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Agenda

Goal: Develop an Intelligent Transportation System (Smart Traffic Signal)

❑ Fundamental of Machine Learning Algorithms

❑ Fundamental of Reinforcement Learning Algorithms

❑ Implement an Intelligent Traffic Signal

❑ Analyze the Performance of Intelligent Traffic Signal



Fundamental of Machine Learning Algorithms

Machine Learning

Supervised Unsupervised Semi-Supervised
Reinforcement 

Learning

Reference: Wu, D., Wang, S., Liu, Q., Abualigah, L., & Jia, H. (2022). An Improved Teaching‐Learning‐Based Optimization Algorithm with Reinforcement Learning Strategy for Solving Optimization Problems.
Computational Intelligence and Neuroscience, 2022(1), 1535957.



Supervised/Unsupervised Learning

Input Data

Annotations

These are cars
Model

It is a car

Input Data

Object 1

Object 2

Object 3

Supervised Learning Unsupervised Learning



Reinforcement Learning

State (Detected Vehicles, Traffic Light Phase) Action (Switch Traffic Light)

Agent

Environment

Artificial Intelligence Algorithm

Reward Goal: Maximize Reward



State: How to Collect Data 

B. Camera (Computer Vision) in Real-WorldA. Inductive Loop in Real-World

A. Inductive Loop in SUMO B. Camera (Computer Vision) in SUMO (Lane Area) 

1. Vehicle count: 
How many vehicles have 
passed over time.
2. Vehicle Speed:
Mean speed from the vehicles 
passing a specific point.

1. Vehicle count: 
How many vehicles have passed over 
time.
2. Vehicle Speed:
Mean speed from the vehicles passing a 
specific point.
3. Queue length: 
How many vehicles are “stacked up” or 
moving slowly in the detector’s 
monitored area. 
4. Occupancy : 
The fraction of time that the detector 
area is occupied by at least one vehicle. 

Reference: Klein, L. A., Mills, M. K., Gibson, D., & Klein, L. A. (2006). Traffic detector handbook: Volume II (No. FHWA-HRT-06-139). United States. Federal Highway Administration.



Agent: Different Algorithms

Machine Learning

Supervised Unsupervised Semi-Supervised
Reinforcement 

Learning

Model-free Model-based

Value-based Policy-based Learn Model Model-Given

Reference: Wu, D., Wang, S., Liu, Q., Abualigah, L., & Jia, H. (2022). An Improved Teaching‐Learning‐Based Optimization Algorithm with Reinforcement Learning Strategy for Solving Optimization Problems.
Computational Intelligence and Neuroscience, 2022(1), 1535957.

Work based on integer values Work based on probability values



Q-learning

2

❑ Assume we name detectors (1-6)
❑ Traffic light has these phases: 

❑ Action 0: Keep Phase
❑ Action 1: Switch Phase

Q1: Whats Current State? 
Answer: (0,0,0,1,0,0,0)

Q2: Whats the likely Action (consider there is no Q-table)? 
Answer: 0

Q3: Whats Next State? 
Answer: (0,0,0,1,0,0,0)

Q4: Whats Reward? 
Answer: -1

Detector1
Detector 2
Detector 3

D
etecto

r 4
D

etecto
r 5

D
etecto

r 6
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Goal and Objectives:
❑ Developing Two Reinforcement Learning Algorithms 

(Q-Learning and Deep Q-Learning) for Traffic Signal 
Control 

❑ Compare Results with Static Traffic Signal

Study Area:
❑ A Random Intersection (For Tutorial Only)

https://ops.fhwa.dot.gov/publications/fhwahop18036/fhwahop18036.pdf

Reference link:

Step 1 Micro-Simulation Analysis Planning

https://ops.fhwa.dot.gov/publications/fhwahop18036/fhwahop18036.pdf
https://ops.fhwa.dot.gov/publications/fhwahop18036/fhwahop18036.pdf
https://ops.fhwa.dot.gov/publications/fhwahop18036/fhwahop18036.pdf
https://ops.fhwa.dot.gov/publications/fhwahop18036/fhwahop18036.pdf
https://ops.fhwa.dot.gov/publications/fhwahop18036/fhwahop18036.pdf
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Step 2 Data Collection and Analysis

Required Data:

❑ Traffic Flow Parameters: 
A. Traffic Volume: Default SUMO Values
B. Traffic Speed: Default SUMO Values

❑ Traffic Behavioral Parameters:
A. Lane Changing Model: Default SUMO Values
B. Car Following Model: Default SUMO Values

❑ Vehicle Types:
A. Default SUMO Values
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Step 3 Base Model Development

Required Steps:

A. Create Network and Name it Properly
B. Adding Traffic Cars, Volume and Speed
C. Vehicle Types
D. Adding Detector
E. Add Traffic Light: 1. Fixed Timing 2. Q-Learning 3- Deep Q Learning
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A. Create Network and Name it Properly
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B. Adding Traffic Cars, Volume and Speed

F_0: 1800 F_1: 1800 F_2: 1800

C. Vehicle Types
Default
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D. Adding Detectors

1. Camera (Computer Vision) in SUMO (Lane Area) 

https://sumo.dlr.de/docs/Simulation/Output/Lanearea_Detectors_%28E2%29.html

https://sumo.dlr.de/docs/Simulation/Output/Lanearea_Detectors_%28E2%29.html
https://sumo.dlr.de/docs/Simulation/Output/Lanearea_Detectors_%28E2%29.html
https://sumo.dlr.de/docs/Simulation/Output/Lanearea_Detectors_%28E2%29.html
https://sumo.dlr.de/docs/Simulation/Output/Lanearea_Detectors_%28E2%29.html
https://sumo.dlr.de/docs/Simulation/Output/Lanearea_Detectors_%28E2%29.html
https://sumo.dlr.de/docs/Simulation/Output/Lanearea_Detectors_%28E2%29.html
https://sumo.dlr.de/docs/Simulation/Output/Lanearea_Detectors_%28E2%29.html
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D. Adding Detectors
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E. Adding Traffic Light

1. Fixed Timing: 

2.   Q-Learning: 

3.   Deep Q-Learning:



E. Adding Traffic Light
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E. Adding Traffic Light

1. Fixed Timing: 2.   Q-Learning: 3.   Deep Q-Learning:

Traci5.py Traci6.py Traci7.py

In the Terminal:
Write pip list and check numpy, matplotlib, tensorflow; if you don’t have, then
❑pip install numpy
❑pip install matplotlib
❑Pip install tensorflow



E. Adding Traffic Light (Q-Learning)

1. Max Rewards

2. Rewards (-Queue Length)

3. State

5. Action (Switch Phase 
and Min Green Time)

6. Q-Learning Update

4. Each lane’s queue at 
time 𝑡+1 depends on the 
old queue, plus arrivals, 
minus departures

8. Variables get From SUMO

7. the exploration 
(Randomly or Greedy)

1 2

6

3

7

5

4 8



Q-learning
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Q-learning
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❑ Assume we are in step 630, we have below result:

❑ The Q-table until step 630 (0-629):

❑ How to calculate Q-Value and Update Q-Table for step 630?



E. Traffic Light (Q-Learning)

#Cars in Detector 1

#Cars in Detector 2

#Cars in Detector 3

#Cars in Detector 4

#Cars in Detector 6

#Cars in Detector 5

Traffic Phase

Action 0 Action 1

Reward if Action 0 Reward if Action 1

???

Output 1: State, Action, Reward

Output 2: Q-Table & Q Values



E. Adding Traffic Light (Deep Q-Learning)

6. In Q-Learning

1 2

6

3

7

5

4
6. In Deep Q-Learning

Change to this



E. Traffic Light (Deep Q-Learning)

Detector 1

Action 1

Input Layer Hidden Layer 1

24 Neurons

Output Layer 

Action 0

Detector 2

Detector 3

Detector 4

Detector 5

Detector 6

Signal Phase

24 Neurons

Hidden Layer 2

Reference: Mnih, V., Kavukcuoglu, K., Silver, D., Graves, A., Antonoglou, I., Wierstra, D., & Riedmiller, M. (2013). Playing atari with 
deep reinforcement learning. arXiv preprint arXiv:1312.5602.

Activation Layer: Rectified Linear Unit 
Loss Function: Mean squared error (MSE) 
Optimizer: Adam (learning_rate=0.001)
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Step 4&5: Error Checking and Model Calibration

We skip these steps:

Step 4: Error Checking: Is usually checking any bottleneck or geometry failure

Step 5: Model Calibration: Calibrate the model with real-world data 
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Step 6: Alternative Analysis

Q-Learning

Deep Q-Learning

Fixed Timing
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