. CONCLUSIONS

on structures from Petri Nets to Ladder
paper can be implemented to control the
PLC’s input and output. Moreover, the
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