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Motivation
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Generalized batches Petri nets could be used as hybrid model with timed event
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Preliminaries

Generalized batches Petri nets

@ : discrete place dj — : discrete transition
@ : continuous place (o2 —| : continuous transition
: batch place ® batch .

Vi, d™*, 5} ) === : batch transition
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Preliminaries

A batch is a group of discrete entities, characterized by three continuous variables
a length, a density and a head position.

ﬁl

ﬁZ

@ A batch ﬁf with d,.k = dm¥,
is called as dense batch.
Transfer speed: V; @ A batch 8 with xf = s;, is
called as output batch.
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Preliminaries

Marking and marking quantity

The marking:
m = 4, my = 0.
m3 = {6%}7/83} = (47 174)'
my = {647:84%}3ﬁ4{ = (27 172)1 ﬁz = (3727 5)
The marking quantity:
n cgl_ 04
3 = _
34—13i d:i-‘,-l2 d2 8.
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Preliminaries

Firing flow vectors

Remark: in an invariant behavior state, both firing flow vectors remain constant
(between timed events).

At 79 = 0, transition t; is enabled
while t; and t3 are not enabled.

The instantaneous firing flow vector
is: (m0) =[200]".

The controlled firing flow vector is:
u(10) = [u1(70) 0 0]T with
0< u1(T0) <2.
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Preliminaries

Steady state and regular marking

In a steady state, the marking quantity of batch place p; is called the steady marking
quantity, denoted as g7 with g7 = ql.f’s + qf’s.

Free ql}antity Free quantity Accumulated
S f,S

a’ q/ quantity q;**

i
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Control Method

Control trajectory

For a cGBPN without discrete nodes:

@ =a(r) = () + C-([ " wo)dpt+ [ uipydpk [ " u(0)dp),

i

where [T+ u'(p) - dp denotes the sum of firing quantity of continuous or batch

transitions during time interval [;_1, 7] and, C- [ u*(p)dp = 0.
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Control Method

Control strategy

Given a cGBPN system (N, mg) and a reachable steady state (m°, ©°).
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Control Method

Control strategy

a; > a4

Initial marking

aj=0 < q*
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Control Method

Algorithm for controlling the transient behavior

Algorithm Computation of control trajectory

Input: A cGBPN (N, mg), a reachable steady state (m®, ¢°) and the steady firing quantity vector z°.
Output: Control trajectory (uo, 70), (ul, 1)y v e

1: q° = p(mg), m® =mg, u® =0,2°=0,7=0i=0

2: while m' # m*® do

3:  Determine Tar(m'), To(m'), Tz(m'), Tz (m'), Pg(m'), PE(m') S;(m'), Sg(m'), Szg(m')

4: Solve the following LPP: max1” - u' s.t.

()0 < uf <o vy eT
(b) 0< u < ij vt € Tz(m') .
(c) uj'- =0 ) vt € TN(mf) U Tz (m')
(d) C(pk,")-u' <0 Vpi € Pe(m')
(e) C(pk;)-u' >0 Vpy € Py(m')
(F) Clpx,)-u" =0 Vp € Szg(m')

)

(8) Post (py, ") -u' < Vi - d™  vp € PB
(h) Pre(py, ) -u' < Vi - d™t vpy € PE

5: Determine all the next timed events from considered ones, select the nearest at time 7;;1

6: Determine the new marking m[+1, the marking quantity vector q"Jrl and the current firing quantity vector
z/'+1

T: i=i+1

8: end while

9: v = ¢°

10: Return (u°, 79), (ut, 1), - - -
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Examples

Example

The initial state is mp =[8 8 0 0]7.

f
5 =qy° =4
q; = 8 with
qi’s =2and q;° =6

Ruotian Liu, Rabah Ammour, Leonardo Brenner, Isabel Demongodin ON/OFF control in batches Petri nets



Examples

Example

At 79 = 0, the marking is mp =[8 8 0 (]7.

Conditions: .
951 (10) = 12> q37° = 4.

The controlled firing flow
vector is u® =[200]7.

t

ta

t3

At 71 = 2, the marking is m* = [4 8 {(2,2,2)} 0].

Events: g1(m1) = g,

q3(m1) = q5.
Conditions:

a5 (r) =8> af* =4

The controlled firing flow
vector is u' =[2 0 0]7.
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Examples

Example

At 7, = 4, the marking is m*> = [0 8 {(4,2,4)} 0]".
Events: qi1(m2) =0,

q3(m2) = 8.
Conditions: .
a5 (m2) = q3° = 4.
poi = Fis_
©, =2 d353=f ®5=1 a5y (n) =8> q,° =2

The controlled firing flow

t Pa. t vector is u?> = [020]7.

At 73 = 6, the marking is m® = [4 4 {(2,2,4)}
{(2,2,2)]7.

t

Events: q1(m3) = ¢3,

a3(m3) = 45
Conditions:

ay(rs) =4>q)° =2.

=1 The controlled firing flow
vector is u3 =[120]7.
4

At 77 = 10, the steady state is reached.

DA 14719
Ruotian Liu, Rabah Ammour, Leonardo Brenner, Isabel Demongodin

ON/OFF control in batches Petri nets



Examples

Example

Control trajectory: (u®,0), (u?,2), (u?,4), (u3,6), (u?,7), (u®,8),(u’9), (u’,10).
@ The delay is 7s = 10 u.t.

@ The number of events is 7.
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Examples

Case study

The initial state is
mo =1[0010 {(3,4,4)} {(25,2,5)} 0]".

Buffer B,

i

The steady state is

m* =[10 0 0 {(4,0.5,4)}
{(5,1,5)} {(2,1,2),(2,4,4)}]",
ps=[42222]".
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Case study

Examples

the initial one within:

Using maximal flow based ON/OFF control strategy, the steady state is reached from
o the delay 7s = 2.5 u.t.

o the number of events 5.

o the delay 7/ =5 u.t.

Using steady flow based ON/OFF control strategy developed in our previous work, the
steady state is reached from initial one within:

@ the number of events 5.

The transient behavior delay is reduced while the number of events is equal.
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Conclusions

Conclusions

We propose a strategy for controlling the transient behavior of a dynamical system
represented by a hybrid formalism, a generalised batches Petri net.

It is based on:

This control strategy, called maximal flow based ON/OFF control strategy, allows the
system to reach a target steady state from an initial state.

@ a pure event driven dynamics,

@ control variables defined on the firing flow of transitions,

@ the maximization of firing flows to their maximal values.
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Conclusions

Thanks for your attention!
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