W3k HE3IW R E MR CH KRB ¥R Vol. 34 No. 3
2013 5 H Journal of Huaqiao University (Natural Science) May 2013

XEHS:1000-5013(2013)03-0241-06 DOI: 10.11830/ISSN. 1000-5013. 2013. 03. 0241

PLC ZF XUt 518k

FWE, FaE. BER

AR R (5 AR5 TR 2B fa A 1] 36102D)

WE: MBI T7r 3 m i EE L& FR v] g Bt 2 R ) 45 (PLO B2 5 19 I8 20 Ak 03 R30I J7 36 1 A8 DG 9%
T8 AT 7 18 43T T AR 4% Petri A1 F AL R J4 7 2 3% 10 1 A0 T 3 0% TFF 9 8 OR 5 76 T XAk 0 i
4087 T PLC 1B 578 s AL BB 1) 5 e f1 35 F NuSMV gk UPPAAL IR IE 73 . IJ5 . LB B A IE 0
Ak 7 32 B 2 PLC 2 B4 5 385 BUA SR v A7 76 14 1) S50 R BIF 7 % J 5 1)

KR gmEBHEERG: BRI Petrd M HahHL; & HUEH; SEAEIKRIE

hES%ES: TP 273 XEEFRERRS: A

A 2 7 22 B ] 4 (PLC) S — i DAl R W AZ L AR T BALEOAR L HL 0 3l 2 1 AR 0 19 286 3 15
P ARTER, L IF R ok 0 ol R L AR G Oy WA AR AR R B R R AR i EBE R A K
T 7 T 5 JELSI R TF 26 AR e 4 1 4 [ R L — okt A2 e i) PLC R F Bt ad A g — A JF R4 il i
T G HETA 4 R S AL AR R — B R e it U ARG I o R AT — S HE R B BB A L IR
T ¥R42 A A5 B SR B BT A 51 I RE 4% IR e BT AR I B 2R 228 2 A6 I 33 Ao A {EL ™ 52 W) 2 T
S JE IR B N7 7 SR B S N R A RE AR IR ] 4 R B R R A L g A T AR
TR R SRR OFAS R BURE SRR T B AR R B A DR I SE A AIBE AR T A Oy R —
T RS B IR T LR SR BEA K Ty i Sl B ST B B R 7R T A R R T B A L
e Y AT BE FIOE B PE L OF R R G BA RAFRISE K 5 T4l 3 B sl 2 % 7 i 285K, Har 2 04 s
5 CAEA A U 32307 T & A 3] 1 R - 3 Multos 5 HI R IAIE & 48 . Eurocopter 23 Al R JH
HIHHLE S ARG AMD Athlon™ 5 A3 fliz 58 R B uE 2. AR UL 18 2000 07 16 78 Tk 519
IS FH 2 AF B 28 BB T 0 728 i 00 Tl 5 BT 2 3% AR SOOI XA T 3k 19 ) 36 1 4R JE 34k 05 3k 1o A
B PLC R BLi AP 9 BHLE R

1 ®EK &t PLC R

B T PLC #2702 DU OIS 5 8 A% O o 8 Je s Bl X G 9 A7 Ry e P L Ik 1R 4 P 1 e e
AR LS ] — R T 5ok AR R g AR BT . B sl S A 4 R U E B B
FEN GG PLC #2590 T 52 bR 7=, A it o #2 aniEl 1 Fos.

1.1 HERZHEAULEE

B JLAFE B A L N B 28 A BB DAl 45 A Gk, SR 10, i T8 STy R 4 AR
FEFNRR SN AR R BT LAAE R FRE A6 05 75 6 3 g2 R itk T 1 AR B i .

TERE Tl A0 L s A5 2 3 T 3 T AT 4% Petri W (CPND [0 & 4% R 48 31 Jr vk - i 1 T 12 i A
AR SR A T P S BN BT R R ST R T R B R S 4y )2 v AR AT L 2 T ER

KRB 2012-06-15

BEMEE: P27 5 B, TENFHBEMNISRE TRMARLE M. E-mail:jlluo@hqu. edu. en.

HEeWH: HEHFFEFARAR¥ELKEDTH (60904018); HEE mE ¥R I M LMK T AL LHiT T A
(11FJRCOD) ; FE#E4S AR 4 ¥ BT H (2010J01339, 2011J01352) 5 & H4 B5 AL A 35 4R BT A A
F A TR (JA10004) 5 oy g 2 15 HE ARl 55 2% % 5L 4 9% B 5 H (JB-SJ1006)




242 R R (A R B 2E O 2013 4F

PR e T v ME A B K.

T4k % 42 1 47 B, Giua g{rf[?] F ] Petri ™ ﬁ%ﬁ,ﬁ,% *E{{'g’é}f _ PLCHR)Y [— ZE7=filifi]
VT TR F 2w R L B BR B S AR G A
BB i R A RTRY A 4 ] 4 1 0 A AR

B 2R 0 W PG B R B 1 3 5E . v

335 — 7 Wk R A BRI S i R R R A B bt

M HL 2 T X5 2 8 48 5 R 40T B IR T & Jate

S5 MER . Durmus 255 F A [ 34k Petri W

(APNDSZBL T M — A 5 Sk sl 5 5 5 Bl PLC 7 iR Bt

0 2R 5 300 2o PR D S 9 A i Fig. 1 Design of PLC programs using formal methods
FEAFRYALIT SO0 R S A MRS T BRI N B ) AR BE R L ST X8 A I B A

FEAL T AT BT PR A5 3R T 35 TR Petri I CTPND (1938305 7 » 52 BT X6F i) 8 i 8 46 34 0 2% 11
B SR TS 5] 28 2 73S 8] ek 7 ) I 18] 3 A 100 A e i8] it 7 4 4 0 45

FE A Tl 40U, 50 B 4B %0 B T S F 358 Petri () (Ordinary PND BERIDY 1 S i 43 il 2R 48
BEZ W7k s MU T Petri RI7ERA RGEsh AT L ABE ST . 8 W HE 1 B B &L R 8 2 R 5
Je 2 Ik BIEROR S L ) B B R R TR 2 B AR

FE A PR 55 AR O T Du BN 4 T L TPN S SRRk i v bR R 5 5 5 &R G B AR AR A 1
AR Z B T ARG B AT N IR S A R T AR Z B R G R LR T R GERLY
HER 1.

FE B B 5 0l , Venkatesh 557 $ T 3 F Petri 9 1 8 H0F (R 45 1 45 10 807 1 FUHT S B Petri
P 45 1 25 4 3k A% FRLOC 2 (8] B B 6 AR O 8 0l — A SE ] BB T Petrd R 554592 [ 22 18] 9 0 355 A
L R AR T 1 T A R

AR H AR R G AIE A 0 3E S5 AR Z M R E TR T — LR pg . k.
X bR R GEHEAT I B9 73 A7 - P L B A LT 5 SR K X BB 2 SR T T SR R A A 5 A
Ja AR H AR R ST TAR AR BRI Ak 9 4 R e B R X AR B T HAR R G2 4k
BERL. BR T B SCRR B LM SRR F Z 00 ik A AR 2 AR AN A 1938 5 247 % O 98 AR, W Hanisch
AR Timed C/E system i 5 #iiR R 547 M s Kotini 55 @ R 2% A ShLBTHR & R 48 %45
L2 EAUBEERSH

HoE TR ARG R ARG 1 ST E S B0 R X R R T R . RIS IR A I AR S
br 2R Geia A7 B il A6 P TCAE BT, TO R 28 A B | AT H A A T T sk 4 P B S BT SCRT LA I A A A
B 4544 J& k.

Frey %R 5 S B8 Petri 9 (STPND R £ 1 — 4> 8 &) 10 7K A8 fin A4 1 &5 455 80 3 3o 46 45 76 2
P IR sl sl S MR I T RGBT . D TR IE AR SRR Y IR 1 L Al AT EE XE SIPN X AR A
AL JE ST 72w th T SIPN J& T3 58 Petri XA —Fh 2 {1, B7 LAUE B 35 M 0] | Al gk
PEAN 2 AP S5 58 Petrd PP BRI 2 Ah, SIPN A P P 26 1k 1 i s 1 P o A 1 45 4
GRYEBT. PR 72 A 38 Petri (GRS L S bl DUPE T 46580 3% 49 B0 S B i NS 1 I 2512
BRI AL R IR

H TR E AN 2 A 2 BRI SRAT 4 e LB A0 5 S PR AR 8 2 — — X LAY e B B R T DL
B JR BN SEPR R G BeSh al KU PIPE, TINA 2F — S6 8 fF T H R B2 W7, 5 800 v A i R 15
B BRI 58 1 T X R G TE A B AR, P AR LB, AXERE 1 AR STPN 7E A RE ) bl it
T Petri [, {EAE 23 BT B9 IR0 AT TS /I B M
L3 BREMEANKREEMIFR PLC EF

Frey &1 45 1 T K¢ SIPN B A PLC BEFF B9 56 40 05 1. A (T4 45— A 12 I 00 2% S0 0 05 B 2% 45t g
— ZR MBI FERR TP AR I DA 51 0 2R 25 i 2 A 40 14 % B 2 22 AR L IR A E BRI P o L B T R T
B B JITNS L M 1k A o i ) P A AL R 45 4 g A TS L D i R RO s R S A I A5 A v



%3 FFE K, 4. PLC &P UL R BT 5 Bk 243

— A S PR T R A 4 B — AR [ R O B SR AR B T A R G RS IR Y. AE e 22 T AE
i, Frey 2508 38 JF % 1T AH 26 9 %K {2 SIPN-editor . AT LLTE B {4: f ( 2h 32 B0 E R A4S i 2.

BRULZ Ah  Wang 26 45 TR 1] B ShHL i 4 p s T2 16 04 3 s A 4 s 7 A R 1 300, 9l i
WAFSEI T Al . Perme Z52 B T — R4 Petrd [0 CRFEAS A 40 150 9K L IR B A4 X 25 70 20 5 48 1
BB R 3 10 )5 15, 046 PLC B P 30HF L ilb A7 T B . TR AR /& DA Petri WA  , Dideban 455 5 1 4
Petri 9 %% 4 s T 2 6 /4 26 (SFC) . itk 1 76 98 J5 43 e i 1 BR A )% B4 . Taholakian 25, Jones
UYL IR IT AR LEE S d kA 4R T Petrd 9FE e BB Y B OR TR ik SR 7R B 1Y O
W Z IR AR PLC B P B — 48 4 A % B4R 2 5464 Z B X R.

2 KX MUIGIE PLC 2 F

At PLC BF AR JE AL EIE PLC R UE R IESOR 0 FF © 2840 147 1Y
PLC T 3 e 4 i 36 U T2 RE A8 PUM A9 38 55 8% 5 M) P 38 0E 2 56k JEBEAT 36 Uk 0 2R oy B 5% 38 ik T
Hoae gy AR A8 S ] o R A0 T LA B 8 6 i e A e 2R A 4 W DTG 45 2 0E B A9 F o DR AIE T R )

f A4 M S RE PLC R LA I 2 . [ e —

2.1 BERENPLCEFBERBINLES - R i
AT 11 0 UE AR 55 45 700 B 31F A0 FEIE B 0k K. L B

bR A PLC B85 e 3 RO AL 5 1 4 K i

2 N4

s ) R A

1) 3% I F AR B TE A9 K R AL B = - Wightkin 2507 42

T —Ffs SFCIE 5 4 il Petri B 9 J7 3. AH ELBEHT A B2 B ALI6E PLC M i

M7 1, Wightkin 75 £ 880 22 & T 0 (8] 2 580, 1R 4 Hh 8 R Fig. 2 Verification of PLC programs

T PLC oAkt REbe. 08 I Pevri W3 A2 M — BE 5 using formal methods

ARSI IE R AIE S . Mokadem 455 F| FH I [R] [ s L4 5580 1 % SFC F ¥ 1y %% 4 . 9F HL#£ UP-
PAAL™ Hrifi 47 50 0IE.

AR PR E S EB R3] T 09 B 0 o F 2 A Petri [958 780 35 576 /N F B [ 20 LA 0 , 4 48 Ak o o
5. Oliveira 855 5¢ i T MBS TE B FE 7 2045 € Petri W1 B 3h 4% 4 5 72 L Tsai %51 SR HI AR /K Petri ]
ST BRI I 219 XA A5 78 1) A 3%

2) AT EIE R XRE T . BRNAEDS R A B COQ & #E I #8 . 2550 E PLC )7 )& & /7
FEF 1. 75 BH IR B, AT 7 56 2 7 I R OG0 S AR i SC A 96 S TR S A% o ORI P 55 5 AR s TR
i COQ Hr iy 1 1) 12 45 28 3 SORHE IR B — BeB B BRURE )3 118 30, S0 T M PLC B2 % 2 402 % #1115
ELiEES

AFAT S 430« 1T 5 BHEGIE W 28 5k B8 3E PLC #2519 TAR S 2 A D Wiy, HAT . RA Kramer 25 F
HOL ZGA5%T AL TAE.
2.2 FRiL#R PLC 32 FF 045 958

PLC 5 i M 5 RGBT AH L, AT R T8 AR 7 2Lt A Dihe, DR AEX A
S Ak AR AT DA B A IR A UL A I | I RN T S AR R AE L SEBR b AE AR Ak
T T R G0 It B R B AR G I Y. RE A IR O M SR AE 2R G 4 R 7R A E Uk
W AR — A HE AR K.

FEIX — 25 o AR AT LIR30 3R L AR 9 A 5] e 3 88 [6) 1908 AR TG 35 ok f R 45 R . ot ] 4 o
il R TI8R 02 COQ R 1 IE 132 1 20 2O A . X R 200 9IE (1) PLC 7 28 52 3 i 4 ) H Ao 4 7% 46
BT R — B BT R B R . SR RS T O Ah—Fp AT LR R AR PLC R
T 2B S T DUAR 6T B ) DA SR A A [l L 43 o 2 M e 2538 48 (L TL) At S8 8 (CTLO Y
Iz R TR RS AE R
2.3 MARKHEIETRREIE PLCER

165 BLUE I o, 2 SR B A9 IR TE T ELBR T COQ & HE M #34h . i8F HOL il ACL2 4. 2 B iE i



244 R R (A R B 2E O 2013 4F

SEBR bR 2 N ORI R e S LV BT ek — s P A R 0 R I Y AR G R R Sk . T
H AT DA UE 4932 o8 A 3T FROBR 285 1) 35 91 7] .

5 Z AR 1 S AR A I AR AR ARG B0 e I T LA &8 B BT TR I — 2R AL BE 7 2. B
F18) 55 A JELAELJE 3 3ok X R 25 2 ) A 48 ZOR N R G0 0 1 HL A SRS vk . e IR AS S (R 4R 2 A DR
5 IF ELAE A G DA X R BT B T L BT Y R G A o Y I iR 8 0 4 R AR A

NuSMV 2 His R 20— AR R T A, & 5& i Carnegie Mellon University [ McMil-
lan 475 SMV BER b 50544 18 S B0 0. BOOR MU AT 5 10 A B2 R 1JF , NuSMV Fil SMV #8225 XA
FROR S AL BEAT I R Y. {H 2 . NuSMV TE gl & 7 BDD™ £ R J5 . 8 A R M A e 7R 45 25 18] 48 e 1 ]
RO ARORS R U B P T B A R Y AR B E

NuSMV A L5 3 Tl 53 (8 7] S0 L o AR Sy — 4> 2 il g i) 2L i %0 o 38 AT DIAE g — A B ik 4
A BRI & 0 T H A, B, 72 AL E PLC #2 5 A58 40 1 . NuSMV 4R 15 8] TR 22
F i 2 . 10 Pavlovic 59 1 Gourcuffe 2857, Bt 2z #b . SPINFS, UPPAAL £ 56 3F T H b 4% % T
PLC 7 Bl

3 HARRE

PLC FEF AT EETE ) B 2 AN A2 PLC RSB AL A OF AR & o3 BE 1 (2 )8 25 Rk
FrHLR) 28 Gt s AL 042 i LV ) T2 AR i » B 199 07 06 A2 3 M 7 T 3 DA 1 B R 8 Y BEAE R, 38
FRBWF AR

FEREPF R GERY AT T, T 2E i i PLC 2y A9 U5 R 2R A3 AL B (Petri () A S AL . 4R
T B R FUR 4 T 324 2 BIREE Petri IMZ5H B A ShHLZ 18] 19— — X BE G AR BOA ik 45 %
Z[H) I A S0 U JGIE R — A B PLC ¥ A shfliid o Petri M A ShL. 615 2 0 2R 52 a0
TR o) RV P FE AR TR 2 0 i 4 o 2 1 P e A RE 3R A% mT E  doe 010 1) P B0 R 8 A T 9 i T =5 .
T ik, LU LA R E PLC B A BT RIS IE Y e B (6 /) 09F 58 07 1)

D) FeF Petri W g G L ML BT . A6 % 4% PLC R4 (L BG MhAT ILID 1 R G B Jr
T — B PLC 3 LS O I BN TG 5 285 45 ) 4 3t Sy e vk 2 o 19 7 0+ LA B AR 42 o6 ML 1 3 14
B Petri WA Petri W3] PLC i 55 09 % M #4605 1.

2) PLCREF RGBT % . HAT. B A AR RS X PLC 5 v ] H 4 & a1
PEIAS T — 7 B9 RS . (EL LA A ISR B 2 M Jmy BR T B — i 4 A RS T 0 A B B B4 & Z M 2 AL & )
A A Ty k. T L & A I g T B 4 A A2 J 48 4 s T RE AR B fty AR ) R AT IS B A ) O

3) JETF Petri PSS HRHE A E BLUEW] U7 5. & — D RGN Petri MRS . 1] LI T Petri MY
LA R o A Y R AT 1 R 0 AT AR A R A5 A AR R R AR B (Gl T Petri D). X AE L
LA 3R G T ARG I 5 1T 2R 8 9 kA AR A ROR AR e B MR I A 3 5 A2 JR

4) 7 BHIE ] 52 A RIS TR 6 U B A A Rl 1) B UE T 0 A R O i ) S R A A 55 RS AT R by
2R TOIEAL B R GOIR 25 TG R 22 101 B0 FIDIR 785 2 8] A5 A I A58 TR0 4G 00 19 T4 28 3 AR [l At S 4% 7 1) ]
E L WY 9 3 A o R LG 2o 4 ok B IR JC T IR A Y.

SE BEE W BOR FEAR 1350 6 TR B 06 Uk B AR SCPRAIE 1 22 I 9 8 8 vh AR a8 k. i g
HSE FRMEE S AE— ik . 0] RLARAG — M ROR R B R PLC B P B0l 07 3k O 2 R Rk — 2R BF
FEIT 1A

S E k-

(1] BT PLC AL A S, 2008 GEH] 1) :16-19.

[2] FREY G,LITZ L. Formal methods in PLC programming[ C] // International Conference on Systems, Man and Cy-
bernetics, Tennessee. Nashville: IEEE Press,2000:2431-2436.

[3] HOLLOWAY L E,KROGH B H. Synthesis of feedback logic for a class of controlled petri nets[J]. IEEE Transac-

tion on Automatic Control,1990,35(5) ;514-523.



%3 FFE K, 4. PLC &P UL R BT 5 Bk 245

[4]

[5]

[6]

[7]

(8]

(9]

[10]

[11]
[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]
(21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

PELED D A. Software reliability methods[ M]. New York: Springer-Verlag,2001:1-9.

BENDER D F,COMBEMALE B,CREGUT X, et al. Ladder metamodeling and PLLC program validation through

timed Petri nets[ C] // 4th European Conference on Model Driven Architecture-Foundations and Applications. Berlin:

Springer,2008:121-136.

HRPEAR XV AR I, B . B T4 Petrd B4 e i A0 MRS (D 3 B 42 o) R e i O ik L0 . B8l J AR, 2008, 29

(1):14-18.

GIUA A,SEATZU C. Modeling and supervisory control of railway networks using Petri nets[ ] ]. IEEE Transaction

on Automation Science and Engineering.2008,5(3) ;431-445.

DURMUS M S,.SOYLEMEZ M T. Railway signalization and interlocking design via automation Petri nets[ C] //

Proceedings of the 7th Asian Control Conference. Hong Kong:[s. n. ],2009:1558-1569.

BV H RGO ST A 44 Petri Net (19 ]8RS R 46 #4248 Ak 520 F L], fb 2% 4 . 2010,61(12) :3167-3171.
IEAR, £ BRI, BT Peuri I 45 5 5 ) 2R Gk 12 W BB TR IRSR i vk LT 1. Wi 24 4k . 2001, 22(1) : 37-42.
KB R H. AR A 5 4% ] 2 EDE %78 TR (GRAFCET) (M. db 5t - U Colk ) it . 1995:5-6.

DU Yu-yue,JIANG Chang-jun,ZHOU Meng-chu. A Petri-net-based correctness analysis of internet stock trading
systems[J]. IEEE Transactions on Systems, Man and Cybernetics, Part C: Applications and Reviews, 2008, 38
(1):93-99.

VENKATESH K,ZHOU Meng-chu,CAUDILL R J. Comparing ladder logic diagrams and Petri nets for sequence
controller design through a discrete manufacturing system[J]. IEEE Transactions on Industrial Electronics, 1994,
41(6):611-618.

HANISCH H M, THIEME J,LIIDER A,et al. Modeling of PLC behavior by means of timed net condition/event
systems[ C] // Proceedings of the 6th International Conference on Emerging Technologies and Factory Automa-
tion. Los Angeles:[s. n. ],1997:391-396.

KOTINI I, HASSAPIS, MODELING G. Performance evaluation of hybrid systems[ C] // Proceedings of the 1st
South-East European Workshop on Formal Methods. Thessaloniki:[s. n. ],2003:21-35.

FREY G,LITZ L. Correctness analysis of Petri net based logic controllers[ C] // Proceedings of American Control
Conference. Chicago:[s. n. ],2000:3165-3166.

FREY G,LITZ L. Analysis of Petri-net based control algorithms-based properties[ C] // Proceedings of American
Control Conference. Chicago:[s. n. ],2000:3172-3176.

FREY G,LITZ L. Automatic implementation of Petri net based control algorithms on PLC[C]// Proceedings of A-
merican Control Conference. Chicago:[s. n. ],2000:2819-2823.

WANG Rui, SONG Xiao-yu,ZHU Jian-zhong,et al. Formal modeling and synthesis of programmable logic control-
lers[J]. Computer in Industry,2010,61(1):23-31.

ALUR R.DILL D L. A theory of timed automatalJ]. Theoretical Computer Science,1994,26(2) :183-235.
PERME T. Translation of extended Petri net model into ladder diagram and simulation with PLC[J]. Strojniski
vestnik-Journal of Mechanical Engineering,2009,55(10) :608-622.

DIDEBAN A, KIANI M, ALLA H. Implementing PN-based controller with mutually exclusive transitions by SFC
[C1// Proceedings of the 35th IEEE Annual Conference of Industrial Electronics. Porto:[s. n. ],2009:4353-4358.
TAHOLAKIAN A, HALES W M M. PNP«< PLC: A methodology for designing, simulating and coding PLC
based control systems using Petri nets[ ] ]. International Journal of Production Research,1997,35(6) :1743-1762.
JONES A H.UZAM M,KHAN A H.,et al. A general methodology for converting Petri nets into ladder logic: The
TPLL methodology[ C] // Proceedings of the 5th Internatioal Conference on Computer Integrated Manufacturing
and Automation Technology. Grenoble:[s. n. ],1996:357-362.

FAAL AR B Petri M 7ERL S AL 38 F 48 PLC #2778t i i LT 1. I HL 4 . 2006 (4) - 20-23.

LEE G B,HAN Z D,LEE J S. Automatic generation of ladder diagram with control Petri net[ ]J]. Journal of Intelli-
gent Manufacturing,2004,15(2) :245-252.

WIGHTKIN N,BUY U,DARABI H. Formal modeling of sequential function charts with time Petri nets[J]. IEEE
Transactions on Control System Technology,2011,19(2) :455-464.

BEHRMANN G,DAVID A,LARSEN K G. A tutorial on uppaal[ J]. Lecture Notes in Computer Science, 2004,
3185:33-35.



246 R E R (B R R E O 2013 4
[29] MOKADEM H B.BERARD B.GOURCUFF V,et al. Verification of a timed multitask system with UPPAAL[J].
IEEE Transactions on Automation Science and Engineering,2010,7(4):921-932.
[30] DA SILVA O E A,DA SILVA L D,GORGONIO K, et al. Obtaining formal models from ladder diagrams[ C] //
Proceedings 9th IEEE International Conference on Industrial Informatics. Arapiraca:[s. n. ],2011:796-801.
[31] TSAIJ I,TENG C C. Constructing an abstract model for ladder diagram diagnosis using Petri nets[ J]. Asian Jour-

[32]

[33]

[34]

[35]

[36]

[37]

[38]
[39]

[40]

[41]

nal of Control.2010,12(3):309-322.

BRAN R e, . COQ &8 B A 25 4 Bh PLC BP0 U2 ML) ). AU K224 . B SR BF 22 MK, 2010, 46 (1) : 30-
34.

KRAMER B J, VAOLKER N. A highly dependable computing architecture for safety-critical control application
[J]. Real-Time Systems,1997,13(3):237-251.

HUTH M,RYAN M. Logic in computer science M ]. Cambridge: Cambridge Univercity Press,2004 :172-254.
R AR AP A R H R R HIM. bR B L, 2009 : 18-19.

PAVLOVIC O,EHRICH H D. Model checking PLC software written in function block diagram[ C] // Proceedings
of the 3rd International Conference on Software Testing, Verification and Validation. Braunschweig:[s. n. ],2010:
439-448.

GOURCUFF V,DE SMET O,FAURE J M. Efficient representation for formal verification of PLC programs[ C |/
Proceedings of the 8th International Workshop on Discrete Event Systems. Michigan:[s. n. ],2006:182-187.
HOLZMANN G J. The SIPN Model Checker[ EB/OL]. [2012-06-15]. http: // spinroot. com/spin/whatispin. html.
LUO Ji-liang, NONAMI K. Approach for transforming linear constraints on Petri nets[ J]. IEEE Transactions on
Automatic Control,2011,56(12):2751-2765.

XING Ke-yi, HU Bao-sheng, CHEN Hao-xun. Deadlock avoidance policy for Petri-net modeling of flexible manu-
facturing systems with shared resources[ J]. IEEE Transactions on Automatic Control,1996,41(2) :289-295.

LI Zhi-wu,ZHOU Meng-chu. Control of elementary and dependent siphons of Petri nets and their application[]].
IEEE Trans Systems, Man, Cybernetics, Part A: Syst Humans,2008,38(1) :133-148.

Design and Verification on the PLC Program
Based on Formal Methods

QI Peng-fei, LUO Ji-liang, CHEN Xue-kun

(College of Information Science and Engineering, Huaqgiao University, Xiamen 361021, China)

Abstract: From the perspective of formal methods, this paper states lots of researches on the formal design and verifica-

tion of programmable logic controllers (PLC) programs. As for formal design, the proposed methods, which are to judge

whether PLLC programs are correct and reliable based on Petri nets or automata, are depicted. As for formal verification,

it is summarized that how to model PLC programs as Petri nets, and how to verify PLC programs using NuSMV or UP-

PAAL. At last, the advantages and disadvantages of these reported approaches are stated, and the research directions

which are expected to breakthrough, are pointed out.

Keywords: programmable logic controllers; formal design; Petri nets; automata; theorem proving; model checking
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