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Bai bao trinh bay phuong phap sir dung mang Petri dé mo hinh hoa va
diéu khién hé thong san xuét tu dong. Trén co s¢ m6 hinh mang Petri,
céc phuong phap mo hinh héa cau triic diéu khién logic bang mang Petri
dugc dé xuat. Phén mém diéu khién hé théng trén co so ly thuyét mang
Petri dugc phat trién dé mé hinh héa va diéu khién hé thong. Cac /0
clia cac thiét bi trén hé thong dugc gan lién véi cac vi tri, chuyen tlep
trén mang Petri. Tién trinh hoat dong cua hé thng duoc phan mém didu
khién dua trén co s& Iy thuyét vé sy phat trién trang thai cia mang Petri.
Céc két qua nghién ctru duoc thyc nghiém dya trén hé thong phan loai
va lap rap san xuét tai Truong Dai hoc Pham Vin Dong.
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This paper presents a method using Petri net to model and control the
automated manufacturing system. The methods for modeling logical
control structures using the Petri net are proposed based on PN model.
Software control system based Petri net was developed to model and
control the system. The devices 1/Os are attached to the places or
transition on the Petri net. The operation of the system is controlled by
the software based on the theory of the development of the state of the
Petri net. The experimental results are based on the classification and
assembly system of Pham Van Dong University.
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1. GIOI THIEU

Heé thong san xuét ty dong (Automated Manufacturing Systems - AMSs) 1 mot khai niém
dé chi viéc mot hé thong san xuat dwoc diéu khién tir may tinh ma c6 thé thuc hién dong thoi
nhiéu cong viéc. Mot hé théng san xuét tu dong dugc td chire bai cac nhom may CNC, robot, cac
h¢ thong van chuyén dugc bd tri theo diy chuyén cong nghé. Hoat dong ciia hé thdng thudng
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duogc diéu khién boi cac bo diéu khién logic. Uu diém cua hé thong san xuét ty dong 1a c6 thé dat
dugc nang suét san xuét cao cho céc cong viéc c6 quy mod loat nho. Pé dam bao diéu do, hé
thong can duge thuc hién cac nhiém vu lap ké hoach, lap lich, kiém soat hé thong va diéu khién.

Mang Petri la mdt cong cu toan hoc va d6 hinh rat hiru hiéu cho viéc md hinh hoa, phan
tich va thiét ké cac hé théng roi rac, ddc biét 1a cac hé thong san xuét ty dong. Cac nghién ctru
ung dung cua mang Petri tap trung vao cac hudng nhu lap lich cho h¢ thong san xuat bang cach
su dung céc g1a1 thuat tim kiém, t6i wu [1-9]; Kiém soat hé thdng, tranh hé thong roi vao cac
trang thai chét (deadlock) [8, 10-13].

Mang Petri con dugc ing dung dé mo phong kiém soat, thiét ké diéu khién cac hé thong. A.
A. Pouyan cung cdc cong su trong [14] da su dung phuong phap KST (Knitting Synthesis
Technique) dé dong bd mé hinh mang Petri cho hé thong FMS dé diéu khién hé thong. M. Taleb
cung cdc cong sy trong [15] da sir dung mé hinh diéu khién dy bao (MPC - Model Predictive
Control) dé tim vector diéu khién theo mét tiéu chudn cho trude qua d6 xac dinh chudi thong dé
diéu khién mang T-TDPT (T - Timed Discrete Petri Net) tir trang thai ban diu dén trang thai mo
ta. L. Wang cung cac cong sy trong [16] da trinh bay su dung ba phuong phap heuristic trén co
so chién lwoc ON/OFF dé cyc tiéu hoa thoi gian diéu khién ctia mang Petri thoi gian lién tuc
(Time Continuous Petri Net - TCPN). Luat diéu khién da dugc ap dung md phong trén md hinh
mot FMS. ‘ ‘

Tuy nhién, cac nghién ciru trén ddy chua dé cap dén viéc sir dung mang Petri dé diéu khién
tryc tiép cac thiét bi trén h¢ thong san xuit tu dong. Trong khi do, voi tinh twong dong giita
mang Petri, hé thong san xuat tu dong va phuong phap diéu khién logic thi viéc 4p dung mang
Petri dé diéu khién truc tiép 1a hoan toan kha thi. Do d0, bai bao trinh bay phuong phép mé hinh
hoa hé thong san xuét tu dong bang mang Petri. Trén co s¢ m6 hinh mang Petri, bang cach gan
cac cau trac I/O cia cac bo diéu khién cua cac thiét bi trong h¢ thong voi cac vi tri va chuyén
tlep cua mang Petri, ta da tao dugc mot chuong trinh diéu khién hé thong.

2. NOI DUNG NGHIEN CUU
2.1. Mang Petri thoi gian

Mang Petri dugc timg dung nhiéu trong cac linh vuc lién quan dén viéc md ta va phat trién cac
sy kién. Ly thuyét nay duoc cong bd 1an dau tién nim 1962 trong ludn an tién si “Giao tiép véi cac
thiét bi tu dong” cua Carl Adam Petri tai Leipzig. Mang Petri dugc dinh nghia nhu sau:

Dinh nghia 1: Mang Petri gdm 4 phan tir:

N = <P, T, Pre, Post > (1)

Trong do:

- Platap htu han n=|P| vitri; T tap htru han m =|T] chuyen tiép; PAT=0.

- Pre:: (PxT)>N+ 14 ham vao ciia mang duoc dinh nghia bang trong s cac cung tir vi tri vao
chuyén tiép.

- Post: (PxT)> N+ 1a ham ra ciia mang dugc dinh nghia bang trong sb cac cung tir chuyén
tiép ra vi tri.

Mang Petri dugc dinh nghia trong dinh nghia 1 la mot cau triic tinh. D& mo ta hé thong, can
md ta cac trang thai cua hé thong va sy thay doi trang thai cia no. Cau tric dong ctia hé thong dugc
dinh nghia bang cac danh dau va quy tac phat trién cta no.

Dinh nghia 2: Mt danh dau M cta mot mang N la m0t anh xa tr P vao N, thé hién bﬁng mot
gia tri khong am (goi 1a s6 token) tai mdi vi tri.
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Dinh nghia 3: Mot mang Petri danh déu 1a mot cdp <N, M¢>, v6i N la mang Petri va M, 1a
danh dau ban diu ctia mang. Bit dau tir danh diu My, cic token s& di chuyén qua lai cac chuyén tiép
tudn theo hai quy tac sau:

Quy tic 1: Mot chuyen tiép dugc goi la tich cuc néu tit cac cac vi tri vao cua nd co s6 token
16n hon hodc bang trong sb ciia cung ndi giira vi tri d6 véi chuyén tiép.

M > Pre(t) 2)

Quy tic 2: Qua trinh thong cua mot chuyen tiép tich cuc Xay ra s€ lay (thém) sb token cua tai

vi tri vao (ra) bang véi trong sd ctia cung ndi giita vi tri (chuyén tiép) do va chuyén tiép (vi tri).
Khi do:

M, = M,_, + Post(t)—Pre(t) = M, + C(t) 3)

- C(t) duoc goi 1a ma trén tién.
Goi M, 1a trang thai dat dugc tir trang thai My sau chudi cac chuyén tiép o = tit;... Khi do:

M, = M,+Co 0>0 4)

Dinh nghia 4: Mot mang Petri thoi gian — chuyén tiép (A transition Timed Petri net - t-TPN)
la mét cap <N,Z> v6i N = <P, T, Pre, Post> va Z la ham voi gia tri la mot s0 thyc khong am, z; tai
mdi chuyén tlep Z: T >R+; zi = Z(ti) duoc goi la thoi gian thong cua chuyén tiép t;.

Quy tic phat trién ctia mang t-TPN gan gidng nhu ctia PN, No chi khac la c6 qua trinh thong
mat khoang thoi gian z;. Theo do, qua trinh thong ctia mét chuyen tiép gdm 3 pha.

1. Khi mét chuyén tlep t tich cuee, qud trinh thong bdt dau.

2. Qud trinh théng dém nguwoc z; thoi gian.

3. Khi két thiic thoi gian z; qud trinh théng két thiic. Liic ndy, cdc token sé dwgc ludn chuyén
theo quy tdc 2 cia dinh nghia 4.

2.2. M6 hinh cac céu tric diéu khién logic bz"mg mang Petri thoi gian chuyén tiép

- Céc tic dpng dwoc gin véi vi tri: Tac dong s& dugc thyc hién khi vi tri ¢6 token hién dién.
Nhu vay, mdi tac vu hoat dong cua hé théng, ta xay dung thanh mét vi tri twong Gng trén so do
mang Petri. Tac vu s€ thuc hién/khong thyc hién tuong ung véi trang thai vi tri do cd/khong cod
token.

- Chuyén tiép cé diéu kign: Mot chuyen tiép s& thong khi nd thda mén diéu kién ba pha &
dinh nghia 5 va théa man diéu kién ngoai gan vao no.

- Céu triic AND: V(n yeu ciu P, = (P AND Pz AND .Py1) thi cac Vl tri P, @én P, s& 1a Vi
tri Vao cua mot chuyen tlep, P.s€lavitrira cua chuyen tlep d6. Khi do, néu tit ca cac P, thda man
quy téc 1 thi P, s& nhan duoc token theo quy tac 2. M6 hinh dugc mo ta 6 Hinh la.

- Ciu triic OR: Vi yéu cau P, = (P; OR P, OR...P,,), thi mdi P; (=l..n-1)s¢ la dau vao
ctia mot chuyén tlep ti. Khi d6, vi tri Py 1a vi tri ra cia tat ca cac chuyén tiép t,. Khi d6, P, s& nhan
token theo quy tic 2 néu mot trong s6 cac P; thda mén quy tic 1. M6 hinh dwoc mé ta & Hinh 1b.

- Céu triic If-Else: Cho cAu trac If — Else dugc mo ta bﬁng doan ma sau

If (T2=true) then
P2

Else
P3



HOI NGH| KHOA HOC VA CONG NGHE TOAN QUOC VE CO KHi LAN THU V - VCME 2018

Véi cau trac ndy, yéu cau diéu kién gin vao chuyén tiép Ts va T4 1a nguoc nhau (T3 =
NOT(T4)). Khi d6 mé hinh mang Petri cho ciu triic nay nhu Hinh 1lc.
- Cédu trisc While — do: cho céu trac While - do dugc mo ta bﬁng doan ma sau:
While (Condition T4=true)

{
Pl
o , oy
Yéu cau diéu kién gan véi chuyén tiép T4 va Tg nguoc nhau. M6 hinh dugc mé ta & Hinh
1d.
- Cdu trisic FOR: Cho cAu triic FOR dugc dinh nghia boi doan ma sau:
For(i=4,i#0)
{
Pl
i=i-1

Khi @6, m6 hinh dugc mo ta ¢ Hinh le.

P2 P3 P1 P2 P3

T3 PO

P P2
T T2
TO - - P2 Ta TO
T0
P4 Pl -
P3
P4

(@) (b) © ™ (d) e

Hinh 1. M5 ta cac cdu tric diéu khién logic bang mang Petri

P1

2.3. Di¢u khién h¢ thong bang mang Petri

Nhu da phén tich ¢ trén, hoat dong cua mang Petri tuong ddi gidng v6i co ché diéu khién
logic. Do do, voi cac hé thong hoat dong theo co ché diéu khién logic, ta co thé str dung mang Petri
dé 1ap trinh, diéu khién. Nguyén Iy ciia didu khién hé théng bang phin mém 1 phan mém s& giao
tiép voi mot bo dicu khién, cac tin hiéu vao/ra cta hé thong s& két ndi voi by diéu khién. Do do,
thyc chat 1a phan mém s& diéu khién /O ciia b diéu khién.

2.3.1. Phan mém PetriNet2MCU

Phan mém PetriNet2MCU dugc sir dung dé thiét ké, mo hinh hoa viée diéu khién cac thiét bi
trong cac hé thong, phong trang thai hoat dong cua hé thdng can lap trinh; Kiém soat hé thong tranh
cho hé thong khi van hanh bi roi vao cac diém chét (deadlock) hoic roi vao tinh huong hoat dong
mat kiém soat (bung nd  trang tha). Pé diéu khién céc tac vu cia hé thong, phan mém cho phép gan
két cac vi tri, chuyen tiép tuong tmg vai cac I/O (input and output) ciia vi diéu khién. Bang cach sir
dung cic dang cau trac AND, OR, NOT, IF...THEN,FOR.. NEXT,... ta c6 thé thuc hién viée lap
trinh logic cho vi diéu khién, trén co sé d6 co thé diéu khién cac hé thong mong mudn.

2.3.2. Bj diéu khién

B0 diéu khién dugc thiét ké sir dung vi diéu khién PICI18F4431. PetriNet2MCU gi cac dit
liu diéu khién dén phan mach vi di€u khién. Mach vi di€u khién 14 mach trung gian nhén dir li¢u
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diéu khién tir mdy tinh dé diéu khién hé thong trong thoi gian thue. Mach duoc thiét ké véi day du
cac chén vao/ra cta PIC. O cac chén ra dugc thiét ké vi mach cong suat dé thuc hién kha nang diéu
khién thiét bi can dong 1on.

2.3.3. Céu triic diéu khién

Hé thong cua ta sir dung vi diéu khién PIC18F4431 (dang DIP-40) dé diéu khién. D& hoi vé
trang thai mot chan nao d6 trén vi diéu khién, ta phai dinh dia chi cho cac chan d6. Mdi géi tin dit
liéu goi cho vi diéu khién co 8 bit, ta danh 6 bit cudi ciia goi tin cho viéc dinh dia chi, 2 bit cudi ta
str dung bit8 = 1 dé bao cho vi diéu khién biét day 1a gbi tin hoi vé trang thai input, bit7 ta khong sur
dung (cho bang 1).

Bits | Bit7 | Bits | Bit5 [ Bi4 | Bit3 | Bi2 | Bitl
1 1 Address

Pau ra cta hé théng ¢ day duoc hiéu 1a mot chan cua vi diéu khién duoc s dung 1a chan
ra (output pin), chan nay dugc ndi voi cac thiét bi can diéu khién (van dién tir, dong co...). Trén
mang Petri, chan nay duoc khai bao trong mot vi tri ndo d6 cua mang ma mdi khi vi tri ndy c6
token, chan nay s€ co6 muec tich cuc cao. Nhu vay, vé mit cu tric cta vi diéu khién, ta ciing s&
¢6 33 chan c6 kha ning lam chin ra. Va ciing dé dé dang quan 1y, ta dinh danh céc chan nay
bang mot dia chi.

Cling tuong tu nhu trén, dé biéu dién hét cac dia chi nay, ta can 6 bit. Do do, ta st dung 6 bit
thap dé dinh dia chi, bit8 = 0 dé bao cho vi diéu khién biét day 1a géi tin cap nhat trang thai hé thong,
bit7 = {1,0} tuy theo trang thai cta vi tri (c6 token thi bit7 = 0, khong c6 token thi bit7 = 1).

Nhur vy cdu tric goi tin nhu sau:

Bit8 | Bit7 |Bit6 | Bit5 | Bit4 | Bit3 | Biz | Bitl
0 0/1 address

Goi dit liéu nay 1 cau tra 10i ciia h¢ thong cho gbi dit liéu hoi vé trang thdi dau vao cia hé
thong dé lam dicu kién thong cho cac chuyén tiép. Goi tin tur hé thong gdi dén phan mém mang
Petri c6 cau tric nhu sau:

Bit8 |Bit7 |Bit6 |Bit5 |Bit4 |Bit3 [Bit2 | Bitl
1 0/1 address

2.3.4. Két qua thuc nghiém

Mb hinh phén loai va lap rap san pham dugc thiét ké, ché tao va diéu khién trong [17].
Hé¢ théng lam nhiém vu gia cong cdc chi tiét c6 mau sic khac nhau trén may phay CNC va tién
hanh lp rap thanh mot san pham H¢ thong ding vi diéu khién PIC18F4431 dé 1am bo diéu
khién trung tdm. Do d6 khi mu6n thay do6i chuong trinh diéu khién ta phai viét lai chwong trinh
diéu khién cho vi diéu khién. Piéu nay dan d¢én muc do linh hoat cua h¢ théng thap Do vay, aé
tang mirc do linh hoat cua h¢ thong, ta sir dung phan mém PetriNet2MCU dé dleu khién hé
thong. PetriNet2MCU s& nhén céc tin hiéu cam bién tir cac thiét bj ngoai vi truyén dén vi diéu
khién va goi tin hiéu diéu khién dén vi diéu khién. Do d0, ta két ndi cac thiét bi ctia hé thong
nhu Hinh 2.
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Cép phéi tw dgng

%ﬂ

Robor 2

Tin hidu ra dién khién cdéc thiét bi

Tire hiéu vae tiv cdm bidn, output sigrial ciia bo diéu Fchién roboty

ettt

Phidin mém diduk lién trén may tinh | OL00 [ep, dien Kitien

Mach diéu khién

[\ [= [[s]s]

ERSONAL CNC

4=

Hinh 2. So d6 két ndi hé théng va PetriNet2MCU

Bang 1. Bang két ndi /O

Cum chire ning Vi diéu khién Cum chire ning Vi diéu khién
PIC18F4431 PIC18F4431
Tén Thiét bj, cong Chan | Céuhinh Tén Thiét bi, Chén | Cau hinh I/O
1/0 ciia thiet bi twong | 1/O trén vi cong I/O tuwong trén vi diéu
ung di€u khién cua thiét bi ng khién
Kho hﬂru Déng co didu bong co RDO Output
tam san ¥ RBO Output
% . | khién £ N
pham do Cap phoi
Kho luu . = ty dong | Cam  bién | RA3 Input
. bong co dieu
tam san Kkhié RB1 Output quang
2 ién
pham xanh
Dor}g co chiéu RB2 Output $IN[10] RA4 Output
thuan
Bang Atal 2 Doqg co chiéu RB3 Output Robot 1 SIN[11] RAS5 Output
chiéu nghich
Cam bién mau $OUT([5] RE1 Input
TCS3200 RAO Input
Co ciu ldp | Xylanh 1 RB4 Output $IN[10] RD2 Output
rap Xy lanh 2 RB5 Output $IN[11] RD3 Output
OUT1 RB6 Input $IN[12] RD4 Output
M4y phay | OUT2 RB7 Chua dung $IN[13] RDS5 Output
CNC IN1 RA1 Output Robot 2 | $IN[14] RE2 Output
IN2 RA2 Chua dung SIN[15] RD1 Output
Mach giao | Tx RC7 Giao tiép $IN[16] REO Output
tiép FT232 | Rx RC6 RS232 $OUT[6] RD6 Input
$OUT([7] RD7 Input

2.3.5. M6 hinh mang Petri diéu khién hé thong

Trén co sé yéu cau hoat dong ctia hé thér}g phai lap rap san phdm mot cach nhanh nhat, ta xdy
dung m6 hinh mang Petri thoi gian mo ta h¢ thong nhu sau:
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cuu khoa hoc\NCKH2016\B._petriNetimophongCIM_3.ptn

Petri Net 2 MCU

Design by Truong Tung
Pham Yan Dong University
VietNam

Place Properies
’F’Si

Max capacity ’17
Inital token [0
Current Token ’0—
[Fnar

Name

Link

Comment

HO
10

HO)
10 d

| ]
Hinh 3. M6 hinh mang Petri hé thong phan loai va lip rap san pham
Cac chire nang cta cac vi tri/chuyén tiép gin voi cac tac vu duge mé ta & Bang 2.
Bang 2. Dinh nghia céac I/O trén mang Petri
Vi diéu khién Vi tri, Vi diéu khién Vi tri, Vi diéu khién Vi tri,
PIC18F4431 chuyén PIC18F4431 chuyén PIC18F4431 chuyén tiép
. P tiép tuwong . . tiép tuwong . . twong ting
Chan | Cau l}mh. ting trén Chan | Cau l}mh. ting trén Chan Cau l}lnh. trén mang
tu”o‘ng 1/9 tren. A mang tu”o‘ng 1/9 tren. A mang tl{’O’ng 1/9 tren. A Petri
ung di€u khién Petri ung | diéu khién Petri ung di€u khién
RBO Output P12 RA1 | Output P3 RD2 Output P15
RBI1 Output P20 RA2 | Chua dung RD3 Output P26
RB2 Output P4 RC7 Giao tiép RD4 Output P13
RB3 Output P27 RC6 | RS232 RD5 Output P11
RAO Input T4 RDO | Output P1 RE2 Output P21
RB4 Output P24 RA3 | Input Tl RD1 Output P22
RBS Output P25 RA4 | Output P2 REO Output P19
RB6 Input T3 RAS | Output RD6 Input T22
RB7 Chua dung REI Input T2 RD7 Input

3. KET LUAN

Bai bao di dé xuit sir dung mang Petri dé mo hinh hoa va diéu khién hé thong san xuét tu
dong. Véi dic trung cia mang Petri phtt hop véi 1ap trinh logic, bai bao da d& nghi cac mo hinh
mang Petri cho cac cdu tric trong 1ap trinh didu khién logic. Phan mém PetriNet2MCU di dugc
tac gia phat trién voi cac chirc ning md hinh héa, didu khién hé thong. Mot mach diéu khién su
dung vi diéu khién PIC18F4431 lam trung gian duoc thiét ké dé nhan/gdi cac lénh véi
PetriNet2MCU. Trén co so ly thuyét vé phat trién trang thai cia mang Petri, cac Iénh diéu khién
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dugc goi dén mach diéu khién dé diéu khién cac thiét bi ciia hé théng twong tmg véi cac trang
thai ciia mang Petri.

Viéc mo hinh héa va diéu khién hé thong san xuat 1a phuong phép diéu khién online, tirc
viée lap trinh va diéu khién dugc thao tac truc tlép tir may tinh, khong can trinh bién dich. Do do,
tinh linh hoat trong viéc thay d6i chuong trinh diéu khién rat cao, dong thoi ciing c6 thé giam sat,
theo ddi hoat dong cua hé thong thong qua viéc phan tich cac trang thai cua mang Petri. Phuong
phép da duoc ung dung vao hé thong san xuét, phan loai va lap rdp san pham tai truong DH
Pham Vin Ddng.

Béng viéc st dung m6 hinh mang Petri, qua trinh lap ké hoach, lap lich cua h¢ théng bﬁng
cac giai thuat toi uu co thé duge sir dung. Cac phuong phap t6i wu héa lap lich hoat dong cho hé
thong bang mang Petri di duoc tac gia nghién ctru trong [18]. Giai thuat duoc trinh bay trong
[18] dang duoc tac gia nghién cru ing dung vao phin mém PetriNet2MCU dé c6 thé ti wu hoa
qua trinh diéu khién hé thong.
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