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- Logical Coloured Petri Net expanded to be suitable
for making the Control System Model

Katsumi WASAKI, Yasushi FUwA, Masayoshi EGUCHI
' and Yatsuka NAKAMURA

In this paper, we propose an extension of Petri nets { LC-net ) suitable for control systems
design and -discuss its methods of evaluation. This LC—net is a marked net with addition of
the following features: dé._ta a.ssignmenf of marks, representation of firing conditions as logic
equations, coupling of output procedures with transition firing, etc. Also, since the concept of
transition firing evaluation orders is omitted from the analysis of conventional Petri nets, we
introduce this concept formally in our proposed net. Finally, in order to study the behavior
of a system modelled with-this net, we provide a means for searching the reachability tree of
markings. This LC-net is a extended Petri nets which solve a problem of description from
Place/Transition Petri nets ( PNs ) and Colored Petri nets ( CPNs ) before.
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FERD D PNs BLUCPNs %, VAT LGB ICHEA L2#l & LT, Jensen IZ
X BEN—F 7 TEREANDIGHY, Mm%aeal%mm7n77A®T/Fn/7ﬁ&«®ﬁ
Fi%, Nagao 512X % FA §IHI~OIEHY, ZEPBTOoR5.

PNs % CPNs % ZRICHIH S 2 7 & OFEBRICEA L8, ROMBEE»H 5. 2 v b OBk
(Fo vV a v OBREHELZLVCEKED L — 7 Y ORE) P—BICEEIRTWS. BE

OHEEIBLTEL D vV a v R VAR HVALENS L. LoT, 2 v FoH
BAMKT 5. _

AL, WEAH T —P Y%y 6 (Logical Coloured Petri net : J\F LC-net £iC9) %
#2945, LC-net 13, PNs ICRDUREIT27:dDTHB. b~ VidF— % 2H0. A%
HiX, ABTV—-ARD =2 Y OFER, P2 07 -3 HZHVIEEORENTEL
5. RO =27 YOBHNRANTV—AD =27 Y07 — FEX HCBRC L > TRE
T4, DEOWBIZEY, REFEDON TV a vl L—ADBMPAET, 2y MRE%
FATEDBD,

b oYYy a VEKMEEMOBS % LCrnet IZBATS, REJEAY P EVTIIILTR
N=F7 27 E~NEHELALERICE, S I7varolMilEFRERLER, b T¥Tar~
HYHTONLHBFREOPULLIRF, TREEROI 0y 7 ORGFEPO—BITE
5. LU, fEROBINE, THEREFTEZZAN (FH) NI 2I0E0HBE, 9
VPYa YORBKBMOMEMFT 2T bRV, BEOIE, BRICEKIEMIEN & IS EA
L, B zZRLZFyFay 78X Ur 7y 7 REETH TV Vv a Y REDRITETY,
BEMRHL TW99,

LC-net i2 & 0, EROEGUEZEB2HBTLVY 7 b Y2 T7DEFNMALETS. 20LT, &
KEMEDMERLAH T 2B UATERC LD 2 v METEIT . Bil, VAFARBHHI Y Ea—
FAER L3Ry PEF VR EEL, BIEEHRETS.

AFETIL, 2. T LC-net DEF L BXFHEHEM OBEITOWTHEAT %, 3. Tif, LC-net ¥
EROFHY 7 b 27 OREHCEAT S, FiC4. T, TEKRCL 5y MW, SIBAa
Ca—y \OREIZLLFMEZITS

2 REHFT-~PYzRyb (LC-net)

2-1 LC-net DEH
LC-net : Ng = (Sg,TE; Fg, M) BRDE &M ()~(v) 2T

(i) SE=1{s1,82,"*,8n} RUTE = {t1,t2, -, tm} &, TNETNTS V-, b5 TVav
DERETHY, Fe={fi,for»- i} CBexTe)U(Te x Sg) BT V—Anb 5~
vay, bLARII VTV URLTV—ANDT— I DEETH 5. ‘

(i) &7V —Rs; €S8 (i=1,2,---,n; n=|Sg|) D~—7I&, 175 N FTOHRBDMH
REDTEMTED, ShE u(s;) LB 2FL, s 00— 2350 E 31 us) = 0
&ET5.

1 Sg — {0,1,2,-, N}
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(iii) HETV—R s; DT — 2 OEREIX 1. |
(i), (iii) 25, ETDTV—ADH bW EI— 7P bR BHME M 1E, Sg 26 {0,1,2,---, N}
NDEROVED BETHT.

Mg =1{0,1,2,---,N}5E

(V) t; €Tp (= 1,2, ,mym =|Tg|) DT — 7 2 H+52TOT L —ADREE "), t;
PODETDT —IBHETTV—ADHEEE t;* LHL.

*t; {s€Sp: (NS € Fe, f =(s51))}
ti* = {s€Sp: (N(f € Fg,f=(9)}

(v) EBEDO~Y—%V7 pe Mg @T'@b t; B B R KEHIEIE, *t; b:E'?‘Z»?’l/-—Z(DJUi
B oplrt; ORBERATERBENDLBKREN i(u]* t;) 2D, & DEBIZL T, k&
=% 4 € Mg BELT 5. '

O HHELGE G BBEKRTE. COLET LR —t;* Re— 7MKL TL—2R
t* 1%, *t; ORBIEFELTRD CF Itk o THAOBRS. 2% D,

ci: {0,1,2,---,N}'% — {0,1,2,---, N}4"

if ®(u|*t;)=True then

0 on *tj - tj*
p= C'f(ul"’ t;) :on t*
L : otherwise

—7, & HBEOIEt R LEW. CoLE) =4 THD.

YTV a v i OREROREY—F Y TIZOVTIL 3y FOT L A0 — 7 IRE
1€ Mg 35 p' € Mp ~NDEG fICHT T ENHRD.

2-2 RIGHABFDOEA

LC-net : Ng = (Sg,TE; Fg, Mg) CHAT S, b TV ¥ a Y ORKFEIHTFOERE T
R

() G; {1, 2, --+, m} (m=|Tg|) PEHE. + 0T aryOBKFME {t, tg, -+, tn} D
JEFEZHED S, g € G iTnt L TRAEHEDER RS tg(1)s Bg(2)s " *s Tg(m)s Lg(1)s Eg(2)r "
ty(m) *** Einsds,

(i) FI¥¥vart (§=1,2,m: m=|Te|) DREKEEHEIL, T —-RD<v—27KE
pE Mg oy € Mg ~NOEE fiTHT.

(i) mBOVLF ¥V a VICETARKEMEFIL, geG ETL. DL i,

F9Me29lm) = galm) o ...« 79(2) o))
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(iv)y mBOMF ¥y a ViHTH LA 7 VOEEE g W52 oML E,
g+ tg) = tg(2) = 0 tg(m)
EHELL F, COZEEBLTROLIICEL.
g = (g(1), 9(2), -+, g(m))

3 HIHYIPYITDLCnet ICLIETFIE

3-1 E&ﬂgﬁﬁﬂ@&x%AwwE

EEME Y A7 AOREBERE, H1(a) IORT. CORIFIR7 AR, HEELERE, XY
AF—Y, AF—=Yarbu—5, CCDA A5, RUVAFAMBHAI Ca—y 0 oBRE
hTnws,

BRI BEIUTOEYNTHA. XY AF—V LEICEINT YV FEK (PCB) 2D
HEYORTE, LI LIRSS ZEABOEISEL TS, CCD # 2T TIOELVE
FEEE LTRAICHMDAR, BYABIRT LZREEEH 0P LOHAELTBWAW,D
DORBEREMBETEIEICEY), HRYORERELTT). HIZISHEYIT ) b3y —
YCHDGEE, EELRNY -2 EREREL, WY ZALZLVOEBRLEOREEITY, £
DA—HLREFERARDL LTI - ORI S, RIBOBEIFR—B2EHKTHEA
AvEa—F~NHEANTA.

EHEMEREE ORI N — F ¥ = THEI OV THET 5, BEEE, H1b) K5, O
BB EE, CCD A ATPHLMY ZAZZEEVOEBRERMNT 57200 AB 2 D0 REE
*%EY (Raw Image Memory) , ¥y F Y7 MHE7 1 V¥ (Matching Filter) , ¥t HH
v~ % (Pixel Counter), A,B 2 DNFHEHE{E AE ) (Template Image Memory) , 3 & U
¥ OEREREER L TB{O0FEREEFEA M L — (Template Image Storage) 2*H4#
BEND. BEGAE) LEREFEAE)E 20O LICEY, CCD # A5 4 5d 5 FE{E
AEYANERALEZ (T o TWAHHIC, MAFOREGAE) EEEEGEO< Y F V7 UL [FH
BRICATD S AW CH S, T/, BEEFAN V-V EEEEEAT) EOBX, B LA
Fe=FNA L o TERENTVEDT, AP L=U06 AT )AOERIIML L CEESE
LI EHHEL. AL EFIMBEORMIZ, PAFLAFHHEIVYEa—FIlEEEREY Y
P THITS.

3-2 LC-net ic&3 82 X7 LDEEETHI

EERE S — 7 ¥ ATz, LC-net 12 X 2 MM A 57 A DREEHIZE 2 17T
EEEY — 7 Y A0 5, FREGONALE, HEBHEOBRILE, BIU~yFr 7L
HBRLroENEIL, FhEREFBO Subnet-1,2,3 TRITF TRy b THBENRTWS, &4
2 bOAOATHE, TVL—A 81, 54, 86 NR—IRENTAIET, FRFROY TRV ID
A S h sl

IZH T2 P OBERRMERIZKTEORMEIC L ) AR
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(a) BEHEK _ (b) EIfRLEEBONIPIEIK

K1 ERESRT A
Fig 1. An Image Processing System.

&mmvnamm%wmtbu,%#7%yh@luamuu&t67v—x%,m%m}
G av uBEU L I oTHEETS, FV—ABMENDL -2 DMEIZ 1~ NT,
T3y P CRBELIZELVESERT.

MUYy a4k, BEROBGARF—N—F v 7 HICEELE X, ROEVORETE
BGAEE 2 A S ¢ 2 A0 IHET 3. $7:, ETORENET LEBORTREL S, X
BHFIRDL 1oL @ 2 DEEL, ZREFRRDEMIHT HIY ALLBOFLE, B & O°
RTREBOBREZFHD. LOZBHERRDL IITERD.

o= {s2,85,57}, t1" = {s1,58}
overlap(u'l tl) (0 < N(32) < N) and (H(35) # 0) and (H(S'{) # 0)
{ p(s2)+1  :ons
0 10N Sg
DL (pl* t1) (1(s2) = N) and (p(s7) #0)

0 i on s
ngit(ul* tl) = {
n(s2) :onsg

Coverlap("” |* tl)

=7, P IV TV av i, BFEROBGAMLEIKRT Lk, BREGEXE<yFIIR

BETDLELLOICHETS. 221, BEOEGI) AAMBORTHTHNL, FHEEE
DEHZZLER L, v F Y TRBDORBOAT ). BREHEZDZ, 0 Phina®? 2 2 HEL,
FNThEREGRERL Yy F Y T RBORMK, BrU'<y F Y7 ABOADREDOEE
D, tDEBRIIRD L HILE 2B,
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Fig 2: LC-net figure for image processing.

: *to = {s3}, to* = {54,56}
(I)?wrmal(ll’l* t2) (0 < M(Ss) < N)

. p(s3)+1  :on sy
C?mrmal(p’l t2) {

u(s3) on sg

. 0 10N S4
C2, 1) =
fmal(”l 2) { u(s3) @ on sg

K AT LB LB T B70ER L% v bR, B2 ISRT LI, ¥72 v
3, FFrYvarie, FL—R13ThHol

4 FRAR CEHFEER

4-1 LC-net OE4F »

X 2 @& LC-net EFNVERIETS. AVAFARNRELLZTY VN ERSENBEREINLE
2, MEERDELZELTIT ) LEVS 5. TOLDITR, YATFAREIEKTELWF T >
Vvarvdhnwll, HL—F0RVELABEZTIEC, S#VELERY—FV 7 DRE |
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PEIRINTVD Z EDRUATH 5. D10, BELEOE~ % 7 TSRS
ERL, Fv METETS. '

 nB, MgosBcl, AYABIURTANS VY Ya v CEESRTWD, &Y T3y
FOABBESDT LV —R (51 ~ 58) KB THT—FV TIRE (p) DAETLRT 5.

B»= (311 82, 83, 34, 85, 86, 87, 38)

4-1-1 i~ —%> T DHRE

3 v MEATERIT) 22012, B2 IGR LA LCnet FUICKH LT, I~ —F 7 DREEIT). 4
Hl~—%07 o 3, RELEBTIBRAOLVETH 1 THLI Db, 1= (1,0,0,1,0,0,1,0)
EEBETS. COMP~—F DL ETE, BRONO1AT vy 7B CTREZOI) AALEL,
ERTGEOERNEIFG SN, BELEITbRY,

4-1-2 THEXRICE B v b AR

DR — %Y T oD FC, B2 POER LATEAO—HEE 3 I0RT. 2B, TEAHO
Be—%VTREM; Ge{1,2,-,17)) OEHE |si| B, 7 V—R silclESND b~ ¥
O (07213 1) TELL.

M; = (|s1],]s2], 1831, |54l | 551,561 [ 571, s8])

I, S—FVIREQETONAFARBER 2 DETD IS VT vavdiBRgRTHI L
Mhhb, Tz, KE M, =(1,0,0,0,1,0,1,0) IRENLw—F U 7VIRET, £F 47 VKT
BORENEIRINTWEZ L bIS. LoT, CORIARLBOIH~—FY7DD
&ET, BHEHEDREUIMREESI AT 5.

RITIREE My, M7, Mgl DWTRET 5. Shbid, BEGIR) AAREIZBWT, XDt
WOF—N—F 7 HICHELTWS L ESY, REFEGOGXNETRERRI Y V¥
WEAHET L TWiWIRECH 5. 2% 0, FEEND AR ZIToTWAHEENIC, HRERO
EXRLHE, < v F I REBIUEERI T Y IREBOWT RPN, BItEoTninind
ZETHY, YATFLLLTERETH S, CORBERETIAD, 43EEL, HiltiTL—
A s EIMNT 5. BERIR, st =208 H o T, ssT i 57 — 7 HEWIREER
DT, LHOREHROBKESERET—F V72RO & HIGEMTIT L V.

Berror (B]" t1) = ((s2) # 0) and ((u(ss) = 0) or (u(s7) = 0))

C;rror(”r tl) = { 0 SO 81, 58

p(s2) :omn s
VDEOBEZ{ToFy VI LTHEREERLALEZ S, LROREIREBEICE
WTh, RBERELRE L TUEMEIET S E2HErDT . . :
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Start . (1,0,0,1,0,0,1,0)

smﬁy//’ \\\grwz
-M1=(0,1,0,1,0,0,1,0) M2=(1,0,0,0,1,0,1,0)f
Error( ) ( lSubneM A \\
M3 = (0,1,0,0,1,0,1,0)
Subnet-1
M4 = (0,1,1,0,1,0,1,0)
t Subnet-2
M5 = (1,0,1,0,0,0,0,0) ’
©2

M6 = (1,0,0,1,0,1,00) . .
’W( lsuN’!‘;”
M7 = (0,10/1,0,1,0,0) Ma-upppJJpp)Mg-u,pﬁpgnm//
Error ‘W - Subnet-3 _J
M10 = (0,1,0,0,1,1,0,0) :
Error M11 =(0,1,0,0,0,1,0,0)
. Subnet-3
M12 = (0,1,0,0,0,0,1,0)
t1

M13 = (0,0,0,0,000,1)
Exit

K3 LC-net R bARK LIzW#EKR (—E4)
Fig 3: Reachablility Tree by generate from LC-net figure (Subset).

4-2 AL E1—-24 DR LEERER

LC-net EFMIZ X BYFLEY A7 2%, HMHI Y Ca—y EAgE L, BfEOREY
1To7-. '

AEFBOREOTT, EIFUEY —7 Y ADOTRIERM YRy bTREB LA, BEmEEm
AR HEMEE R, EELAENLELR XY AF—Yarbu—g Lo@EERE, BIUE
HEREDT IRV VAV I =Tz~ ABe LOERTO Y-V 113, (RO CEFECEY
L7:. BEREIOEHRBETC MHHayCa- 2 RTHRON N~V F VIV a—F%
Hvy, LC-net IZ X 5E7 VL, 2 v P OREE, HEXTu Y~y LOE, BIUBBOET
T VTCOFAN BRI TEITY, ELKEET A LR EIEL .

LC-net DFBIZE Y, COFEGEREI AFAD V7 by 2 THE, HITIEROBREART
R REES IS8 L TV - BB S OERICB LT, KiE% 2 A b EIRAR & R,
ik, BEIBICC AT AR LCnet THRIEBRTEALZE, YAFLOEEEE R Y
ML L o THACRFETCE o2 &, BERT—77udv—Vr bofecilB oy sa%



HE A7 2D EFAMLICET LI S B LEREI»F -V x v b 25

ERCEZZE, BRIABOFAMERT, S/ Q7 SAD) TVE 4 A 0EEE R v + O
THEMICRELEMNOITA I LORRETH S,

5 EEw

BEfF PNs %> CPNs Ol 2 % #E 5, mEH I~ M YA v b (LC-net) A RELEHE
TFol. b U VY a »BREMEMOKS % LCnet IZEA L, BE%{T o7z, LC-net ¥ fiv
T, NS AF LA 2HHT LV 7 P 2T EEFMEL, TERCE 22y MR IT o
REVRIARADR Y P PSERLHHY 7 b2 7% IS Ea—F EAEZEL, £
DEWERFER L2,

41%13, LC-net DEMEICH ¢ A 2B FEDL LIS, BIHI AT 2%2MS L L7z CASE vV —
WADIEHZITWL DTS LC-net DREREZToTWLFETH 5.
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