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W u d  - As automated manufacturing systems become more complex, 
the need for an effective design tool to p d u c e  both high level Discrete 
Event Control System (DECS) and low level implementation, becomes 
increasingly more important Petri nets represent the most effective 
method for both the design and implementation of DECSs. The 
conversion of such Petri nets into ml-time applications has mnt ly  
been greatly simplified through the advent of the Token Passing Logic 
(TPL) methodology. The technique has been developed for normal Petri 
nets, P-timed Petri nets, T-hed Petri nets and Coloured Petri nets. In 
this paper the Petri net concepts are extended to deal with Petri net 
controllers, by including actuators and sensors as formal structures 
within the Petri net controller. The conversion of such a Petri net 
controller inta ladder logic diagrams is also demonstrated by 
considering the control of a component sorting manufacturing system. 

I. INTRODUCTION 

Todate lndustty standard Petri net controllers do not exist, rather 
Programmable Logic Controllers (PLG) dominated the application 
domain In todays modem hctory, PLCs have emerged as the 
mainstay in the execution of automation tasks. Their selection for 
Discrete Event Control tasks is due to their lowcost, 'iuggedness and 
ease of prog"ing. Indeed, the majority of PLCs can be 
programmed in a graphical symbolic language called ladder logc. 
The veT simplicity of the ladder logic propms which makes them 
so transparent is also their greatest downfall. This is because when 
developing complex control systems involving parallel tasks which 
intemct periodically the ladder logic pmgramming language offers 
little in the way of st"l construds to deal with problem. As 
automated rnanuktuting systems become more complex, the need 
for an effective design tool to produce high level Discrete Event 
Control System (DECS) becomes in-& more important. Petri 
nets [ 11 have appeaml as the most promising tool to fhcilitate such 
design work By using Petri net techniques Discrete Event models of 
the manukturing systems can be built which can be used for a 
variety of design studies, including production ratio, deadlock and 
control design. However, Petri net methods have not been used for 
the direct design of PLC programs. This is because until the recent 
advent of Token Passing Logic (TPL) there was no single technique 
to convert Petri nets into a suitable format for implementation on a 
PLC. In- there have been many attempts to produce structured 
methods to mnvert Petri nets into ladder logic, [2], [3], [4], [5],  and 

[6]. Hower  until the advent of the Token Passing Logic (TPL) no 
solution has been provided to cope with the hll complexity of today's 
automation needs. The TPL methodology bridges the gap between 
Petri net analysk and ladder logic. The technique is powrful and yet 
simple to both understand and implement. Momer, the thecnique 
has also been extended to deal with P-timed Petri nets [7], [SI, T- 
timed Petri nets [9], and Coloured Petri nets [lo], [ll]. The TF'L 
methodology has also been developed to embrace statement lists [ 121, 
[ 131 and knowledge based systems [ 141, [ 151. In order to implement 
Petri net designs d m d y  as controllers some additional f w  to 
or- Petri nets have to be defined. This is because Petri nets do 
not have corstmcts to adeqately deal with actuators and 
This deficiency has prompted the advent of a Petri net controller 
(PNC), which extends the ordmary Petri nets to deal with discrete 
event control applications. These extensions involve interfacing the 
Petri net to actuators and sensors. 

The purpose of this paper is to establish a set of additional 
f m  to ordmry Petri nets which facilitate the addition of sensor 
readings at transitions and both the impulse and level control of 
actuators. F~nally, a Petri net controller is described for a component 
sorting manuf%turhg system. 

11. PETRI NET CONTROLLERS 
AND TOKEN PASSING LOGIC 

Orduwy Petri nets do not deal with actuators or sensors. Because 
of this, it is necesary to define a Petri net controller (PNC) which can 
embrace both actuators and sensors within the existing Petri net 
hnework  In a PNC sensors are used at transitions. The presence or 
absence of sensor readings can be used in conjuncton with the 
n o d  Petri net preconditions to enable or fk transitions. In a PNC 
two types of actuation are considemi, namely q u l s e  actions and 
level actions. Actuators can be associated with either places or 
transitions. With these additional features, it is posa'ble to CoIlSttllct 
Discrete Event Control Systems. In order to Wtak the conversion 

methodology can be deployed. 
of a PNC into a ladder logic diagmq the recently introduced TPL 

The prime feature of the TF'L technique is that it ficilitaks the 
direct conversion of any Petri net Controllers into control logic. This 
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is achieved by adopting the Petri net concept of using tokens as the 
main mechanism for controlling the flow of the con@ol logic. Hence, 
each place within the Petri net cormponds to a place within the PNC 
program. The simulated movement of tokens is achieved by 
deploying separate counters at each logic place, whose capacity is 
equal to or greater than 1. These counters are then inmmentd and 
detxmented to simulate token flow. Thus, each logic place within 
the PNC program has an associated cuunter, and the current count 
value of the counter at the logic place represents the number of tokens 
that would be at the corresponding place within the Petri net The 
assignment of a counter to a Petti net place is shown in Fig. l.(a), 
where C stands for counter. Finally, to complete the Petri net synerg~, 
if the counter associated with a place is non-zero and a Petri net We 
transition associated with that place becomes active, then the counter 
at the place is decremented by one, and the subsequent place linked 
by the transition is incremented by one. In the case of single capacity 
places the counters can be replaced by €lags. Token flow is then 
achieved by setting and resetting €lags. The assignment of a flag to a 
Petri net place is also shown in Fig. 1 .@), where F stands for flag. An 
on delay timer can be read@ used to model timed W t i o n s  and 
timed places in PNC method, 

p1 6 CAP(Pl)>= 1 * 
a Petri net place 

with a capacity >= 1 

PI 6 CAP(Pl)= 1 

.)r 
a Petri net place 

with a capacity = 1 

P1 0 c1 
a PNC.place 

with a capacity >= 1 

P1 0 Fl 

aPNC place 
with a capacity = 1 

@> 

Fig l . P e & i ~ p ~ a r d ~ e q u k a l ~ P N C p k  

In essence, the Petri net places are repnxnted by logic places, the 
Petri net tokens are repmented by separate counters at each logic 
place. Moreover, the flow of Petri net tokens is simulated by counhg 
down and counting up the counters or similarly by setting and 
resetting the appropriate flags at the approp&e places. In the PNC, 
actions can either be assigned to places or transitions. Places on 
which actions are assigned are called control places, and transitions 
on which actions are assigned an: called conbol Wt ions .  If an 
action is assigned to a place for a iimte time this corresponds to a P- 
timed Petri net feature. However, if an action is assigned to a 
transition for a fhite time, this cormponds to a T-timeed Petri net 
feature. 

In theory, the methodology can cope with any number of tokens 
and pmide a visual description of the control program which has all 
the advantages of a N1 Petri net analym. Furthermore, coloured 
Petri net controllers can also be c o w e d  into control logic using this 
methodology, S i b  by adding more counters or flags to each place. 

It is believed that this new technique provides a tool which is a 
simple, but sophisticaed way of developing complex Discrete Event 
Control Systems. It is these very features which wdl be vital to the 
success of agile manufkturhg system. 

The Petri Net Controllers are illustrated by considering 
the following Petri net structures: Sensor readings ut U 

transition, level action at a place, impulse action at a place, 
level action at a transition, and impulse action at a 
transition. 

A.  Sensor Readings at a Transition 

A standard transition with sensor readings is shown in 
Fig. 2. In Petri net theory, a transition can only be fired if the 
number of tokens at the input place is non zero and a signal 
enabling the transition occurs[l]. In a PNC an enabling arc 
can be used as an additional pre-condition to the Petri net 
such that if the logic for a sensor reading is high then the 
pre-condition is satisfied. Similarly, an inhibitor arc can be 
used as an additional pre-condition to the Petri net such that 
if the logic for a sensor reading is low then the pre-condition 
is satisfied. The transition is fired when all the pre- 
conditions are satisfied, and one or more pre-conditions 
undergoes a change in logic state. This is shown at the 
instances a, b, c, d in Fig. 3 .  Enabling arcs from sensors can 
fire transitions when the state of the sensor goes from low to 
high ( leading edge - f ), {instance a and b} .  Inhibitor arcs 
from sensors can fire transitions when the state of the sensor 
goes from high to low ( trailing edge - .1 ), {instance c}.  If 
the pre-conditions from the sensor readings are already 
satisfied and a token enters an input place which previously 
had no tokens, the presence of the token will also fire the 
transition (leading edge - t ), {instance d}. In the TPL 
method, when a transition is fired, it withdraws a token from 
the current logic place and adds a token to the next logic 
place. 

This is achieved by using a counter at each place to 
represent the tokens. When a transition is fired, to simulate 
the passing of a token the input counter is decremented and 
the output counter is incremented by one. The ladder Logic 
program for the standard transition with sensor readings 
shown in Fig. 2 is given in Fig. 4. 

P1 0 c1 

P 2 0  c2 

Fig. 2. Sensor readings on a transition in a PNC. 
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B. Level Action at a Place 

In a PNC, actions can be assigned to places called control 
places. If there is a condition on the output transition, then 
the action is called level action because when a token is 
deposited in a control place, actions are enabled up to the 
moment when the token is removed from the place. Fig. 5.(a) 
shows the Petri net place P2 on which a level action is 
assigned. A level action at a given place within a Petri net 
occurs only if the number of token at the place is non-zero. 
Fig. 5.p) shows a PNC place P2 on which a level action is 
assigned. In a PNC, a level action at a place is controlled by 
the counter or flag at the place. If the count value of a 
counter at the control place is greater than zero or the related 
flag is set then any actions associated with the place are 
enabled. The firing of the Petri net shown in Fig. 5.(a) is 
given in Fig. 6. Also, the ladder logic diagram for the PNC 
shown in Fig. 5.m) is given in Fig. 7. 

Trl 

Tr2 Tr2 

Occurence of f i  condition 
for transition Trl 
Occurence of fling condition 
for tramition T R  i 
F q  of Trl I 

Fu7ng of TR I 
1 Level achon(s) _ _ _ _ _ _  

Fig 6. Fhing ofthe Pebi net shown m Fig 5.(a) 

Fig 7. Ladder logic chagram forthe PNC shown m Fig 5.(b). 

C. Impulse Action at a Place 

If there is no condition on the output transition from the 
control place, then a token will only remain in the place for a 
very short time ( t ). The action assigned to this control place 
is then called an impulse action. In this case, when a token is 
deposited in a control place the actions are enabled and 
immediately disabled as the token is removed from the place, 
hence creating an impulse action. Fig. &(a) shows the Petri 
net place P2 on which an impulse action is assigned. An 
impulse action at a given place within a Petri net occurs only 
if the number of token at the place is non-zero. Fig. 8.m) 
shows a PNC place P2 on which an impulse action is 
assigned. In a PNC, an impulse action at a place is controlled 
by the counter or flag at the place. If the count value of a 
counter at the control place is greater than zero or the related 
flag is set then any actions associated with the place are 
enabled. The firing of the Petri net shown in Fig. &(a) is 
given in Fig. 9. Also, the ladder logic diagram for the PNC 
shown in Fig. 8.m) is given in Fig. 10. 

p3 6 F3 p3 6 
(a) (b) 

Fg 5. (a). Level ador(s) asdgned on a place m Pebi nets. 
(b). Level adiotl(s) amgned on a a " l  place m a F'NC. 
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P1 Q 
Tr 1 '7 
E @=I Action@) I 

Fg 8. (a). Impulse acti*s) assigned on a place in Pebi net. 
(b). Impulse &a+) assigned on a c " l  place m a PNC. 

Number of 
tokens in P2 
Number of 
tokens in P3 

Occurence of f q  condition 
for m i t i o n  Trl 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

~ ~ " c e  off* 00"dition _ _ _ _ _ _  _ _  -! _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _  

I 
Firing of Tr2 I 
Impulse action(s) I 

for transition TrZ 

Firing of Trl 

Fig 9. Firing offhe Pehi rxt d" m Fig 8.(a). 

D. Level Action at a Transition 

When considering a level action, it is important to realise 
that two signals are required to trigger the level action, one 
signal to enable the action and one signal to disable the 
action. This requirement for two signals is easily achieved at 
a level action at a place as shown in Fig. 5.p). However, in 
the case of a level action at a transition this can not be 
achieved, unless a hierarchical transition is deployed. 

The transition Trl  shown in Fig. 1 l . p )  is a hierarchical 
transition. There are two conditions for the transition Trl .  
The first one is an enabling event (Trl,) which is used to 
enable the action(s). The second condition for transition Trl 
is a disabling event (Tr12d) which is used to disable the 
action(s). When the firing condition Tr12, occurs, the 
number of tokens at the input place P1 is decremented by 1 
and the number of tokens at the hidden place within the 
hierarchical transition Trl  is incremented by 1. A level 
action at a hierarchical transition within a Petri net occurs 
only if the number of token at the place in the hierarchical 
transition is non-zero. When the firing condition Tr12d 
occurs, the number of tokens at the hidden place is 
decremented by 1 and the number of tokens at the output 
place P2 is incremented by 1. To achieve these effects in a 
PNC, a counter has to be assigned to the transition. When 
Tr12, occurs, flag F1 associated with place P1 is reset and 
counter C12 is incremented by 1. Hence, when the count 
value of C12 is non-zero it enables the related actions. When 
Tr12d occurs, counter C12 is decremented and counter C2 
associated with place P2 is incremented by 1. It is evident 
that this hierarchical transition arrangement is required since 
there is no such feature in ordinary Petri nets. During the 
time between the conditions enabling event Tr12, and 
disabling event Tr12d, action(s) will be enabled. The firing 
of the Petri net shown in Fig. 1 l.(a) is given in Fig. 12. Also, 
the ladder logic diagram for the Petri net shown in Fig. 
ll.(b) is given in Fig. 13. 

Trle 4 
Aetion(s) Trl Action(s) I tl 

Trle 4 
Trl f, L- :T&+ 

P2 A 

Fg 11. (a). Level ac t ids )  assigned on atratsition m Pehi netc 
(b). Level adds )  assigned on a cordrol trarsiGon m a PNC. 

Number of 1 
tokem in PI 

Number of 
tokens in P2 

Occurence offing condition 
Trl e for bansition 'Iri 

- - _ _ - - - _ 

- 
Occurence of fmng condibon 
Trl d for hamilbon Trl - 
FihgofTrl .--------- 

1 - - - - - - _ Level action(s) 

Fig. 12. FiingofthePebinetshwmFig. ll.(a). 
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Fig 13.Ladderlogicd1ag1amfor13lePNCshowmFig 11.@). 

S1 & (not S2) 

E. Impulse Action at a Transition 

Part A 

In a PNC, impulse actions can be assigned to the 
transitions. In this case, the actions are impulse actions 
because the action associated with transition is carried out as 
the transition is fired. Fig. 14.(a) shows the Petri net 
transition Trl  on which an impulse action is assigned. If 
there is a token in place P1 and the firing condition for 
transition Trl  occurs then a token is removed from place P1 
and put in place P2. The impulse action at a transition Trl 
occurs only as the transition is fired. Fig. 14@) shows the 
PNC transition Trl  on which an impulse action is assigned. 
In the PNC, impulse actions are carried out when the input 
flag F1 is reset and the output flag F2 is set. In the case of 
counters this corresponds to counting down and counting up 
the counters. The firing of the Petri net shown in Fig. 14.(a) 
is given in Fig. 15. Also, the ladder logic diagram for the 
PNC shown in Fig. 14.(b) is given in Fig. 16. 

Tr p1 1 Aetion(s1 

Q 
Tr 1 Action@) 1 I I 

p2 0 
Fg 14. (a). lntpulse adion(s) mi& on a transition m Petri netr 
@). Inpxllse actiMs) arrigned on a cordrol ma F’NC. 

FuvlgofTrl d 
Impulse action@) I 

Fig 15.FiringofthePebinetshwmFig 14.(a). 

111. MANUFACTURING SYSTEM EXAMPLE 

The Manufacturing System, shown in Fig. 17, represents 
a component sorting processes that can be controlled by 
virtually any PLC. 

The conveyor is driven by the conveyor motor A1 
(Actuator 1). A random selection of part A and part B are 
placed on the conveyor. The part As and part Bs need to be 
identified and separated. This is done by two sensors, a 
proximity sensor S1 (Sensor 1) and an infra-red reflective 
sensor S2 (Sensor 2). By using these two sensors a 
distinction can be made between the part As and part Bs. By 
means of the sort solenoid A2 (Actuator 2), part As can be 
ejected into Storage I. Part Bs, meanwhile, continue on the 
conveyor and are deflected into Storage 11. An infra-red 
emitteddetector S 3  (Sensor 3 )  is used to determine whether 
or not there is a component in front of the sort solenoid A2. 
If sensor S 3  is active, the sort solenoid A2 can be used to 
eject either a part A or part B into Storage I. If no action is 
taken the component is carried into Storage I1 by the 
conveyor. In Table 1 sensor readings are explained. 

Storage I 
for Part A 

U 
4 Mixed part? 1 

( A a n d B )  - 
I I 

Storage I1 1 ‘I\ forPartB 

e : Part A Conwyor belt Sort solenoid 

: Part B 

Fig. 17. Manufacturing system. 

TABLE I 
Sensor readings 1 Interpretations I 

I s3 I Part A or Part B I 
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IV. PETRI NET CONTROLLER 
FOR THE MANUFACTURING SYSTEM 

A Petri Net Controller (PNC) for the manufacturing 
system is given in Fig. 17. The controller design is achieved 
by using a Petri net model of the manufacturing system. A 
queue structure is deployed for the two types of part by places 
P1, ... P8, where places P1, P3, P5, P7 are used to construct a 
queue for part As and places P2, P4, P6, P8 are used to 
construct a queue for part Bs. Note that inhibitor arcs at 
transitions Tr3, ..., Tr8 construct a queue for both part types. 
In the controller part As need to be put into Storage I and 
also part Bs need to be put into Storage 11. This is achieved 
by using places P9 and P10. After this is done the sensor 
readings are added to the PNC. The distinction between part 
As and part Bs is achieved by using sensor SI-1 and sensor 
SI-2, at Trl  and Tr2. Sensor reading SI-3 is used at Tr7 and 
Tr8 to detect presence of a component and at Tr9 and TrlO 
to detect the absence of the component. Finally, the conveyor 
motor action is assigned to place P11 and the sort solenoid 
action is assinged to transition Tr9. Once, the PNC has been 
designed, flags and counters are then assigned to the places 
as shown in Table 11. 

PI0  
CIO ." 

Fa 
F2 F4 F6 

Fig. 18. Petri Net Controller for the manufacturing system. 

TABLE I1 
PNC I Places I Intemretation 1 i c o m [ ~ ; ~  :: 1 

first lace of conve or belt for art A 
first lace of conve or belt for art B 
second lace of conve or belt for art A 

P8 
~9 

I fourth place of conveyor belt for part B 
I Dlace for Dart AS in storage I 

P10 
PI 1 

I p lace for part Bs in storage I1 
I Conveyor motor is off 

[ ~ 1 2  1 Conveyor motor is on 

V. LADDER LOGIC DIAGRAM 
FOR THE PETRI NET CONTROLLER 

The ladder logic diagram, shown in Fig. 19, is obtained 
for the Petri Net Controller given in Fig. 18. The LLD is 
achieved by using direct mapping form PNC to LLDs. The 
ladder logic symbols are defined in Table 111. The ladder 
logic program has been structured in such a way that rung 0 
initialises the system, rungs 1 to 10 represent the transitions 
Trl  to TrlO respectively. Finally, rung 11 represents level 
action A1 (conveyor motor operation) at the place PO and 
rung 12 represents level action A2 (sort solenoid operation) 
at the transition Tr9. By adopting this concept further clarity 
can be added to the system documentation. 

9, F7 

10 F8 SI 3 

Fig. 19. LLD forthe PNC. 
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TABLE JJI 
LLD Symbols I Definition 

F I Flap 
C 
SI 
A 

Counter 
Sensor input 
Action fOufDut) 

VI. CONCLUSIONS 

As automated manufhcturing systems become more complex, the 
need for an effective design tool to produce both high level Discrete 
Event Control System (DECS) and low level implementatioq 
becomes incxasingly more important. Petri nets repment the mast 
effective method for both the design and implementation of DECSs. 
The conversion of such Petri nets into real-time applications has 
recently been greatly simplitied through the advent of the Token 
Passing hg ic  (TFL) methodology. The technique has been 
developed for n o d  Petri nets, P-timed Petri nets, T-timed Petri 
nets and Coloured Petri nets. In this paper the Petri net concepts have 
been extended to deal with Petri net controllers, by including 
actuators and sensors as formal struchm within the Petri net 
controller. The conversion of such a Petri net controller into ladder 
logic diagrams has also been demonstrated by considering the control 
of a component sorting manufhcturing system. 
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