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Have you conducted scientific research before?
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Il. Why Do We Need to Conduct Research”
Research is a Key Driver of Innovation

“I believe in innovation and that
the way you get innovation is
you fund research and you learn
the basic facts.” — Bill Gates
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Why should we conduct Research?

0 develop knowledge for professions.

‘0 develop effective policies.

"0 solve practical problems.

‘0 make informed decisions.

‘0 Increase the knowledge base of larger society.

o To To Do I

Huge amounts of daily life and experience in our
society are based on what we have learned using
the logic and evidence involved Iin scientific
research



lll. Taking Research From Lab to Field
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Smart Traffic Lights that Learn !

Multi-Agent ReinforcementLearning forlntegratedNetwork
of Adaptive Traffic Signal Controllers
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1. Make An
Observation

“Research is to see what everyone
else has seen, but thinking what no
one else has thought.”

— Albert Szent-Gyorgyi
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Traffic Congestion Problem
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2. Define a Problem
Statement and
Formulate a
Research Question




What is a problem statement?

* A problem statement addresses both the “why"” (the specific
aim or purpose of the study) and the “what” (the central
research question or a set of questions) of the research

* There are three key criteria for a good problem statement; it

should be:
a) relevant
b) feasible

C) interesting
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Traffic Congestion Solutions
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Intelligent Transportation Systems

Intelligent Transportation Systems (|

Advanced Traffic
Management Systems

Signal Control

Adaptive Traffic Signal
Control (ATSC)
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3. Gather Information
Literature Review
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What is literature?

* Literature —the body of knowledge available to you or what
is already known and written down that is relevant to your

research project.

* A literature review is a process that involves the identification

of published work on the topic of interest, the evaluation of
this work in relation to the problem, and the documentation

of this work.
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A literature review ensures that:

1. Put your research into context

2. You do not run into the risk of “reinventing the
wheel”

3. You look at your problem from several angles
4. You didn't miss an important variable
5. You know the research methods
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Research Database

GOOGLE /S Research database

* Anyone can put up a webpage * Articles are fact-checked,
— no quality control reviewed by editors, or peer-
* Hard to limit your search to reviewed for accuracy
just what you want * Databases allow you to limit
+ Wading through too many your search to what you want
results wastes your time * The library pays for access to
s Deadlinks full-text journals in databases

: _ . !
* Many journal articles are not so you don’t have to

free online through Google. * Databases such as JSTOR only

You have to pay $55! include full-text scholarly
journals — save time.
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ATSC In
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Issues with Leading ATSC Technologies

F Expensive h
Centralized ZNot scalable
£ Not robust 4
FRelying on an accurate traffic modelling h
framework
£ the accuracy of which is questionable J
. . B
Ccurse of  Increasing the complexity of the system

: : : exponentially with the increase in the number of

D|men5|0na“ty Intersections/controllers )

Human
Intervention
Requirements

 Requiring highly skilled labour to operate due to
their complexity.




4. Hypothesis Constructior

“No great discovery was ever
made without a bold guess.”
— Sir Isaac Newton




In a Nutshell

A Grand objective

Intersections "talk to each other"

Each is affected by what is happening upstream

Each affects what is happening downstregm

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

A lssue

Intractable theoretically
Too complex practically
Requires massive and very expensive communication

A Solution??

Decentralized
Self learningagents learn to controltheir local intersection
Game theory basedigents learn to collaborate

Applied Scientific Research: From Lab to Field



5. Define Methodology anc
Do Experiments

What if things go wrong ?!!

"It's not that I'm so
smart, it's just that | stay

with problems longer." _ ~* -' | k GO \X/RONG
B DONT GO
WITH THEM

—Albert Einstein



Traffic Signal Control Problem

Markov Decision Process
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Markov Decision Process

Dynamic Programming
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Smart / Intelligent Machine?

— Sense

- Interpret

— Learn

— React

- Optimize

- Adapt

— Help

Applied Scientific Research: From Lab to Field



The Most Intelligent Machine Known to Man?
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Artificial Intelligence Method
Reinforcement Learning
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Single vs. Multiple Agents:
MARLIN Independent vs Integrated

Stochastic Control Problem

Problem Identification

Theoretical Markov Decision
Framework Process

Stochastic Game

Solution Form Optimal Control Policy Optimal JointPolicy
Model-Based Dynamic Programming Game Theory
Algorithms Methods Methods

Model-Free Algorithms



Corridor Synchronization Vs.
Network -Wide Coordination
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Corridor Synchronization
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Collaboration with each
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MARLIN-ATSC Framework
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6. Data Collection and
Analysis

“An experiment is a question which
science poses to Nature, and a
measurement is the recording of
Nature's answer.” — Max Planck
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Applications

Simulation Testbeds on Toronto




Traffic Simulator

Cueliph Line and Harvest
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Testbed Networks and Applications

_——»

- ——
Large-Scale

A Scalability
Network-wide
Coordination

A Different _
and Different

Approaches
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|solated Intersection
Bay and Front (Downtown Toronto)
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5-Intersections Network
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Large -Scale Appllcatlon In Toronto
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/. Make Conclusions




Large-Scale Application
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Large-Scale Application
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Hardwarein-the-Loop
Simulation (HILS)
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