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Main Ideas
For this assignment, the paper titled Modelling and analysis of traffic light control systems was read. The authors presented how to craft a traffic light control system using Timed Coloured Petri Nets (TCPN). They first briefly introduce the basic explanations of TCPN that are related to the model, then present the traffic intersection control system. The authors further showed how to model the system and finally drew some conclusions. These topics introduced in the article were presented to be useful for establishing how to execute the signal control logic for controlling traffic light systems using timed strategies. The article basically offered the element of simple traffic light system prototype that can help in crafting the extended simulations. Using the active movement of the traffic lights structure, Huang and Su derived the related TCPN model by examining the signal timing schedule of the traffic structures. The proposed approach has one advantage, which is the distinct demonstration of the behavior of the system and inclination for execution. In summary, the article has three contributions. One is how to employ TCPN to craft a traffic light of an inner-city network, and also the use of TCPN to city traffic control; second is the fundamental analysis of TCPN models; and lastly is the successfull conversion of TCPN model by traffic systems having signal timing schedule. The examples provided are very helpful in obtaining a TCPN prototype for a compound city-based traffic light structure. Huang and Su assume that further research with TCPN to design traffic light systems is significant in this area due to the rising demands in several aspects of the traffic light schemes.
In what follows, the concepts of that article are extended with new examples, and different applications. However, the first example should have been the development of a control of Public Bicycle-Sharing Systems (PBSS). PBS is presently existent in several large cities internationally. In this example, a PBSS is modelled using PNs with current state reliant weights. The main objective of this example is to present the info contained in Petri Nets Models for Analysis and Control of Public Bicycle-Sharing Systems. The next example is the use of Petri net in modeling a pedestrian crossing at signalized crossings. The event series flow for this structure is mined from the observation of the site in a series. The observation will provide analysis of qualitative data correlated to human and vehicle flow, site characteristics, and signal timing. The sequence of events just before a pedestrian accident in this prototype provides an awareness of exposure to risk in the pedestrian crossing situation.

Example 1 Public Bicycle-Sharing Systems
In its simplest state, a PN is described as a specific two-part fixed graph having  arcs, changeovers, and places. The input arcs connects a place with a changeover, while the output arcs connect a changeover to a place in the structure. A positive weightiness can be allocated to every single arc. Also, a place may have tokens as well as the markings of the crafted system that is indicated by the figure of tokens in every place. Every changeover often crafts an action whose manifestation is exemplified by its firing. Firing a changeover is only possible if it is enabled, meaning that all prerequisites for the matching action are met. However, since tokens are detached from their input places they should be placed at their output places when the transition is fired. The amount of tokens transferred is decided by the weightness of the arc that connects the changeover with the conforming place. In a graph, places are denoted by circles, tokens by dots, and transitions by thin triangles or bars (Hamidun, Ishak & Endut, 2014).

Correctly, a PN is described as PN = (P, T, Pré, Post, Inhib, M0), whereby: P = {p1, p2, …, pn} is a fixed and occupied set of places; T = {t1, t2, …, tm} is a fixed and occupied set of changeovers; Pre: (P(T)( N is an input command that describes directed weighted arcs from places to changeovers, whereby N is s set of nonnegative figures; Post: (P(T)( N is an output command which describes directed weighted arcs from changeovers to places; Inhibitor: (P(T)( N is an inhibitor that commands inhibitor arcs; from places to changeovers; and M0 is referred to as Initial marking. A place that connects a changeover by an arc is known as an inhibitor, output, and input place subject to the type of the arc. Therefore, the behavioral pattern of several structures should be defined based on the states of the systems as well as their changes. To mimic the dynamic conduct of a structure, a marking or state in a PN is altered according to certain changeover rules.  
Changeover firing in a PN prototype agrees with the happening of proceedings that transforms the state of the crafted structure. This transformation can be attributed to the conclusion of some activities, and the substantiation of a reasonable situation in the structure. Because changeovers are mostly used to craft activities, changeovers permitting durations relate to activity implementations, and changeover firings relate to conclusion of activity. Therefore, stochastic or deterministic sequential stipulations can be related logically with transitions.    
On top of the time concept and the addition of inhibitor arcs that are not provided in the initial description of PN, the crafting of the intricate active component of a PBS structure needs the use of PN prototypes with “adjustable arc weights depending on present state” and conceivably on some choice considerations of the structure. This particular crafting theory is brought in for modeling inventory the supply chains control systems. Accurately, the PN prototype of an inventory regulator system with its inventory refill resolution is based on the stock inventory position and the recorder, as well as order-up-to-level constraints. Correspondingly, in the situation of a PBS structure, the redeployment process of the bicycles between one location to another relies on the amount of the bicycles present in every location when measured (Hamidun, Ishak & Endut, 2014).

By permitting the weightiness of some arcs of a PN to rely on its current state, regulatory strategies of the locations can be effortlessly defined in the bicycle service structure. Consequently, it is considered that for each arc, its weight is then described as a lined task of the marking with numeral factors, and the weight is presumed to assume a non-negative figure. To comprehend the calculated spontaneous sense of this concept, the PN shown in Figure 1 below is considered.     
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(Hamidun, Ishak & Endut, 2014)
Figure 1. PN with variable arc weights depending on its marking
The PN Model
For clarity purposes, we deliberate on a PBS structure prototype with only three stations, and craft the system as displayed in Figure 2. The description of the components  and variables of the PN structure are provided in the following tables.
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PS. [Represents a station . Its marking M(PS:) correspond to the number of
Iicycles available in the station 5.

PR |Represents a redistribution vehicle used to regulate the stations. 1ts marking
|M(PR) correspond to the number of bicycles available in this redistribution
|vehicle when the station s visited in order to be controlled.

PO [Specify whether the number of bicycles in a station Sis greater than the
Jreorder point Ry Itis indicated when M(PO) =

PG/ [Speciy the end of the control of a station S by the redistribution vehice,

|M(PC) = 1 means that the control of the station S:is completed and indicates

[that the redistribution vehicle is liberated to go to the next station.





 (Hamidun, Ishak & Endut, 2014 )

Table 1. Interpretation of places of the PN model
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TR, [Test and add (if necessary) bicycles into a station S.

O, [Testif the number of bicycles available in a station S is greater than the
Jreorder point R..

TS, [Remove bicycles from a station S/if the number of bicycles available in this
station is judged less than the reorder point Ri

TE[Testif the number of bicycles available in a station S i equal to the reorder
[point R




 (Hamidun, Ishak & Endut, 2014).

Table 2. Interpretation of transitions of the PN model

[image: image4.png]Parameter Interpretation
R |Reorder point fixed for each station 5. It s the minimum level of available
Iicycles in the station S: when a decision should be made to adding or
removing bicycles into (from) the station (redistribution of bicycles between
stations)
i |Capacity of cach station S, More precisely, Crcorresponds to the maximal

[oumber of bicycle stands in a station 5.




 (Hamidun, Ishak & Endut, 2014 ).

Table 3. Decision parameters of the PN model
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( Hamidun, Ishak & Endut, 2014 )

Figure 2. The PN model of a self-service public bicycle system (with three stations)

Example 2 Pedestrian Crossing Scenario Model
The research was done to discern the situation of pedestrian crossing at signaled crossings. The entire set-up and its relations with other aspects are described as a system in the process of an accident.
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( Labadi et al., 2012).

Fig. 3. Pedestrian crossing scenario modelling stage

The figure shows the method of crafting a pedestrian crossing set-up. For this study, different crossings were observed. The responses were captured using a video recorder. The event series of pedestrian intersection were organized in a PN using the basics of arcs, changeovers, and places. The pictured mimic through prototype simulation will detect if the prototypical conforms with the qualitative measure of Petri nets. The concept of Petri net was adopted to craft the dynamic behavior of coordinated event just before pedestrian accident. The Extended Deterministic Stochastic Petri Nets (EDSPNs) were employed to craft pedestrian crossing set up. All markings in the PNs structure denoted the situation with some variables with the time lapse. The basic features in the PN were used:
· Places (P) denotes the condition or state of the vehicle or pedestrian in the structure. 
· Transition (T) represents the activities or events in the structure with time consideration, and are classified into stochastic, exponential, and deterministic

· Arcs describe the form of relationship between Ts and Ps.

· Tokens denote the flow of the agents in the traffic occasion. They also designate the matching condition or state holds.

The type of arc, changeover, and place representation used in the EDSPN are given in Table 4, and each hold different tasks in the prototype structure.
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 (Labadi et al., 2012).

Table 4. Basic symbols of arcs, changeovers, places
The order of proceedings in the process of pedestrian accident is illustrated in Figure 4. The progression describes the flow of the vehicle and pedestrian across the three regions. WZ (waiting zone) is the part where pedestrians wait for the signal to cross the road. Their right of way is assigned when the pedestrian traffic signal displays the green man. The interaction zone is the impending region to the stop line at a signalized crossing. The interface of pedestrian and vehicle at a signalized crossing commences at this part. The CZ (conflict zone) is the exact place where vehicle and pedestrian may collide.
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 (Labadi et al., 2012).

Figure 4. Pedestrian accident process at signalised intersection     
PN Model For Pedestrian Crossing Scenario
From my view, the observation of the crafted PN prototype denotes a situation of pedestrian crossing occurrence at a signalized crossing shown in Figure 4. This structure has three primary features: traffic signal control, vehicle movement, and pedestrian movement. The first happening in pedestrian flow is ped enter WZ, which puts the state of pedestrian in WZ depicted by ped in WZ place. The changeover labeled with ped push button matches the subsequent happening performed by the pedestrian as soon as they are in the WZ. Some dynamics in ped characteristic sub model makes the pedestrian in WZ denoted by ped wait place. The elements changes in this manner, controlling the movement of vehicles and pedestrians (Labadi et al., 2012.

Conclusion

 From the first illustration it can be established that Petri net structure can be used for the PBS system designing and evaluation. The control of the public bicycle control system can be effected by using a Petri net model the same way in the traffic light system. The second example presents the use of PN to craft pedestrian situation at signalized crossing. These are made possible from the quantitative calculations obtained from PN.
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