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Basics of Scientific Research

Agenda

ÅI: What is research? The Scientific Research Process

ÅII:  Why is Research?

ÅIII: A Journey of An Applied Scientific Research Example 

From Lab to Reality

ÅIV: When to Start Research?

ÅV: What do you need to know before starting your 

research?
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I. Scientific Research Process
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Have you conducted scientific research before?
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Research is a Key Driver of Innovation
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II. Why Do We Need to Conduct Research?



Why should we conduct Research?

ÅTo develop knowledge for professions.

ÅTo develop effective policies.

ÅTo solve practical problems.

ÅTo make informed decisions.

ÅTo increase the knowledge base of larger society.

Huge amounts of daily life and experience in our 
society are based on what we have learned using 
the logic and evidence involved in scientific 
research.
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III. Taking Research From Lab to Field
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Smart Traffic Lights that Learn !

Multi-Agent Reinforcement Learning for Integrated Network 
of Adaptive Traffic Signal Controllers 
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1. Make An 
Observation



Traffic Congestion: Urban CANCER 
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Traffic Congestion Problem

TahrirSquare, 1914

TahrirSquare, 2014
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2. Define a Problem 
Statement and 
Formulate a 

Research Question
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Traffic Congestion Solutions

More 
Supply

Less Demand

Intelligence
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Intelligent Transportation Systems

Intelligent Transportation Systems (ITS)

Advanced Travelers 
Information Systems

Advanced Public Transit 
Systems

Advanced Traffic 
Management Systems

Ramp Metering Signal Control Route Divergence

Fixed-Time Control Actuated Control
Adaptive Traffic Signal 

Control (ATSC)
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3. Gather Information
Literature Review
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Research Database
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ATSC in North America
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MARLIN-ATSC: Level 4

%ÖÏÌÕÔÉÏÎ ÏÆ Ȱ!ÄÁÐÔÉÖÅȱ 4ÒÁÆÆÉÃ 3ÉÇÎÁÌ #ÏÎÔÒÏÌ

Level 0
ɆFixed-Time 

and 
Actuated 
Control 
ɆTRANSYT
Ɇ1969, UK

Level 1
ɆCentralized 

Control, Off-
line 
Optimization 
ɆSCATS
Ɇ1979, 

Australia 
Ɇ>50 

installations 
worldwide

Level 2
ɆCentralized 

Control, On-line 
Optimization
ɆSCOOT
Ɇ1981, UK 
Ɇ>170 

installations 
worldwide

Level 3 
ɆDistributed 

Control, Model-
Based
ɆOPAC, RHODES
Ɇ1992, USA
Ɇ5 installations in 

USA

Level 4
ɆDistributed 

Self-Learning 
Control 
ɆMARLIN-ATSC
Ɇ2011, Canada
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Issues with Leading ATSC Technologies

ɆExpensive
ɆNot scalable 
ɆNot robust

Centralized

ɆRelying  on an accurate traffic modelling 
framework
Ɇthe accuracy of which is questionable

Model -Based

ɆIncreasing the complexity of the system 
exponentially with the increase in the number of 
intersections/controllers

Curse of 
Dimensionality

ɆRequiring highly skilled labour to operate due to 
their complexity. 

Human 
Intervention 

Requirements

24
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4. Hypothesis Construction 
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In a Nutshell
Å Grand objective 

ï Intersections "talk to each other" 

ïEach is affected by what is happening upstream 

ïEach affects what is happening downstream ɀ

ïWhole network control in one shot from a grand brain is the dream

Å Issue 

ï Intractable theoretically

ïToo complex practically 

ïRequires massive and very expensive communication

Å Solution??

ïDecentralized

ïSelf learning: agents learn to control their local intersection

ïGame theory based: agents learn to collaborate
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5. Define Methodology and 
Do Experiments
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Traffic Signal Control Problem
Markov Decision Process
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Current State

Next State ??
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Markov Decision Process
Dynamic Programming

29

ɆThe Transition 
Probability 
Matrices 
(TPM) 

Ɇ(-1)* Delay 

ɆExtend Green 
(a1)
ɆSwitch to 
Minor Street 
(a2)

ɆQueue Length
ɆShort (S1)
ɆLong (S2)

State Action

Transition 
ProbabilityReward

Queue Length

Optimal Control 
Policy that 

maximizes the 
expected long-term 

reward
a1

a2Curse of Modeling Curse of Dimensionality
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Smart / Intelligent Machine?
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The Most Intelligent Machine Known to Man?
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Artificial Intelligence Method
Reinforcement Learning

Reward (savings in delay)

environment

action

observation (queue Lengths)

MARLIN

32

Q a1 a2

s1 -10 -5

s2 -3 -15

Q Table 



Model -Free Algorithms

Model -Based 
Algorithms

Solution Form

Theoretical 
Framework

Problem Identification

Stochastic Control Problem

Single Agent (Stationary 
Environment)

Markov Decision 
Process

Optimal Control Policy

Dynamic Programming 
Methods

Reinforcement Learning

Multi -Agent (Non-
Stationary Environment)

Stochastic Game

Optimal Joint-Policy

Game Theory 
Methods

Multi -Agent 
Reinforcement Learning

Single vs. Multiple Agents:
MARLIN Independent vs Integrated33
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Corridor Synchronization Vs. 
Network -Wide Coordination

Collaboration with each 
adjacent intersection in the 

neighborhood

Collaboration with each 
adjacent intersection in the 

neighborhood
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Corridor SynchronizationCorridor Synchronization
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MARLIN-ATSC Framework

Agent
(Learning and

Decision 
Making)

Environment
(Observation 
and  Acting)

Environment -Agent 
Interface

(Synchronized 
Interaction)
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6. Data Collection and 
Analysis 



Applications 
Simulation Testbeds on Toronto

Applications 
Simulation Testbeds on Toronto

37



Applied Scientific Research: From Lab to Field

Traffic Simulator
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Testbed Networks and Applications

Isolated  Int. 

ĄDifferent RL 
Design Parameters 

5- Int. Network

Ą Transferability
and Different 
Coordination
Approaches

Large-Scale

ĄScalabilityand 
Network-wide 

Coordination Effect
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Isolated Intersection
Bay and Front (Downtown Toronto)
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5-Intersections Network
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Large-Scale Application in Toronto

42



Applied Scientific Research: From Lab to Field 43

7. Make Conclusions
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Large-Scale Application
Average Delay % Improvements

MARLIN-IC vs BCMARLIN-IC vs BC

% Improvement
Area 1

Area 2

Area 3
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Large-Scale Application
Average Route Travel Time for Selected Routes
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Hardware-in-the-Loop 
Simulation (HILS)

Hardware-in-the-Loop 
Simulation (HILS)
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