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Dynamic scheduling of production process of hybrid systems based on
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Abstract: To enhance the ability of hybrid Petri nets in handling the emergence in production process, we define a

new extended Petri net model called the resource distribution hybrid Petri net(RDHPN). The enabling and firing rules of

transitions of the RDHPN are discussed. Combining the simulation model, the event logic net and logic programming

models, we propose the modeling and optimizing method. The application to a typical hybrid system shows that the

proposed formalism is effective in modeling and optimization.

Key words: resource distribution hybrid Petri nets; hybrid systems; dynamic scheduling of production

: 1000−8152(2011)02−0173−06

1 (Introduction)

.

,

. ,

,

,

. ,

,

. ,

. ,
[1∼3] [4, 5] [6, 7]

[8∼12].

,

, ,

;

,

,

, ;

, ,

.

,

. Petri (hybrid petri nets, HPN)

Petri , Petri

Petri ,

. Petri

. ,

,

,

. ,

, Petri

, Petri [13] Petri [14]

Petri (RDHPN)[15] Petri .

Petri

: 2009−06−02; : 2010−01−11.

: (60905009, 60835001); (20093218120015);

(2010A005).



174 28

,

: Petri

;

;

.

, Petri ,

,

.

[15]

,

Petri

. Petri

,

.

Petri ,

.

2 RDHPN [15](Model of RDHPN)
RDHPN 8 :

RAHPN = (P, T, A, WI,WO, h, τ, v),

: P , T , P ∩
T = ∅; A ; WI WO

/ ; h : P ∪ T →{C, D}
( D ) ( C

); τ , v

.

:

1) P = Pd ∪ Pc ∪ Pad ∪ Pac ∪ PE m

, 5 : Pd Pc

Pad Pac

PE( 1 ).

1

Fig. 1 Expression of places

2) T = Td ∪ Tc ∪ Tsn ∪ Tcd ∪ Trd ∪ Trr n

, 6 : Td

Tc Tsn Tcd

Trd Trr( 2 ).

2

Fig. 2 Expression of transitions

: Td = Tl ∪ Ts . Tl

, Ts . Trd Trr

.

3)

WI :

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

Pd × T → N,

Pad × T → {0, 1} ,

Pac × T → {0, 1} ,

PE × T → {0, 1} ,

Pc × T → R
+
0

,

;

WO :

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

Pd × T → N,

Pad × T → {0, 1} ,

Pac × T → {0, 1} ,

PE × T → {0, 1} ,

Pc × T → R
+
0

.

Post , h(P ) = D, Post :
P ∪ T → N

+, h(P ) = C, Post : P ∪ T → R
+.

4) A = {(P × T ) ∪ (T × P )}
, .

:

( 3 ).

3

Fig. 3 Expression of directional arcs

5) τ .

(tj ∈ Tl), δj = τ(tj),

τ(tj) .

λi = τ (ti), 1/λi.

6) v ,

, ti ∈ Tc, v (ti) = vi , 0 � Vi min �
vi � Vi max, . Vi min

Vi max .

RDHPN :

1 RDHPN

m :

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

if type(Pi) = Pd, m → N,

if type(Pi) = Pad, m → {0, 1},
if type(Pi) = PE, m → {0, 1},
if type(Pi) = Pc, m → R

+
0 ,

if type(Pi) = Pac, m → R
+
0

, type(Pi) , m

. ,
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0 1,

. t,

m(t), m(τ0).

pci ∈ Pc Mi min Mi max,

Mi min � mpci
� Mi max

. Mi min Mi max pci

.

2 RDHPN , td,

pd∈ ·td, mpd �WI(pd, td), td
m . tl τ

.

3 Petri ,

tcd, pc ∈ ·tcd, mpc �
WI(pc, tcd), , tcd m

. pc ∈ ·tcd, mpc � WI(pc, tcd),

, tcd m .

tcd .

4 RDHPN , tsn
,

tsn ,

, tsn ,

.

5 RDHPN , trd
, p ∈ ·trd, mp �

WI (p, trd), trd m

.

6 RDHPN , trr
, , p ∈ ·trd, p ∈ ·trr,

trd m , trr
.

7 RDHPN , tc,

pd ∈ ·tc, mpd � WI (pd, tc)

, pc ∈ ·tc, mpc � 0,

tc .

8 pd tc
,

tc ∈ ·pd ∩ pd
·,

pd tc ,

.

9 t , tcj
vj

vj

⎧⎪⎨
⎪⎩

= 0, tcj ,

∈ [Vj min, Vj max] , tcj ,

∈ [
Vj min, V̄j

]
, V̄j � Vj max, tcj .

3 RDHPN
(Simulation model of hybrid production pro-

cess based on RDHPN)
3 : 1)

, ; 2)

, ; 3)

, .

4 , 3 2

( 2 ) 3 1

, 2 .

4

Fig. 4 Typical hybrid production process

,

,

,

.

.

,

RDHPN .

3.1 RDHPN (RDHPN

model of production device)
5 ,

pc1, pc2 pc3 ,

2 , pc2 trd ,

1 2 2.

pc4, pc5, pc6

, pc6 trr ,

2 . αi(i = 1, 2, 3)
, βi(i = 1, 2, 3)

. ,

pac1 .

ts1 ts2,

, pd1

; tsn1 pE1

pd1 .
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5 RDHPN

Fig. 5 RDHPN model of production devices

3.2 RDHPN (RDHPN

model of storing device)
,

, 6

RDHPN . pc , m

, Mmin � m � Mmax,

Mmin , Mmax

, tc1, tc2 tc3 , tc4 tc5
,

,

.

tcd1 tcd2

m , m Mmax

Mmin , tcd1 tcd2 ,

pE1 pE2 .

6 RDHPN

Fig. 6 RDHPN model of storing devices

3.3 RDHPN (RDHPN

model of hybrid production process)
RDHPN ,

Petri

7 .

7 RDHPN

Fig. 7 Emulation model of RDHPN

tac1, tac2 tac3 1,

2 3. pc1, pc2 pc3 1∼3,

. pc5

. pc3 pc4 1 2,

m10 m20,

Mi min(i=1, 2) Mi max(i=1, 2).
trd1 2 1 2 ,

trr1 trr2 ( 2) .
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4 RDHPN (Dynamic sche-

duling based on RDHPN)
4.1 (Logic pro-

gramming models of hybrid production process)

max(
∑
k

αkvk−
∑

m�=2

βmvm−β2−
∑
n

γnvn)Δτ, (1)

: αk , vk

, βm , β2 2

, vm , γn

, vn . Δτ

. 2 ,

, .

RDHPN,

Mmin � m � Mmax.

, :⎧⎪⎨
⎪⎩

Mi min �
∑

tj∈Tce

C(pi, tj)Δτ + mi0(τ)�Mi max,

∀pi ∈ Pc,

(2)

: C(pi, tj) , Tce RDHPN

. mi0, Mi min, Mi max

pi .

, ,

,

Vj min � vj(τ) � Vj max, (3)

: Vj min Vj max ,

. 1 2 3

, :⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

max

(
α6v3−0.5β1v1−β2−0.6β5v3

−γ1v1−γ2v2−γ3v3

)
Δτ,

s.t. M1 min � (v1 − 0.7v3)Δτ � M1 max,

M2 min � (v2 − 0.3v3)Δτ � M2 max.

(4)

1

Table 1 Price of materials and products

1/ 2/ 3/ 1/

( ·m−3) ( ·m−3) ( ·m−3) ( ·m−3)

20 40 20 200

2

Table 3 Upper/lower capacity limit of

storage pot

/m3 /m3

1 60000 2000

2 80000 3000

3

Table 2 Cost coefficient of devices and the

upper/lower limit of instantaneous

speed

/ Vmax/ Vmin/

( ·h−1) (m3·h−1) (m3·h−1)

1 1.2 300 150

2 1.4 350 200

3 2.4 300 200

4.2 (Dynamic schedul-

ing of hybrid production process)
Petri ,

, :

1) , τ = 0 ,

: m10 = 3000, m20 = 3600.

,

, (4)

: ⎧⎪⎪⎨
⎪⎪⎩

V1 min � v1 � V1 max,

V2 min � v2 � V2 max,

V3 min � v3 � V3 max.

(5)

.

2) 2 .

τ = 100 , 2 ,

, , 2 0,

4 , ,

: ⎧⎪⎪⎨
⎪⎪⎩

V1 min � v1 � V1 max,

v2 = 0,

v3 = V3 min.

(6)

2

, Δτ , ,

2 ,

,

. , , Δτ

2 , .

5 (Conclusions)
RDHPN ,

.

, RDHPN

, ,

,
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