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ABSTRACT 

In every town and city, the problems encountered by road users are seemingly how to manipulate the 

traffic, especially in the rush hours of morning and evening. Many towns and cities have battled on how 

to solve traffic situations, hence the introduction of traffic lights, but traffic lights are not enough to 

control the huge traffic problems bordering that town or city because of poor feasibility study of the 

traffic situation in the allocation of time slot in vehicular movements. This research paper is designed to 

solve traffic-related problems by employing forward and backward chaining algorithms. A comparison is 

made between manual traffic control system, traffic light control system and forward and backward 

chaining traffic control system with distances of the cars from the traffic control center in adjoining roads 

mapped at 2, 4, 6, 8, 10, 12, 14, 16, 18 and 20 kilometers and the response time to traffic control on look 

ahead in vehicles on the queue and congestion clearance were measured. The backward chaining 

algorithm looks at the number of cars in all the directions and calculates the lane that has the largest 

traffic and gives them a pass to reduce the traffic in that lane and then quickly turns to the normal traffic 

light system using the forward chain algorithm and forward and backward chaining yielded enhanced 

results more than manual and traffic light controls. This is achievable by employing backward and 

forward algorithms embedded in CCTV system cameras. The implementation of the computer traffic 

simulation was done using C-Sharp Programming Language. 

 

Key Words: Simulation, Backward Chaining, Traffic Light, Intelligent System. 

1.0 INTRODUCTION:  

Intelligent Transport Systems and Services could 

be defined as the integration of information and 

communications technology with transport 

infrastructure, vehicles and users, Marco (2004). 

Due to the ever-increasing traffic demand, 

modern societies with well-planned road 

management systems, and sufficient 

infrastructures for transportation still face the 

problem of traffic congestion.  

 

This results in a loss of travel time, and huge 

societal and economic costs. Traffic congestion 

in highway networks is one of the main issues to 

be addressed by today’s traffic management 

schemes. Mosttimes motorists spend hours on 

adjoining roads due to traffic jams. Automation 

combined with the increasing market penetration 

of online communication, navigation, and 

advanced driver assistance systems will 

ultimately result in intelligent vehicle highway 

systems (IVHS) that distribute intelligence 

between roadside infrastructure and vehicles and 

that in particular in the longer term are one of 

the most promising solutions to the traffic 

congestion problem, Nicholas.  

 

Problems were identified with the current traffic 

control system at the ‘+’ junctions and this 

necessitated the design and implementation of a 

new system to solve the problems by making 

decisions based on real-time traffic situations, 

Nigerian Researchers(2021). These decisions 

would be such that the conventional lighting 

mailto:odikwa@abiastateuniversity.edu.ng
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system of turning red, green or amber will be 

based on the current volume of vehicles on the 

driveway, as against using mere timing circuits 

to regulate vehicular traffic without recourse to 

what the traffic looks like in all directions. In 

this paper, an intelligent traffic control system 

which is capable of efficiently managing traffic 

is presented to ensure steady flow and prevent 

congestion. The new system will eliminate some 

of the problems identified in the current traffic 

monitoring and control systems. 

 

For a large-scale traffic management system, it 

may be difficult to assess the state of the traffic 

network and to tell whether it is flowing 

smoothly. Over the past few years, multi-agent 

systems have become a crucial technology for 

effectively exploiting the increasing availability 

of diverse, heterogeneous and distributed 

information sources. Researchers over the years 

have adopted numerous techniques and used 

various tools to implement multi-agent systems 

for their problem domains. As researchers gain a 

better understanding of these autonomous multi-

agent systems, more features are incorporated 

into them to enhance their performance and the 

enhanced systems can then be used for more 

complex application domains.   

 

An intelligent software agent is an autonomous 

computer program, which interacts with and 

assists an end-user in certain computer-related 

tasks. In any agent, there is always a certain 

level of intelligence. The level of Intelligence 

could vary from pre-determined roles and 

responsibilities to a learning entity. Multi-Agent 

System is the aggregate of agents, whose object 

is to decompose the large system into several 

small systems which communicate and 

coordinate with each other and can be extended 

easily.  

 

Agent-based simulations are models where 

multiple entities sense and stochastically 

respond to conditions in their local 

environments, mimicking complex large-scale 

system behavior. The urban traffic system is a 

much more complex system, which involved 

many entities and the relationship among them is 

complicated, (Nuru, et al., 2018).   

 

Therefore, the most important issue for a learner 

agent is the assessment of the behavior and the 

intelligence level of the other agents. By sharing 

vital information, Intelligent Traffic System 

allows people to get more from transport 

networks, with greater safety and with less 

impact on the environment. It helps the whole 

transport system to work most effectively and 

efficiently. Intelligent Traffic System integrates 

users, transport systems, and vehicles through 

state-of-the-art information and communications 

technologies. It can dramatically improve 

travelers’ safety, efficiency and comfort. It also 

helps shippers and carriers move freight to their 

destination reliably and efficiently. This Traffic 

System helps us get the best value from the road 

and rail systems we already have.  

 

The System helps traffic flow more smoothly, 

reducing delays, fuel consumption, and air and 

noise pollution. Intelligent Traffic System often 

works behind the scenes. Emergency vehicles 

can get to a crash site more rapidly than before 

with Intelligent Traffic System detecting the 

crash, notifying emergency services, and getting 

the nearest response unit to respond.   

 

2. LITERATURE REVIEW 

Traffic Simulation or the simulation of 

transportation systems is defined as the 

mathematical modelling of any transportation 

systems, which include freeway junctions, 

arterial routes, roundabouts, downtown grid 

systems, etc. through the design of computer 

software to better help plan, design, and operate 

transportation systems effectively, 

https://en.wikipedia.org. 

 

2.1 Forward and Backward Chaining 

 

Backward and forward chaining are methods of 

reasoning that exist in the Expert System 

Domain of Artificial Intelligence. These 

techniques are used in expert systems such 

as MYCIN and DENDRAL to generate 

solutions to real-life problems. Forward chaining 

is a method of reasoning in Artificial 

Intelligence in which inference rules are applied 

to existing data to extract additional data until an 

endpoint (goal) is achieved. 

https://en.wikipedia.org/
https://en.wikipedia.org/wiki/Mycin
https://en.wikipedia.org/wiki/Dendral
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In this type of chaining, the inference engine 

starts by evaluating existing facts, derivations, 

and conditions before deducing new 

information. An endpoint (goal) is achieved 

through the manipulation of knowledge that 

exists in the knowledge base. 

 

2.1.1 Properties of Forward Chaining 

I. The process uses a down-up approach 

(bottom to top). 

II. It starts from an initial state and uses 

facts to conclude. 

III. This approach is data-driven. 

IV. It’s employed in expert systems and 

production rule systems. 

Backward chaining is a concept in artificial 

intelligence that involves backtracking from the 

endpoint or goal to steps that led to the endpoint. 

This type of chaining starts from the goal and 

moves backward to comprehend the steps that 

were taken to attain this goal. 

 

2.1.2 Properties of Backward Chaining 

I. The process uses an up-down approach 

(top to bottom). 

II. It is a goal-driven method of reasoning. 

 

III. The endpoint (goal) is subdivided into 

sub-goals to prove the truth of facts. 

IV. A backward chaining algorithm is 

employed in inference engines, game 

theories, and complex database systems. 

V. The modus ponens inference rule is used 

as the basis for the backward chaining 

process. This rule states that if both the 

conditional statement (p =>q) and the 

antecedent (p) is true, then we can infer 

the subsequent (q), Ugwu(2009). 

 

2.2 Control System Option 
Operational objectives of traffic control systems 

include making the best use of existing roadway 

and freeway network capacity and reducing trip 

times, without creating adverse environmental 

impacts. Controlling the movement of vehicles 

through signalized intersections provides a 

major effect on traffic flow in urban areas. The 

control strategies shown in the table below can 

achieve signalized intersection control. The table 

provides a summary of the features of different 

categories of traffic control systems. 

 

 

 

 

 

 

Figure 1: General traffic management and control structure (Source: Mbawike, 2007). A New Approach 

in Urban Traffic Control Systems, 2017). 

 

 

 

 

https://en.wikipedia.org/wiki/Modus_ponens
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2.3 Implications of Intelligent Traffic System 

Intelligent transport systems in urban public 

transport might be described as a combination of 

information and communication technologies 

integrated into an urban public transport system. 

These technologies might be integrated into the 

infrastructure of the transportation system in 

urban public transport vehicles themselves. At 

present, public sector infrastructure, including 

electronic toll collection and road use charging, 

still represents the largest Intelligent Traffic 

System market segment shown in Figure 1. 

 

In the future, private sector purchases of 

Intelligent Traffic System products and services 

(either from commercial or consumers) are 

expected rapidly to overtake the public sector 

market, with emphasis on communications-

enabled in-vehicle products and services, 

reflecting the rapid growth in the wireless 

internet, Ibeh (2016).  

 

Intelligent Traffic System for safety  

More than 40,000 people die on Europe’s roads 

each year. In Africa, it is estimated that over 

80,000 people and in Asia and America, 

approximately 50,000 people die of road 

accidents, as a result of non-intelligent traffic 

control systems on our roads (Johannes, et al., 

2021, Department of Transport, 2021).  Road 

accidents cost the European economy around 

€200 billion each year. Thus far, in-car safety 

systems have greatly improved the chances of 

surviving an accident, more attention now needs 

to be given to systems that can prevent accidents 

from happening. An intelligent Traffic System 

can help reduce injuries and save lives, time and 

money by making transport safer. 

 

2.4 Computer Simulation 

Computer simulation is a powerful methodology 

for the design and analysis of complex systems. 

The overall approach in a computer simulation is 

to represent the dynamic characteristics of a 

real-world system in a computer model, Osigwe, 

et al., 2011. The model is subjected to 

experiments to obtain predictive information 

useful in making informed decision-

makingabout the characteristics of the real 

system. Simulations are suitable for problems 

inwhich there are no closed-form analytical 

solutions. Since most dynamic problems in 

practice cannot be represented and solved fully 

using mathematical equations, computer 

simulation is a powerful and flexible 

methodology in complex systems analysis. 

Simulations can be classified into continuous 

and discrete simulations. In continuous 

simulations, the state variables, i.e., the 

collection of variables needed to describe the 

system, change continuously over time and the 

behaviour of the system is typically described by 

differential equations.  

 

Examples of continuous systems include the 

modelling of thermal or hydraulic systems. 

Discrete simulations are event-driven where the 

state variables change at discrete time points 

(Rameshwar, et al, 2021). Examples of discrete-

event simulations include service industry 

applications such as queues in a grocery store 

and manufacturing applications involving 

material flow analysis.  

 

2.6 Overview of Application of Traffic 

Simulation Model 

 

Nuru , et al., 2019, Classified traffic simulation 

models into 

(i) Car following models 

(ii) Lane changing models 

(iii) Gap acceptance models 

 

Samir, et al., (2021), designed a traffic 

simulation system using a modern vehicular 

network (VANET) and internet of vehicles 

(IoV) which enabled vehicles to communicate 

with nearby and dedicated infrastructure 

wirelessly. This architecture-helped vehicles to 

identify areas where there are gridlocks and take 

alternative routes. The application of agent 

technology is particularly promising as it 

focuses on modeling heterogeneous individual 

preferences and behaviours.   

 

Figure 2 shows the traffic gridlock in Lagos 

State of Nigeria which is an unorganized traffic 

system. It becomes difficult for drivers to 

maneuver the traffic during the rush hours in the 

morning and the afternoon. Consequently, 

Figures 3 and Figure 4 show the traffic situation 

in Imo State. It is apparent to observe the 
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situation where motorists are congested as a 

result of a functional traffic lights or non-

functional traffic lights that do not take into 

consideration the lane with heavy traffic. Based 

on the premise of the traffic light control system 

seen in Figures 3 and 4, which is observed in our 

major towns and cities at some particular time, 

precipitated this research work. Obviously 

motorists are congested in one lane while other 

lanes are free from traffic and there   is a traffic 

system that allocates equal time to all the lanes 

in adjoining roads irrespective of the traffic 

situation that this research paper was anchored 

on to develop an intelligent backward and 

forward chaining traffic control system.

  

 

 
Figure 2: An unorganized traffic system, (Source: Osigwe, et al.,2011) 

 

 
Figure 3: Traffic situation in Interjection Owerri Municipal 
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Figure 4: Traffic Gridlock in one lane in Owerri Municipal 

 

 

3.0. MATERIALS AND METHODS 

 

In this section, an extensive discussion on how 

to design and deploy backward and forward 

chaining algorithms to improve traffic control in 

congested cities is discussed. This study is based 

on improving the existing traffic control shown 

in Figure 1. The process of building this system 

involves  

1. Building forward and backward 

algorithm 

2. Deploying a microcontroller 

3. CCTV Camera 

 

Figure 5shows the architecture of the traffic 

control system, which normally controls the 

traffic in cities and towns. In this control system, 

the control is based on the traffic lights namely; 

green, red and amber lights regulations with 

equal time allocation for each of the lanes. To 

improve the system to be able to take care of 

heavily congested lanes at a particular time, 

especially during the rush hours of the day 

(morning and evening), an extension is made as 

shown Figure 6. 

 

The process and materials involved in the 

building of the intelligent traffic control system 

involve the development of forward and 

backward algorithms, the inference engine, the 

CCTV Cameras, the micro controllers and 

relays. 
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Figure 5: Architecture of Traffic Control System 
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Figure 6: Architecture of Intelligent Traffic Control System 

 

 

3.1 Forward Chaining Algorithms 

In this paper, forward chaining is a forward 

deduction or forward reasoning using an 

inference engine. The rules created in the 

inference engine is incorporated in the forward 

chaining to reason forward on the number of 

vehicle in all the lanes in a road interjection and 

deduce from the calculations, that the lane with 

the highest number of the congested vehicle or 

the lane with heavy traffic. The CCTV camera 

with a sensor constantly communicates with the 

system, especially in the nick of heavy traffic.  

1. Let P, Q, R, and S be the lanes in an 

interjection road 

2. S is the starting point (initial state) from 

the line after the traffic light 

3. From the starting point check the lanes 

with heavy traffic congestion 

4. Verify starting point (initial point) to 

lanes empty set(), or non-empty(1-n) 

5. If P > Q, P > R, P > S, then allocate 

more time to lane P else  

6. If Q > P, Q > R, Q > S allocate more 

time to lane Q, else 

7. If R > Q, R > P, R > S, allocate more 

time to lane R else 

8. If S > P, S > Q, S > R, allocate more 

time to lane S 

9. Compute inference, P→ Q, Q →R, R→ 

S 

10. end 

3.2 Backward Chain Algorithm 

Backward-chaining is also known as a backward 

deduction or backward reasoning method when 

using an inference engine. A backward chaining 

algorithm is a form of reasoning, which starts 

with the goal and works backward, chaining 

through rules to find known facts that support 

the goal [8]. 

1. From the last goal state 

2. Revert to lanes P, Q, R and S 

3. Check last lane turn 

4. If last pass = P, then check lane Q, R and 

S and Pass else 

5. If last pass = Q, revert to lane P, R and S 

else 

6. If last pass = R, revert to lanes P, Q and S 

else 

7. If last pass = S, then revert to lanes P, Q 

and R 
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8. Check last passed lane before passing to 

congested lane 

9. If found empty, skip, and give a pass to 

second in turn else 

10. Give pass lane with normal turn to pass 

11. End. 

3.3 The Inference Engine 
 The inference engine is responsible for the basic 

rules during the decision-making in the traffic 

control system. The inference is depicted as a set 

of rules that satisfies related lanes in the control 

system namely in lanes P, Q, R and S 

communicated through a database transferable to 

the main inference database. 

 

3.4The Microcontroller 
The Node MCU micro-controller acts as an 

intelligent system by controlling the electrical 

system of a traffic control system, Department 

of Transport (2021).. The Node MCU 

programming interface is implemented using the 

Arduino IDE and programmed to receive 

electrical signals from the traffic control system, 

enable external control commands from the 

system and take basic intelligent decisions based 

on certain conditions in the control system 

circuit. 

 

3.5 The Sensors 

The sensors are incorporated into the control 

system to trigger the traffic lights (that is red, 

amber and green). The sensors are also 

integrated into the cameras that communicate by 

sending signals to the microcontroller circuitry 

in the traffic control system. 

 

4.0 RESULT AND DISCUSSION 
To implement the intelligent forward and 

backward chaining traffic control system, 

several experiments were conducted using 

computer simulation. The intelligent traffic 

control system was computer-simulated with the 

help of Visual Studio 2019 with C-Sharp 

Programming Language. Figure 7 depicts the 

computer simulation with the four lanes in an 

interjection road designed. The control system as 

shown in Figure 7 has the traffic lights situated 

at the corners of the lanes namely; lane P, lane 

Q, lane R and lane S. In Figure 8, the intelligent 

system is loaded with cars to test the system and 

ascertain its performance with respect to the 

response time and accuracy of the system. The 

red boxes represent the traffic lights, the first 

white box represents the CCTV cameras and the 

second white box represents the intelligent 

traffic light control system.  

 

With these arrangements put in place, the 

forward and backward chaining algorithms 

which are programmed in the Arduino 

microcontroller embedded in the traffic control 

system communicate with the CCTV cameras to 

detect and identify the lane with the highest 

traffic congestion at any time. Immediately, the 

detection is done in the lanes, that is, lanes P, Q, 

R and S, it triggers the system to give traffic 

passes to such lanes and after reverts back to the 

normal traffic light configuration. The 

computer-simulated intelligent backward and 

forward algorithm in the traffic control system 

shown in Figure 9, depicts the vehicular 

movement in a lane that is congested more than 

the other three lanes.  

 

This system does not imply that all the vehicles 

in the congested lane must be passed before 

considering and reverting to the normal traffic 

configuration. The system as shown in Figure 9 

only reduces the congestion in the lane found to 

be heavily congested before going back to the 

statuesque. This offers the system the 

opportunity to revert to using the backward 

algorithm so that the vehicles in the other lanes 

could have a pass. To further buttress, this as 

depicted in Figure 9, one vehicle was left 

behind, that is the white vehicle which after the 

other lanes have taken turns, will get to that lane. 
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Figure 7: The Intelligent Traffic Control System 

 

 

 
Figure 8: Intelligent Traffic Control System with cars on Stationary 
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Figure 9: Intelligent Traffic Control System with Vehicular Movement 

Table 1 shows the traffic response time between 

manual traffic control and traffic light control 

with distances of the cars from the control center 

traffic in adjoining roads mapped at 2, 4, 6, 8, 

10, 12, 14, 16, 18 and 20 kilometers. In terms of 

look-ahead, the manual method of traffic control 

responds more quickly than the traffic light 

control system as a result that in the manual, a 

traffic warden controls the traffic and can figure 

out when there is congestion in any of the lanes 

than the traffic light control system. In terms of 

congestion clearance, traffic light responds 

quickly because each of the lane is allotted the 

same time. Another reason is that motorists obey 

traffic lights more than the traffic warden that 

controls traffic manually. 

A comparison is made between the response to 

traffic between the traffic control light and the 

intelligent system as depicted in table 2with 

distances of the cars from the control center 

traffic in adjoining roads mapped at 2, 4, 6, 8, 

10, 12, 14, 16, 18 and 20 kilometers. The result 

of the intelligent traffic control system yielded 

high accuracy in responding to traffic than the 

normal traffic light control system in terms of 

look-ahead, congestion clearance and response 

to vehicular movement in given a pass to the 

motorists. This is because of the forward and 

backward chain algorithm incorporated into the 

traffic control system. 

In Table 3, it could be deduced that the 

intelligent traffic control system with forward 

and backward chain algorithms, acts faster when 

it comes to response time to the traffic situations 

with distances of the cars from the control center 

traffic in adjoining roads mapped at 2, 4, 6, 8, 

10, 12, 14, 16, 18 and 20 kilometers. It looks 

ahead to ascertain when there is a gridlock in 

any of the lanes and gives a pass to that lane and 

solves the general congestion traffic in any 

adjoining roads than using a manual method of a 

traffic control system. 

 

 

 

 

 



INTELLIGENT FORWARD AND BACKWARD CHAINING ROAD TRAFFIC CONTROL SYSTEM 

 

Odikwa et al., Clifford University International Journal of Development Studies (CLUIJODS). Volume 2(December, 

2022). Pp 69 - 81 

  79 

  

Table 1: Comparison of Response Time between Manual and Traffic Light Control 

Range 

(Meters) 

Manual Traffic control 

on Look ahead 

response time (Mins) 

Traffic Light Control 

on Look ahead 

response time in 

(mins) 

Manual Traffic control 

on Congestion Clearance 

response time (Mins) 

Traffic Light Control 

on Congestion 

Clearance response 

time in (mins) 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

10 

14 

20 

23 

25 

27 

29 

31 

35 

38 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

18 

25 

36 

39 

41 

44 

48 

50 

55 

60 

10 

15 

24 

28 

30 

34 

37 

39 

42 

48 

 

Table 2: Comparison of Response Time between Traffic Light Control and Forward and backward Chain 

Intelligent Traffic Control System. 

Range 

(Meters) 

Traffic Light control 

on Look ahead 

response time (Mins) 

F and B chain intelligent 

Traffic Light Control on 

Look ahead(Mins) 

Traffic Light control 

on Congestion 

Clearance response 

time (Mins) 

F and B chain 

intelligent Traffic 

Light on Congestion 

Clearance response 

time in (mins) 

2 

4 

6 

8 

10 

12 

14 

16 

- 

- 

- 

- 

- 

- 

- 

- 

2 

4 

7 

12 

15 

20 

23 

28 

10 

15 

24 

28 

30 

34 

37 

39 

5 

10 

15 

20 

22 

26 

29 

31 
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18 

20 

- 

- 

31 

36 

42 

48 

34 

36 

 

 

Table 3: Comparison between Manual Traffic Control and Intelligent System Traffic Control 

Range 

(Meters) 

Manual Traffic 

control on Look 

ahead response time 

(Mins) 

F and B chain intelligent 

Traffic Light Control on 

Look ahead (Mins) 

Manual control on 

Congestion Clearance 

response time (Mins) 

F and B chain 

intelligent Traffic 

Light on Congestion  

Clearance response 

time in (mins) 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

10 

14 

20 

23 

25 

27 

29 

31 

35 

38 

2 

4 

7 

12 

15 

20 

23 

28 

31 

36 

18 

25 

36 

39 

41 

44 

48 

50 

55 

60 

2 

4 

7 

12 

15 

20 

23 

28 

31 

36 

 

5.0 CONCLUSION 
The normal traffic control methods of operation 

in most towns and cities have proved not to be 

very effective. We experience traffic despite the 

fact that traffic control systems are installed and 

deployed in our cities and towns because the 

system does not take cognizance of the fact that 

some lanes may be highly congested with motor 

vehicles than the others. While some lanes are 

heavily congested, some lanes are free and given 

the same time slots to operate and thus causing 

time delays to motorists. The inherent problems 

discovered in traffic control systems precipitated 

the design of an intelligent traffic control system 

with forward and backward chain algorithms.  

 

This control system operated by effectively 

looking at the lanes, deciding the lane with the 

heaviest traffic at any moment, and giving pass 

to the lane and immediately reverts to the 

normal traffic situation using a backward 

chaining algorithm to give the other lanes less 

traffic congestion pass again. This system 

incorporates CCTV Cameras with embedded 

microcontrollers via backward and forward 

algorithms to effectively, manage traffic control 

systems. In this scenario, motorists on lanes with 

lesser traffics do not have to wait endlessly 

because the system uses a backward chaining to 
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revert to these lanes immediately by solving the 

problems of motorists in congested lanes. 
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