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Abstract This paper presents an automatic planning method for pipe-line systems 
under complex logic control rules based on Petri nets. Petri nets are usually modeled 
manually, which can lead to incomplete models of complex logic control systems. To 
address this issue, we extend the planning domain definition language (PDDL), which 
can be automatically translated into Petri nets. For complex logic control pipe-line 
systems, given a set of tasks, it is difficult to quickly formulate the process execution 
sequence through manual calculation. This paper designs an automatic pipe-line 
system planning method based on Petri nets, which can accurately generate Petri 
nets model and process execution sequences. The beer filtration system is taken as 
an example to illustrate the method. 
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1 Introduction 

In the chemical industry, pipe-line systems are essential [1]. However, it is chal-
lenging to model and control these systems with numerous valves in the factory. 
Additionally, control requirements must be modified dynamically and quickly when 
transportation tasks change or equipment is damaged. Traditional methods rely on 
trial-and-error experiments to derive systems models and control diagrams, which 
can be error-prone and time-consuming. Therefore, researching a reliable method for 
automatically generating valves models and planning valves controls is crucial for 
the efficient operation of pipe-line transportation system. Petri nets are mathematical 
modeling tools for discrete event systems. They can graphically represent concur-
rency, asynchrony, distribution, parallelism, uncertainty, or randomness. Petri nets are 
a mathematical tool used to establish state equations representing dynamic behavior 
[2, 3]. They deduce unknown state information and display dynamic behavior in 
graphical form. Petri nets are a modeling tool primarily used in computer science, 
automation, and mechanical engineering [4–7]. 

The pipe-line system is driven by events such as valves openings or closings, 
making them amenable to modeling with Petri nets. However, creating a Petri nets 
model of a pipe-line systems is still challenging. Current modeling approaches often 
involve modular modeling [8, 9], which is still a manual process. Researchers divide 
the pipe-line system into multiple operations controlled by valves and create a Petri 
nets model for each operation. They analyze the relationships between the operations 
and then connect each operation to the Petri nets through shared places or transitions. 
However, this approach heavily relies on the researchers’ understanding of Petri nets 
and requires abstraction of the actual system into places and transitions in the Petri 
nets. Therefore, it is necessary to find a suitable way to ensure the integrity of the 
Petri nets. 

The planning domain definition language (PDDL) is a kind of used to describe the 
computer automation planning problem of formal languages [10]. PDDL is often used 
to describe the domain of a planning problem (such as robot navigation, resource 
scheduling, and so on), including information about the actions, states, and goals 
available in the domain. 

This paper presents an automatic planning method for pipe-line system based 
on Petri nets, taking a beer filter pipe-line systems as an example. Firstly, PDDL 
describes the system, and the content of the description is analyzed to design an 
automatic planning modeling algorithm to convert it into a Petri nets. Then, the 
operation of the control valves is complex, and the Petri nets model is used to design 
the automatic planning algorithm of the valves operation. When the given task, the 
valves operation sequence of the system can be quickly calculated by using the 
algorithm. Finally, we make various simulation experiments, and the results show 
that the automatic planning method can ensure the integrity of the model and the 
feasibility of the systems.
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The structure of this paper is as follows: Section II here is not presents basic 
concepts about ordinary Petri nets and PDDL and modern-day the syntax of PDDL, 
Section III describes the problem of pipe-line transportation systems. Section IV, 
automatic planning by PDDL and Petri nets. Section V concludes this work. 

2 Problem Statement 

The pipe-line system is controlled through a set of valves that transfer fluid from 
one tank to another tank. In order to make the article more readable, such as the 
implementation example 1, beer filtration equipment is used to illustrate the proposed 
concepts and methods. 

Example 1. The beer filter device completes filling, filtering, bottling, cleaning, 
and other tasks, as shown in Fig. 1. It consists of a feedstock tank Ts, three filters 
MMS1, MMS2, and MMS3, two buffer tanks T1 and T2, a washer CIP supply and 
collection system, and 20 double disk plug valves v1 … v20 [11]. Notice that each 
valve can be switched to either OPEN or CLOSE position. When the valve is opened, 
the fluid in the vertical and horizontal pipe-line under its control mixes and then flows 
out through all outlet pipes, while the fluid in the vertical and horizontal pipes flows 
separately when the valve is CLOSE. There are 12 operations o1, o2, o3, o4, o5 … o12 
in this plant, which are summarized in Table 1. o1 … o7 is the operation that controls 
the valve beer filtration, buffering, and filling, and o8 … o12 is the operation that 
controls the valve for cleaning the filter and buffer tank. Filters MMS1, MMS2, and 
MMS3 need to be cleaned after being used once, twice, and three times, respectively; 
Tank T1 and T2 need to be cleaned after being used twice, and the cleaning time is 
2 min each time. In addition, since beer and cleaners are not allowed to mix in this 
system, the barrier between the two materials should always remain intact.

Relationships between tasks are complex because they can share and compete for 
resources. This prompted us to construct a PN model, which described the control 
instructions of these valves through PDDL and converted them into Petri nets, so as to 
ensure the integrity of the model. The operation of the valve is also complicated, and 
it is difficult to calculate the operation instructions manually. Therefore, an algorithm 
needs to be built to automatically calculate the operation instructions.
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Fig. 1 Process flow diagram of a beer filtration plant 

Table 1 Production operations of the beer filtration plant 

Operations Open valves Closed valves Tanks Time 

o1 v2, v3 v8, v9, v12, v1 T1 4 s  

o2 v12, v3 v8, v9, v3, v11 T1 4 s  

o3 v3, v4 v8, v9, v7, v10, v1, v2 T1, T2, M1 4 s  

o4 v13, v14 v8, v9, v7, v10, v11, v12, v3, v4 T1, T2, M2 4 s  

o5 v18, v19 v8, v9, v7, v10, v3, v4, v13, v14, v17 T1, T2, M3 4 s  

o6 v4, v5 v7, v10, v1, v6 T2 4 s  

o7 v14, v15 v7, v10, v11, v16, v5, v4 T2 4 s  

o8 v8, v9 v3, v13, v10, v7 T1 2 min  

o9 v7, v10 v4, v14 T2 2 min  

o10 v1, v6 v2, v3, v4, v5, v7, v8, v11, v17 M1 2 min  

o11 v11, v16 v12, v13, v14, v15, v7, v8, v17 M2 2 min  

o12 v17, v20 v18, v19, v7, v8 M3 2 min

3 Automatic Planning by PDDL and Petri Nets 

Currently PDDL is sufficient to describe the system to be modeled, but it generates 
a large amount of redundant data when modeling a pipe-line system. For example, 
when n tasks or device usage is encountered, n objects are generated during modeling. 
The extension of PDDL to n tasks is accomplished by designing a singleton type, and



Automatic Planning Method of Pipe-Line Systems by Petri Nets 527

g(x) can be converted to places [12]. So this paper extends the device usage times of 
PDDL, we define the count type C = (T, L) to be a binary type, and the predicate is 
not used to describe the state. T represents the number of times the object position 
is used and is a positive integer. L represents the position of the object and is a 
positive integer. T is converted to a Petri net position token, representing the number 
of times an object of this type has been used, and L is also converted to a Petri 
net position, representing the position of the object type. The conversion function is 
denoted as f(x). Li [12] designed the function h(x) that converts predicates to places 
and its action to places and the transition function k(x, y, z). Algorithm 1 is further 
improved on these bases. By placing the PDDL description file of the system into 
Algorithm 1, Petri net model and valve operation sequence can be automatically 
generated. Firstly, initialize C+, C−, m0, mg, T, F, and O to be empty; secondly, 
we traverse singleton types, degree types, and predicates, respectively, to generate 
places; thirdly, go through each action and create places, transitions, and two arcs. 
And then assembled into Petri nets; fourthly, insert the weight of the directed arc (F) 
of P pointing to T into C+, and the weight of the directed arc (F) of pointing to P 
into C−; finally, the idea of depth-first search is used to find the valve operation and 
output the valves operation sequences. 

Algorithm 1 Automatic planning by PDDL and Petri nets 

Input: Entity actions set A, initial states set I, goal states set G, singleton set S, count set C, 
predicates set P, and object set O; 
Output: Sequence of operation set O; 

1: Initialize C+ ← {}, C− ← {}, m0 ← {}, mg ← {}, T ← {}, F ← {}, O ← {}, P ← {}; 
2: for all c in C  do 
3: Create a place p, Mc(p) ← f (c), and P ← P ∪ { p};  
4: end for 

5: for all s in S  do 
6: Create a place p, Mc(p) ← g(s), and P ← P ∪ { p};  
7: end for 
8: for all obj in O do 
9: for all p in P do 

10: Create a place p, Mc(p) ← h(p), and P ← P ∪ { p};  
11: end for 
12: end for 
13: for all a in A do 
14: Create a place p, create two transition ti, to, and create two directed arc f i, f o; 
15: f i is from ti point to p, f o is from p point to to; 
16: Calculate p, ti, to, f i, f o into k(x,y,z); 
17: P ← P ∪ { p},  T  ← T ∪ { ti, to}, and F ← F ∪ { f i, f o}; 
18: end for 
19: P, T, F ∈ PN

(continued)
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(continued)

20: Insert the weight of the directed arc (F) of  P pointing to T into C+, and the weight of the 
directed arc (F) of T pointing to  P into C−; 

21: for all i in I do 
22: Insert i into mo; 
23: end for 
24: for all g in G do 
25: Insert g into mg; 
26: end for 
27: list ← m0; 
28: if mk = =  mg then 
29: Insert mk in list; 
30: Execution order of places is determined by the post-set places from transitions, which 

are placed into P; 
31: for all o in seek the place of mark a in P do 
32: o insert into O; 
33: end for 
34: Output O; 
35: else 
36: Calculate the sum of transition sets of enabled state under mk state: Ek = { t ∈ T | mk ≥ C 

− (. , t);  
37: if Ek = ∅  then 
38: Exit with failure; 
39: end if 
40: for all each transition t in Petri nets do 
41: if t in Ek then 
42: Fire t to generate a new state mk+1,and return to step 33; 
43: end if 
44: end for 
45: end if 

4 Conclusion 

Describe each operation in the beer filtration system using PDDL and improved 
PDDL, and convert them into Petri nets for display, as shown in Fig. 2. When the 
processing plant has a task, it can automatically calculate the operation sequence of 
the control valves through the automatic planning method. When there are three tasks, 
the order of operation can be calculated automatically through algorithm calculation, 
and Gantt chart can be listed through operation sequence, as shown in Fig. 3.
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Fig. 2 The process flow diagram of a beer filtration plant
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