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ABSTRACT

SUBJECT: Study on the Loading and Unloading

Schedule of Automatic Storage/Retrieval
System Based on the QOTPN
SPECIALITY: Mechanical Engineering and Automation

CANDIDATE: LiuT. SIGNATURE: Zix 7.
INSTRUCTOR: Fu W.P.(Professor) SIGNATURE:FWD\/QI‘M

ABSTRACT

In modern logistics systems, automated Storage/Retrieval System(AS/RS) as the key
part, is applied in many fields. The problem about the optimization of scheduling of
loading and unloading warehouse is an important part of the research on the warehouse.
After summarizing the main methods of the research about scheduling of laoding and
unloading warehouse, this paper provides the different method of modeling.

First of all, the paper summarizes several modeling methods of the warehouse, and
an object oriented modeling method and Petri net(OOTPN) modeling method is
introduced. Then the paper explain the math foundation of these two methods.

In the second, 2 model based on the OOTPN of the warehouse scheduling is
established. Then the paper analysis the deadlock problem of the warehouse scheduling,
and give full condition which the deadlock will not happen. Furthermore, the paper
analysis the Petri net character of the model and at last, give an OOTPN model of the
warehouse scheduling within information place.

Thirdly, in order to study the effect of the schedule rules to the warchouse running
efficiency , the paper uses the genetic algorithm to encode the scheduling rules, then
analysis and optimize the rule codes.

Finally, using the VC+ +6.0 as the programming tools, the simulation program is
coded and realizes the optimization of the warehouse scheduling with the method of
genetic algorithm.The simulation result indicate that the optimized nules can enhance the
loading and unloading efficiency of the warehouse.

Keywords: Automatic Storage/Retrieval, Scheduling, OOTPN, Genetic Algorithm
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RIEN), B4 BRI LUEE Petri W, (£ MERTHIPR IR E] - NZEERRIR,
FERE—MREF, ENEEALIA.

16



BEE T KFHREFARL

Fltn, % EE AR R
q 1 r FOBACREE a 0 b B R
BEHE . HEFERIR q. RE
FERE 1, BELANER
. 2 b BED, BEELAS
T, RETE q. 8 2—4 A Petri
P R I P HERE AN B UR 7 BE AT
B BHATT 11, t, XHHEE Mo—4 FABER (b)) MPFAEE
A qBE L HRL gh ok PRED NREIERG
MHE q XHENRELILHN, RE—TERRHTTE,
@ IEYER AR 5

WA, 2a—AHIRIR u B Petri B N BLE—MFiR 0, BFF
HER(N,u)?

AIEYE IR UL Petri MM REV B EM RE RSB BT REFTEE
BEHMEM, BB 7T REEG Y LUEIE M A TITIEE SR MES.

A @t CMm—MEFRIR u i Petri F§ N AI—4-% 70, REH
—AERIFRIRu ERWN u) . #15 u2u? 7

24 EEEEFEA

S EERA G ARSE. AREES NIEAL AR
WER R LU RERGS, B B EE R R, SRR
BREER, WA REERELNFETROEMHAER. B, —EBAEN
ERERERAE L H T AREN AR RENTTZEES, MITFERHT L
IR M RATEE T, USRI SR, . ThEREE, X
FEWEAZSRE, E-ERELFHTREIERENARE, BEATIE=
MEEEARBRONZATANBR TERE, &G MrMEm T,
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B8 O IRCEREINER Pari ®

TR AR E —SMERITT R, SREMS TR —EEE.
MAG - BEEEHMENES N ARBREARAHTTRENTEST T
MR XS EGE. EFRARE AT AR E TR LR S,
WEERSE AR NET: E g S CE T 4: DR T3 - PN L= Y- M N B
A, RGO R LT B R b .

EFEd, TEFSNH--HESERIET - —ERXNREN Peti
W, FRXREEES KEL AN IR AERENELY,

2.5 BB/

AEND T AN FESFERITNEREHFNERE T BRI
SREFEN—EE, REESHT Petri M EE T LK HEFH
M, EHEASHEC RS EMILR.
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EZF AS/RS EAKRA B %) COTPN %

3 AS/RS HAFERE AR5 H OOTPN 4

BEWEILR ASRS EANERERGEANEY, RN ZRERIT
AR, AT SN IEERASITT TR, B—ERSB M Em T
AR Petri W (Object Oriented Timed Petri-Nets, OOTEN) A1 Fik
B AS/RS P AFERE R GRIZITIREN OOTPN #EL.

3.1 OOTPN HIE&E A%

REBRUARCHRA ST EEE IS RENEKRERH L~ ©HF
MR RS KRBT, R SHRERARI S, BRAR. &
PP R ) R0 Petri BB HLAR ST M R AR, LR
P B S ST AR Petri IECR B, 45 00 J¥ERT Petri W#ATH &,
EREGHEEE S TERMERMIET N, LREMAEE Petri M2 AEIE
BE, MRS AEESIMEET RSN TELNRHTE R
AT

A1 EANE (00) KRR

1. HEXE#HRE

HRMNZER—MERFYRN TS, WHERR L REE LR —
MriE. BENEEAUEGATO, MEUES %) WAL
REEFEN—FER. AL, EEABERUTRARS. & HE
BAEFEN, 5 e 0 B 15 24

WA FEFEREERES: 7% (Object). ZK(Class). 7% (Methods)
FIEE (Messages).

Ol RN REEPARETE N Z 2 A F LN TERY, E6
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ETEEWEEHT B4 R AR GEHEEREE).

@ENZEFEARBHENRIEN —AMNBHMREES. HREEN—
AT, B RIS G M 4T R SR AR AT R SEHL P AEE O E A
KRR — AR ER B (BEE), WM RPN AT e, K
—~3LE R E RN BE K (Private) . {R37H (Proteet) . 5755 P (Public).
FLH BRI R MV F IR R E, THHRREH A RFE,
HPRA T, XHRE RN RIENE R,

@FUREENEFRE L ME, M ENFELE T RELE
FE-HemidE. CREENBUHEE-EN. —MRINEEFEY
VTS me, BATLIEE SR,

@EEBRMFEME=MED TN, NS WEHAT &, #iT—
AR, EESHIELE, DRMNETHEELH B8, BuRhE
RE R,

2.0 [ R A £ E AR

OFE. HSERPEESHFRFEENRE (7 He7F -#,
FULE RS R T — . R TARMEN (BER) i
TTPF P, [ RAON T MBI, B T E R IR IR AT RE. 1R
& T REPEEE R RAT . R R S S R T R E AR
R‘ar.

@A, CHAMNENFTEDR, BEHE-EMNZRELRER, i
ik, MBEREREEEITERRL. MRS ERE THEERE
HIBGE Rk, Bl DU R AR E LR, U7 A4 mo 2
AT Ll HE LS RA R R EAE . BAMERSE SRR MEWRE
WEER I R R & TR T ER .

QHRfER. HEFGERIBRMNEMA AHM—FR. EFE TR
Hikd, T RAEBDTWE I F T R, ERR LRy LR
FHERNEH .
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B =% ASRS BAEEE 344 QOTPN 44

@zh#&YEL (Dynamic Binding). © R AT —MEEH £ AT EHH
A (BAEM), TR MEASRALIE, T Ll E BT R RES
L ENSHETER.

3. BRREMRTTE

OFRARALH B I 528, 8 F BRI R4,
HMA T HEHNE, Mm%,

QF X8 — 25 R BB AR,

@A ELII R4 ),

OREHE, RERREIEY

BN ENBAR AR SEAPNLHEIAL, SHER
SARKE IR ERU R E. R, Sl TETSZNELS
B (7). WERBLANAREEEE.

3.1.2 OOTPN HjE L R EAL S

OOTPN BRI B FA| AT 00 (HHME). P (Petri ). T (BT
EEAMEATEHEEIER T AS/RS H A BN @B S8 TE.
1. OOTPN A1EX

TH ] ST B IRET Petri B E LA F:

OOTPN=(Py, Ty K)
A, Py ERZEF SWEX SRS Petri W7 MR Py(i=1, 2, ..., m)
s, HEXSLE Peui FALL T AEE Py FREZ EH AL
PERTHE AT Tyl j=1, 2, ..., m, i#H)HIES, K VHELEETD
A RZAERHRANE K (=1, 2, ..., mIES. EFPHEEE Py M2 —
A7 FLe, Bl
Pmi=(®, T: F, C, w, up, Time);

XFWP, T, w, ug58H Petri WAHIEXAHFA, C & Petr WP E.
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F B L REREF G0

e MEErEESE, Time £FR7 Petri MEA D IER AT 0] IER,
F=(PxT)J (I xP) AMBhRREMINNES,

# OOTPN #&EAIF, JBAESIH Petri MIIEE T MR I 3Emk, &K
FEEMTETET, Eo2rANKBREE, THET ZEPEME
WEZANYESTERR, BT REDYIIRIAN AT 5,
{F BT T M R A PR N I PR SEE R B 2, AIBAE K T
W Ky tEA TN RTs b Bk e HaloR &4 RImE.

ERSERATFEEYREANEER, ASRS REHEB FREREN
B, BB EEXHMRAR. 75 OOTPN , 18 Petri MEIRL (FEFT)
Iy RWE A, BI¥EYEAT (Resource Place) F{E B4 (Information Place). %
A RFRERES, BES PO E R 58 R 5 R0 T & R
MR &, L Petri MR BIRBI R R REF YR R EE R ENGTA, ERM
M aR ARG ERNER, BRI HEFERE LR
2. OOTPN B F kAt S —

H OOTPN BEHFZEVHETHEIEE Peul MY, SEH#HA
ASRS HAFERENBEPFENIFA. B0, . A, 2HmR. FHE
EPE, BIRAFEENS, EARTEASEFET CABREENEG. M
W, Petri PITTRLEIT™ 8 1405 im0 RN BRI RIEAT 204, AP —
FEFHT 00 BB A HFIITFFRIEE .

b, BT OOTPN %8 7 I [EIF &, 5% B A0 R Tk REIE T
BT, BTSN S, KAWERAIEN BT S RED
Mt BFEIBEEH 5 A K KINGR T Petri ME)4TEE . 05 % F B E R
@, Petri MELHBERRREKPRELEATHALR, NAKAEFWLK
&, MR RAERTER, WA AT Ha LI, ek
R4, MEFEREXET AREMMNR, FEMAREZE—RAH RS
Mg X EERE, I ARRBERE, T30 bR 2T g
ZIEMF. B AT EmE R & E TR, AEEFENE ., ENTE
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EER LA T ELES L BN A F A fel k.

JeAh, OO BT NE15 OOTPN A AF TR AT 4k A& 14514,
B HEES TEREY, HECRIMERMATERN, TEUR
BRETACREME, Rl A S M DIRE R B T B RER
#HE OOTPN #83, ATLLK, OOTPN AiEFTH# T 48 Petri PIXE LA -3 EE
R RGN RIRYE.

3.2 AS/RS B9 OOTPN #&#

Fl OOTPN #E#R ML EENBAERERRAZERTE
T DL ESE 0 AL B BB M AT AR, TH Petr MAE SR
FAMFAEEN TR B A SRS AT TR BT,

3.2.1 AS/RS R N FE AR

F ARSI G R WA R R T e, i 3—

1 F7R . 3L4E ] | R
BRI ] . | |
. - . =
FEREL LT R
K. HRH — IS
\"L
HNE & T M ERL
i 0 R4 e —
> N D L wEs
HEDHS 5 poa—dBl @ WY (w] (w7 waE
I [y
A BE gy - LR
‘ [ :
Kgghy AFEeT HESE
a5 ! | i e
th % %8 4 Aev‘/ﬁ : PR
B, TR E3-1 BEb IR EFEE

BEAF - GHERTIATHHRRE ENEDTFR, EEEOEE —d/AE
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&, HNES S AESHEAE, BERERAEBLES, H5F
ARTHREBR, HAFESSRTEN— LS. g R A G
RRF RN, BHA X S D 215, B/AEEMR
WM ERRAESXNAS., BMRRARSEHI/AE, fll, HA
LR D7 R LN FELR P I A S, TS BA T e e A B T 8 — A
WECEHAAFEEME, BESRR N G, SR AR
AR BAITURE 7T LU I 49508 2 U

A 7 4 (B B A 0 4 ) B4 PR AR A T BT R R ()
BHELAT OSBRI EE TR ER RN, SRk
RERIAT LU R A, B ARG TR, TS 14 B4 bR IR T HE AN
FE GRS, B0, MY R B AERR S, BRI
Fed FIUEHYITE TR E B S, RN R E R AR F
B, MENSYNEESEAEMR, SHEE (HTHELESRR,
F SR FIA TR, BTG - B2k, Bt AR EEH
BEEERAURER, SR B BB B O
THREMEERE. FiL, WEEXAEEEEI, FERLTETE
Eh R MRS, REEHLIFCEBERANEE DT, SHH
HEMBEERAREREREM. ABL, EURAR A ESE S
ENSERENE, FERIGCENEAREMRXEEGR, HINE
b B ) N B BRI BRSO R A S A

3.2.2 AS/RS H A FEHE OOTPN #HAU & T (S B A

BAMEI A CET R SHE. SORE. RWELTH I EER T
fxg, MAERYEBERGNFERTUSIM TN SE., &
OOTPN 1, — P HZAELFF LR Petri MEIF RY, MM RENBHE
HTARERT. EEEA Token HERLESRT: BIEMIE LT AR %
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#2F ASRS £ B F %4 OOTPN #2

. B, BEMESKETROBERERTUERRANER, Hie
WP RIBENRREM R, $AFRESEAR.

¥ OOTPN Hi{F B EEE ASRS MIB&IRAH X, MEXEET
WHIR AS/RS HAERFEMNEHRL, MEX AS/RS HAEHEREHHK
EMAHEHTOH, HAEERXRRTMRNSE SN ASRS HAER
FE OOTPN 2!, RMEENENT:
1. F B A A BRI AT FIA AS/RS HAFERE RENE A THITRES
A%, BRI ESETEXRENRT 2 ANE, RRELEXRNE
MR 32 Bk |

IR R
HIG2: CelllMame
BITER: Celllnfo
FEHHT O
[ FRET O
Y
' T . 1 ;
ey i '
e RER | i NEETREE iz
| A Rlist B Enanc PROTEMA: AskInS| | FERR Wareleme
1 A Contidition BAREE: Einfo RAZERES AskOS TEE. Werelnfo
i 548 Conclusion BERE: State k’ﬁ&:’ﬁ 0 TREPRTS: WareStat
R O BeBEHE O HHERET O IR O
N BRI O
j | ]
IEHNEAR: Voame BRERRER SName BARE: Name
EHEERE: VState | | BAERSMRE SState REWA: State
3 Load O BEREE O BERRRE O
e Transpart ()
B Unload O
B Wit O - wE
BABRERS O N
gk
BI3-2 AS/RSHEEHERE
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DRENRE. ERLIEG i ORA, LA LR HizE 5
B BERES. RIREES, [RIEE A — 5 R R
TEA, OMEEBBITLEL R AFEAREE, WL, FHEEEH
BHAH. RIRRSEENE, #A8HEHREREERE.

Ot XEARKT R ERITERAFIUIN S, THERY
FEMOER. WE%: MERTMIIE. NERLENSRRE,
BT RS R &P IERRA, FERAS,

DU NEBATR R LTS T A RS 2D S R R L A,
ERESH, NTERTEAERIE, TURIEAZSRSERS,

@I BUNE T — FFORRAIE A, S5 0 R 2 50 T 42
UL, RE A Xt VR SN AT

B 3—2 BRI T B E S A A R 2K 40 T R L R
BAE (RO, FAEERETHERMNHEBEXE,

2. ESUNBEF T Petri FI%F

7 FIRR RGP IERE b, AT Petri I AR SO LLTBE) B 4526
1] Petri 7&K

DR BB RIRE TR P &5, FRBERLE KR AAFHNSG
%, B R&ETHRERE T RS MRS RE S, B, R
FEASRIORA S B, WFREE, FORATT SR 3 MR Py P o,
P o, DS EE TR R AW AN A SRTRE, RIS %
WL THIE B, S B ORE SRR SRRl L. I k&
HASET S Bl T AR R T, ENST AR B 8] Time 4.

QY ARRRSH AT LIMER Pi(=1, 2, ..., m¥F5~, HIEEREH
Wi 6 AT SRR 0 2 T I, AU SEIES AR (A
BB B, WAREAER T SRR T 5 AR
&, RS LU T R A kX 4
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FzF ASRS A EIREE %4 OOTPN 27

2, .. m)FER. BIERISAT I R T MR AR TR . Bl B 47 R A 4
RATLIHEE, MHERTME, KERYMTLE N B E A ER TR
RHEFRS, HRESEHAENT.

ORI T IR BR—AMUEAF), FLET—RAEFEHNRSHER
MHNERR, TAENIIRERUAT CANEREME T RS L
HERDBFEREENEZE X EM DA . BERMFL T LT
HEMIBA Y B PR L3
3. OOTPN R W@ HEAI 2 L _

TERT AS/RS W& RIRT KR K Petri FIE X HIEA E, HERRERE
FBI7 OOTPN #2S, FrE rEE B RBIENBIERITA ().
EER R EREER KR WA, BARA. B4 2 OOTPN A
EA Petri MM SRR (REAFRB R R EXFGE) SHT Petri Witk
RERRMA, TR Petri MRS HEHBRRETHXRIED, Fll
& 33 P i%nd i SR A OOTPN #£7E,

, Pi: WELH
1 Py R EREEEEEEREH
“GD; Py MM, WAMEES
- Pu FRABEISEAUM, SR
5 Pi: WFHLIZHREL
y P, YL ERE TR
P, h: WEFFIRIRE
H;QJ b REFFHEESEY
B, e WETFIAER
H3-3 JE40 %4 R M00TPNE T W FIEHRRY

ZARTYF P P, 3 A BE R 1 AE R R
RN 47 . BAARAWR A AR OOTPN RS F MR, HELEE
WREHEE 3 -3 £ % ARHREXTLURBERBERTAR Fe XK
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BHERIKFHLFHamT

FEFR AT &
4. EATHE
L‘fﬁﬁﬁzﬂ%i[ﬁ%|_E]ﬁfkI‘ﬂ?ﬁ)\&ﬁiﬁ&ﬁﬁZFﬁJﬁﬁiﬁ’ﬂ’Eﬁ, i
BT SBBREMPMEXFRIT L AR, 4 ASRS (EAFEREHER T,
BT E T R AR RS Petri RRIE LRI RIBAE, WBE 3—4 (a) Fios.
i 55— E AR A i W T A AR A P s | AAMBRE A RUFR I . XA Petri
PRt A B T S AR RIRIBIE e AR s, #H R # Bl #L
TUIER v ST B BRI . OOTPN AR ZY e ) b S 4% M8 B AR L W] LUy =
O EFT 2 BFARME, IFIRENTERTAETHEFNEA
fir, WA T i A AL A R ARIT, XRS5 — AR AT Petrd R g
RN P, HAAEFSTHEFSFN KRN, HERILEEET
VR ERAER S K A X TR, RTINS, AHIE T REEH
MR A G, Wil 3—4 (b Fir.
— DR EFIIH AR LR MR, ERFER T, AT

BN PR E RN TR r, 6} 0, ::\
B BT 8 TR E O rocls “ff%ﬁ%f“
YOAE Sl R AR B, 6 ¢, /: 0L EOr
ﬁﬁy ééﬁm}zrpmﬁﬁ%i&)\%gﬁ o) (8

TN /*\)P . !/-\\, Q];J I

REEFRAHEESAER Oy Lon Ok
e Te e s .
Fhphse, AU S AR T

£ ' \/\‘\!’
SR 5 B 5T HE 5 20 50 B R . o
BRI, ME3—4 (0 3-4 FAAE R R A B TR
=y (2) RTEATREE  (b) T EAE i fo b
(c) o 6 AR AT B4 o -4 BB I
(@ A 1 AR I i 22 1] (d) A 30 I ARSI 2 e B e 5

AR, ERAMER T, ARAEITIHAREACRME, W 3-4
(d) Fros, HEZETE T RT @i AL Po 2L PSR, X0, fERITER
TR RN AR BN ST R E. B 3—4 (d) T
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T St A% BT AAL Po ] Ty AR EHIALL Py #) Ty HERA L EEIT
HAEmmANY, B2 HYEFWEREHERRASEREXFPFR,
AN BAIEATR B SR A F R AR R 52

5. HIEEA AS/RS EAEFHERLN OOTPN HH

REFNRAER T RUEAHE Petri RRKEMEN, AIETRTE
AS/RS F B> Petri *ﬁﬁ%ﬁ%@*ﬂﬁ@ﬁﬁ?g/l\ff,%ﬁ}ﬁﬂj)\ﬁﬁ)ﬁ%fﬁ
ft) OOTPN %, WE 3—5 i, SR h AN SRR SRR
Beo NFERUIR. HEERLEUNI S LRI, TOZ AR AT DA A
BEErp AR, MBS R BN ESFER. SR g TR,
B AR RE R, Bl Ty AMRYHAGWR, HHANES
R Ty AWRDHEANES, EANERE; Ko ANEEH
HH: BPHEAZRTRK: Ka: NESTER, BUHANEE . XEH Tin.
Tz LR LETIT, T Kin~ Kz WEABZ S ERT RAERN, £TF
B R RN R R R AT S F:

P RTH B E = ERIER BB G E, Pagy R AGV FH, t;
T AGV HRILE, BYESHEALKCE. P, RARYILTHE
ERESHEANESGEEZZMHX.

ANEGPRER Py Pir BYHERHAANEZHE; Po: RYENES
P ERALE: Pu: RYESEIFAER D
B: Pu: ABEMPETHE; v NEEELH, &
BPNERRK: o NEETWH, BRYHANES;
Time; T EEH BRI FHEZIAE & BIBT (R B .

G Pyp: Por: BYERHEAFHRE Po: RYWEFHE; Pu:
BYHERBE T HESFHE ) BRWRETAER
R&: t: HHEVTH, BYHNHESH: Time, &
7T D) o HELR LB SR A I ] 3E5E

HEEM MR Pys: Py HYMESEANBEZMNE; Py BMEENHE
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AFFRRE: Pug

WHEBAE S I FE: Pr: A& ETFE MK P
HEZ R TR, ty: BOFAHEREPX: 2
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AGV ZFRMIEIR,
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i BERE LR Pys: Psi: BRI ERAEREERIT; P BY

ERERVIERIBETR, PaRYRELES, 55
HEE: tsr: BBIMLERS BB HERN ST E RER
W E A, EERY: 6 FEEHTE, HEHN
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HEEHE, Po: HERVUBED, Po: HENERR
MNER: o HERYLKEE, FIRES: to: BHETE,
Times 7~ HE AL A 1B,
_HEMERMETNE NE: Py AESZR: Poou: HEEE W Py
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WETH AR S, HIWERILUTHNE: Pacv: FMEF AGV TH; Po HHH
E .,
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o REEPED, T LURIERE R E R naUR D B AT, mEME
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FARERLNR HESFRE—EMOER, XER., BT
A REE 3-S5 PHABRELRR. FAESRHER Y N E RN
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3.3 3 AS/RS OOTPN 2B 447

AS/RS HH AETEER OOTPN HEA B TR G, St FE X437 4Y Petri
RS RITERE Petri S0 HT A ilb iy 08, FAERRESIERIER EX RS
K& R TT 2 ¥

3.3.1 Petri M43 HrioR 12

Potri P AMEBEXT R EE AT BE R AL & FAT AT, T BaCaTellsd
— M Petri MM ATIAR, MARKHNH T, SFEM. WA, TESREM
EMEMNRRET N, RAC2RUN Peti MK HiEAFEA R, T
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—
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