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Abstract: 

 Urban traffic congestion plagues cities worldwide, resulting in wasted fuel, increased travel times, and environmental pollution. 

Traditional traffic light systems with fixed timings are ineffective at adapting to real-time traffic fluctuations. This project 

proposes a novel Intelligent Traffic Light Control (ITLC) system that leverages the power of computer vision to optimize traffic 

flow at intersections. The core of the ITLC system hinges on a two-pronged approach utilizing Convolutional Neural Networks 

(CNNs) and Temporal Convolutional Networks (TCNs). First, CNNs, trained on extensive datasets of traffic camera images, 

will be adept at accurately detecting and counting vehicles in each lane. Subsequently, TCNs will analyze video feeds to capture 

the temporal dynamics of traffic flow, understanding the evolving patterns of vehicle movement over time. By fusing 

information from both static images and video analysis, the ITLC system gains a comprehensive understanding of the real-time 

traffic scenario at an intersection. This data is then fed into a Q-Learning algorithm, which dynamically adjusts traffic light 

timings based on the current number of vehicles and historical traffic patterns. This intelligent approach prioritizes congested 

lanes, optimizes overall traffic flow, and minimizes unnecessary delays. The ITLC system strives to significantly reduce wait 

times at intersections, leading to a smoother driving experience and reduced fuel consumption. It also promises to improve 

traffic flow by dynamically adapting to changing conditions, maximizing the capacity of each intersection. The success of this 

project has the potential to revolutionize urban traffic management, paving the way for a more efficient and environmentally 

friendly transportation network in cities around the globe.   
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  Introduction: 

Urban traffic congestion is a persistent challenge 

plaguing cities worldwide. It results in a domino 

effect of negative consequences, including wasted 

fuel, increased travel times, environmental pollution, 

and driver frustration. Traditional traffic light 

systems, with their fixed timings, struggle to adapt to 

the dynamic nature of traffic flow. This often leads 

to unnecessary delays, particularly during peak 

hours, where long queues build up at intersections. 

Additionally, static signalization fails to optimize 

road capacity, limiting the number of vehicles that 

can pass through intersections efficiently. This 

project proposes a novel solution to address these 

issues: the Intelligent Traffic Light Control (ITLC) 

System. It leverages the power of cutting-edge deep 

learning techniques to dynamically adjust traffic 

light timings based on real-time traffic conditions.  

By employing Convolutional Neural Networks 

(CNNs) and Temporal Convolutional Networks 

(TCNs), the ITLC system gains a comprehensive 

understanding of the traffic scenario at intersections. 

At the heart of the ITLC system lies a combination of 

CNNs and TCNs. CNNs, trained on vast datasets  

 

 

of labeled traffic camera images, excel at detecting 

and accurately counting vehicles in each lane. This 

provides real-time information about the number of 

vehicles waiting at each traffic light. TCNs then 

analyze video feeds captured by traffic cameras. 

Unlike CNNs, which analyze static images, TCNs are 

adept at capturing the temporal dynamics of traffic 

flow. They can identify patterns in vehicle movement 

over time, such as fluctuations in traffic density and 

lane-changing behavior. By combining the insights 

gleaned from both static images and video analysis, 
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the ITLC system paints a detailed picture of the 

traffic situation at an intersection. This real-time data 

is then fed into a Q-Learning algorithm, a powerful 

reinforcement learning technique. Q-Learning 

enables the system to dynamically adjust traffic light 

timings based on the number of vehicles present, 

historical traffic patterns, and the current state of the 

intersection. 

This intelligent approach prioritizes congested 

lanes, ensuring smoother traffic flow and 

minimizing unnecessary delays. The ITLC system 

offers several advantages over traditional traffic 

light systems. By dynamically adjusting timings 

based on real-time traffic, the system aims to 

significantly reduce wait times at intersections, 

leading to a more pleasant driving experience for 

commuters. Additionally, it optimizes overall 

traffic flow, maximizing the capacity of each 

intersection and reducing congestion. This 

translates to a significant reduction in fuel 

consumption and lower emissions, contributing to 

a more environmentally friendly transportation 

network. This project represents a significant step 

forward  in the  quest  for  intelligent  and  efficient  

traffic  management systems, fostering  a  more  

sustainable  future  for  urban  transportation. 

Related Work: 

Li et al. [1]: Li et al. proposed a method using deep 

reinforcement learning (DRL) to dynamically adjust 

traffic light timings based on real-time traffic 

conditions. Their approach showed significant 

improvements in reducing congestion and travel 

times. 

 

Zhang et al. [2]: Zhang et al. developed a CNN-based 

model to predict traffic flow patterns. Their research 

demonstrated the effectiveness of CNNs in analyzing 

traffic data and forecasting future traffic conditions 

accurately. 

 

Wang et al. [3]: Wang et al. presented a system 

integrating deep learning techniques with IoT 

devices for intelligent traffic management. Their 

approach focused on optimizing traffic flow and 

reducing congestion through real-time data analysis. 

 

Chen et al. [4]: Chen et al. proposed a system 

utilizing CNNs for vehicle detection and dynamic 

traffic light control. Their method aimed to adapt 

traffic light timings according to the density of 

vehicles at intersections. 

 

Liu et al. [5]: Liu et al. combined deep learning 

methods with genetic algorithms to optimize traffic 

flow. Their research demonstrated the effectiveness of 

this hybrid approach in reducing congestion and 

improving overall traffic efficiency. 

 

Guo et al. [6]: Guo et al. developed a smart traffic light 

control system using deep reinforcement learning and 

vehicle trajectory prediction. Their approach aimed to 

minimize waiting times and enhance traffic flow at 

intersections. 

 

Wu et al. [7]: Wu et al. proposed a CNN-based 

method for real-time traffic congestion detection. 

Their research focused on identifying congested areas 

and providing timely interventions to alleviate traffic 

congestion. 

 

Zhou et al. [8]: Zhou et al. presented an adaptive traffic 

light control system leveraging machine learning 

techniques and wireless sensor networks. Their 

approach aimed to optimize traffic flow by 

dynamically adjusting traffic light timings based on 

real-time traffic data. 

 

Yang et al. [9]: Yang et al. explored the application of 

deep Q-learning for traffic flow optimization in urban 

areas. Their research demonstrated the capability of 

deep Q-learning algorithms to learn optimal traffic 

control policies and reduce congestion. 

 

Huang et al. [10]: Huang et al. proposed a traffic 

management system integrating reinforcement learning 

and predictive analytics. Their approach aimed to 

proactively manage traffic flow and mitigate 

congestion by leveraging historical data and real-time 

predictions. 

 

Xu et al. [11]: Xu et al. developed an efficient traffic 

light control system by integrating machine learning 

algorithms with sensor fusion techniques. Their 

method aimed to optimize traffic signal timings by 

considering multiple sources of data, including vehicle 

counts and traffic flow patterns. 

 

Zhang et al. [12]: Zhang et al. proposed a deep 

learning-based approach for traffic signal control in 

smart cities. Their research focused on optimizing 

traffic light timings using deep neural networks trained 

on traffic data collected from various sources. 
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Liang et al. [13]: Liang et al. developed deep learning 

models for traffic congestion prediction and control. 

Their approach aimed to forecast traffic congestion 

patterns and adjust traffic management strategies 

accordingly to alleviate congestion. 

 

Chen et al. [14]: Chen et al. investigated the 

application of reinforcement learning techniques for 

traffic signal control in urban environments. Their 

research aimed to develop adaptive traffic signal 

control policies to improve traffic flow and reduce 

congestion. 

 

Lin et al. [15]: Lin et al. proposed an intelligent traffic 

management system utilizing deep learning 

techniques and edge computing. Their approach 

focused on real-time traffic analysis and optimization 

at the edge of the network to minimize latency and 

enhance traffic flow. 

 

Wang et al. [16]: Wang et al. explored the use of multi-

agent reinforcement learning for traffic signal control. 

Their research aimed to coordinate traffic signals at 

intersections by allowing agents to learn optimal 

policies through interaction with the environment.  

 

Liu et al. [17]: Liu et al. proposed a deep learning-

based approach for predicting vehicle trajectories to 

enhance traffic management. Their method utilized 

recurrent neural networks (RNNs) to predict future 

vehicle movements, enabling proactive traffic control 

strategies.  

 

Gu et al. [18]: Gu et al. investigated the application of 

swarm intelligence algorithms for traffic flow 

optimization. Their research focused on mimicking 

the collective behavior of swarms to dynamically 

adjust traffic signal timings and reduce congestion. 

 

Zhang et al. [19]: Zhang et al. proposed a 

spatiotemporal graph convolutional network (ST-

GCN) for traffic congestion detection and prediction. 

Their method leveraged the spatial and temporal 

relationships of traffic data to accurately predict 

congestion patterns.  

 

Chen et al. [20]: Chen et al. introduced a hybrid 

approach combining fuzzy logic and machine learning 

for traffic signal control. Their method aimed to 

adaptively adjust traffic signal timings based on fuzzy 

rules and historical traffic data to optimize traffic 

flow. 

 

Similar to the previous work approach, Li et al. [1] 

implemented a DRL system for dynamic traffic light 

adjustments. Their work demonstrates the effectiveness 

of DRL in reducing congestion and travel times, 

aligning with your project's goals. Chen et al. [4] 

proposed a system using CNNs for vehicle detection, 

similar to our first stage with CNNs for vehicle 

counting. Their work focused on adapting light timings 

based on vehicle density, which aligns with your 

objective of optimizing traffic flow. Yang et al. [9] 

explored the application of deep Q-learning, similar to 

the reinforcement learning aspect of our project. Guo et 

al. [6] developed a system using deep reinforcement 

learning, similar to ours, combined with vehicle 

trajectory prediction.  

 

Recent improvements in traffic light control systems 

leverage a combination of deep learning techniques and 

real-time data analysis. Additionally, researchers are 

exploring methods that combine deep learning with 

other techniques, such as genetic algorithms and sensor 

fusion, to further optimize traffic flow [5, 11, 13]. 

Another promising area of research is the use of large-

scale language models, like Roberta, for traffic 

prediction and control [15]. These models can 

potentially improve the accuracy of traffic flow 

forecasting and lead to more efficient traffic 

management strategies. Moreover, many model fail to 

attain acceptable results. To solve these problem, our 

suggested model have the potential to improve traffic 

flow forecasting and lead to even more efficient traffic 

management strategies. In essence, our project aligns 

well with these cutting- edge approaches and has the 

potential to significantly improve urban traffic flow. 
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Methodology: 

System Architecture: 

Fig.1 

 

Data Collection: 

The project hinges on high-quality data for model 

training. The first module focuses on gathering 

traffic data from cameras at intersections. This data 

will include real-world traffic scenarios captured as 

images (for CNNs) and video feeds (for TCNs). The 

volume and accuracy of this data are paramount to 

the success of the ITLC system. 

 

 Data Set: 

  
Fig.2 

 

 
Fig.3 

Importing the necessary libraries: 

 To bring the ITLC system to life, we'll leverage a 

powerful software stack. Python serves as the 

foundation for backend development and machine 

learning tasks. Flask, a lightweight web framework, 

will handle the backend development. On the machine 

learning and deep learning front, we'll utilize a 

combination of libraries: Scikit-learn for data 

manipulation and preprocessing, TensorFlow and 

Keras for building and training the CNN and TCN 

models, and Pandas for data analysis. Finally, MySQL 

will act as our relational database management system.  

 

Data Acquisition: 

Image Collection: The system gathers a large dataset of 

images captured by traffic cameras at intersections. 

Each image is meticulously labeled to identify and 

count vehicles present in each lane. This labeling 

process helps the system learn to recognize vehicles in 

future images. 

Video Collection: Video data is collected from traffic 

cameras. This captures the flow of traffic over time, 

including lane changes and traffic density variations. 

 

Splitting the dataset: 

Split the dataset into test and train sets. There are 20% 

test and 80% train data. 

 

Training with CNN: 

The labeled image dataset is fed into a Convolutional 

Neural Network (CNN). The CNN analyzes the 

images, learning to extract features that distinguish 

vehicles from other objects in the image. Through 

multiple training iterations, the CNN refines its ability 

to accurately detect and count vehicles in each lane. 

Image Once trained, the CNN receives live images 

from the traffic cameras. It analyzes these images using 

the learned features and identifies the presence and 

count of vehicles in each lane. This real-time vehicle 

count information becomes crucial input for the traffic 

light control system. 
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Working of CNN: 

convolutional neural networks, or CNNs, are a 

powerful type of deep learning architecture designed 

specifically to work with data that has a grid-like 

structure, like images. This grid-like property is often 

referred to as a spatial relationship. Unlike regular 

neural networks with fully connected layers, where 

every neuron in one layer connects to every neuron in 

the next, CNNs adopt a more streamlined approach.  

The core building block of a CNN is the convolutional 

layer, which consists of a set of learnable filters, also 

known as kernels. These filters work by applying a 

sliding window operation across the input image, 

essentially extracting features like edges, shapes, and 

colors from various positions throughout the image. 

As the filters move one step at a time horizontally and 

vertically, they capture these features, allowing the 

CNN to progressively learn and recognize 

increasingly complex patterns within the image data. 

This is how CNNs are able to achieve such high 

accuracy in tasks like image recognition and object 

detection. 

 

Training with TCN: 

The video dataset is used to train a Temporal 

Convolutional Network (TCN). Unlike CNNs that 

process individual images, TCNs can analyze 

sequences of video frames. The TCN learns to identify 

patterns in traffic flow over time, like surges in traffic 

density or lane-changing behavior. The TCN analyze 

the live video feed from traffic cameras. By examining 

sequences of frames, it can predict future traffic 

conditions, such as potential congestion buildup. This 

information on traffic flow dynamics is used by the 

system to optimize traffic light timings. 

 

Working of TCN: 

TCNs play a crucial role in understanding the 

temporal dynamics of traffic flow. Unlike CNNs 

which are adept at analyzing individual images, 

TCNs excel at processing sequences of video 

frames. By feeding video data into the TCN, the 

system can learn to identify patterns in traffic 

flow over time. These patterns can include 

fluctuations in traffic density, lane-changing 

behavior, and potential congestion buildup. This 

ability to analyze temporal information is what 

allows the TCN to predict future traffic 

conditions. The insights gleaned from the TCN, 

combined with real-time vehicle counts from the 

CNN, provide a comprehensive understanding of 

the traffic scenario at an intersection. This 

information is then used by the Q-Learning 

algorithm to dynamically adjust traffic light 

timings, optimizing traffic flow and minimizing 

congestion. 

 

 

Fig.4 

Q-learning:  

The ITLC system goes beyond simply analyzing traffic 

data. It employs a reinforcement learning technique 

called Q-Learning to make intelligent decisions 

regarding traffic light timings. Q-Learning operates 

within a reward-based framework. The system receives 

rewards for actions that optimize traffic flow, such as 

minimizing wait times and reducing congestion. 

Conversely, actions that lead to gridlock or inefficient 

flow incur penalties. Through continuous interaction 

with the traffic environment, the Q-Learning algorithm 

learns to associate specific traffic conditions with 

optimal traffic light timings. This enables the ITLC 

system to dynamically adjust signal phases in real-

time, prioritizing congested lanes and ensuring 

smoother traffic flow throughout the intersection.  

 

 

Apply the model and plot the graphs for 

accuracy and loss: 

The model trained with images and videos. After 

fitting, we can visualize its performance. Accuracy and 

loss graphs will be plotted to analyze how well the 

model learned. While training achieved a high average 

accuracy of 99%, the graphs will reveal if there's 

overfitting or room for improvement.  

 

Analyze and Prediction: 

This module will extract relevant features from the 

processed data to be used as inputs for the CNN and 

TCN. 
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Fig.5 

Accuracy on test set: 

To ascertain the accuracy and efficacy of the created 

CNN and TCN model, we will assess its performance 

on a test dataset in this module. We achieved 99% 

accuracy on the test set. 

 

Saving the Trained Model: 

With the desired file path and name where you want 

to save your trained model. This will save the entire 

model architecture, weights, and optimizer state in a 

single HDF5 file.  

After running this code, your trained model will be 

saved to the specified location, and you can load it 

later for inference or further training. 

Flowchart: 

 
Fig.6 

 

Conclusion: 

The ITLC system presents a compelling solution 

for mitigating urban traffic congestion through its 

intelligent and adaptable approach. 

By continuously monitoring and 

evaluating intersection performance metrics like 

wait times, throughput, and congestion levels, the 

system refines its deep learning models  and Q-

learning algorithm. This ongoing learning loop  

ensures the system remains optimized for real-

time traffic conditions. Furthermore, the modular 

and scalable design allows the ITLC system to 

adapt to diverse city infrastructures and traffic 

patterns. The core components, a Convolutional 

Neural Network (CNN), a Temporal 

Convolutional Network (TCN), and a Q-learning 

algorithm, can be readily implemented across 

various intersections. This widespread 

deployment fosters significant improvements in 

traffic management. The system's implementation 

involves a central Traffic Management Server that 

communicates with individual traffic light 

controllers at intersections.This centralized 

control ensures coordinated signal timing 

adjustments across the network. In essence, the 

ITLC system leverages the power of deep learning 

and Q-learning to dynamically adjust traffic light 

timings. This data-driven approach holds 

immense promise for alleviating urban traffic 

congestion, leading to smoother traffic flow and 

reduced travel times for commuters.  

Future work:  

The ITLC system's potential extends beyond its 

current capabilities. Future advancements could 

involve incorporating additional data sources like 

weather or public transport schedules for even 

more precise traffic management. Integration with 

connected vehicles could provide real-time 

information on vehicle location and speed, further 

optimizing light timings. Research into advanced 

algorithms could unlock even more efficient 

traffic flow patterns. By continuously learning and 

adapting, the ITLC system holds the promise of 

revolutionizing urban traffic management.  
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