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Agenda

* |: What is research? The Scientific Research Process

* |l: Why is Research?

* |ll: A Journey of An Applied Scientific Research Example
From Lab to Reality

* IV: When to Start Research?

* V: What do you need to know before starting your

research?

Basics of Scientific Research
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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?

* To develop knowledge for professions.

* To develop effective policies.

* To solve practical problems.

* To make informed decisions.

* Toincrease 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.



lll. 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

“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 (ITS)

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

Applied Scientific Research: From Lab to Field



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 North America
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Issues with Leading ATSC Technologies

Centralized

e Expensive
e Not scalable
e Not robust

A 4

e Relying on an accurate traffic modelling
framework

e the accuracy of which is questionable

Curse of
Dimensionality

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

A 4
r

Human
Intervention
Requirements

e Requiring highly skilled labour to operate due to
their complexity.




4. Hypothesis Construction

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




In a Nutshell

* Grand objective
— Intersections "talk to each other"
— Each is affected by what is happening upstream
— Each affects what is happening downstream —
— Whole network control in one shot from a grand brain is the dream
* lIssue
— Intractable theoretically
— Too complex practically
— Requires massive and very expensive communication
* Solution??
— Decentralized
— Self learning: agents learn to control their local intersection
— Game theory based: agents learn to collaborate
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5. Define Methodology and
Do Experiments

What if things go wrong ?!!

“It’s not that I'm so

e | THINGS
ML S GO WRONG

By DONT GO
WITH THEM

—Albert Einstein



Traffic Signal Control Problem

Markov Decision Process
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Markov Decision Process
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Applied Scientific Research: From Lab to Field

Queue Length

0.3

0.8

0.1



Smart / Intelligent Machine?

— Sense

—{ Interpret

— Learn

— React

—{ Optimize

- Adapt

— Help
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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 DG Stochastic Game

Solution Form Optimal Control Policy Optimal Joint-Policy

Model-Based Dynamic Programming
Algorithms Methods

Game Theory
Methods

Model-Free Algorithms



Corridor Synchronization Vs.
Network-Wide Coordination
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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

—> Scalability
Network-wide
Coordination

- Different
and Different

Approaches
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Isolated 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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7. Make Conclusions




Large-Scale Application
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Large-Scale Application
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Hardware-in-the-Loop
Simulation (HILS)

Samah El-Tantawy Kasra Rezaee Hossam Abdelgawad Tamer Abdulazim Baher Abdulhai
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MARLIN-HILS Architecture

Controller Interface Device(CID)
RS485 to USB

USB -

RS485 -
SDLC protocol

Paramics
Modeller
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Industrial Computer




8. Communicate Results

PRoPoSE POSTERS
N \

. T\V AND/ .
Publish  or Perish
PRESENT -
PocstDo¢c PRODUCE PUD.S
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Writing a Research Proposal/
Publishing a Paper

1. A working title
2. Background of the study
3. The problem statement:

a) The purpose of the study
b) Research questions When to start
4. The scope of the study writing?
The relevance of the study
The research design:
a) Type of study — exploratory or descriptive
b) Data collection methods
) The sampling design
d) Data analysis
Time frame of the study
The budget

9. References

Getting your
paper noticed

o

co

- . ' What to do to
Dealing with enhance your
rejections writing skills?
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MARLIN Featured in Media!

YAHOO’ Che Daily Telearaph

THE, GL@BE AND MAIL g
reddit
> TORONTO STAR 4

Globab

NEWS

ELIAWACEL
dJﬁg-Ul@com

CBC =4 Torontosun.com |
Uol'I'Magazine

RIERIEFNG

Applied Scientific Research: From Lab to Field



Towards System
Implementation
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MARLIN Field Implementation




LLessons Learned for Future
Consideration
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MARLIN Final Edit.mp4

IV. When to Start?
Start as early as possible!

It's not too early or too late to get hands on a
research project that inspires you.

”i!
n3

Under 'grad juate
ResearehiPro gram
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Research for UG

1. Establish yourself in the scientific community .

2. Make connections with faculty and staff.

3. Develop valuable skills.

4. Apply the techniques and concepts you learn in class.
5. Build a well- rounded resume.

6. Be prepared for graduate school.

7. Give you a taste of what a career in science.

8. Help you in your future career.
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IV. What do you need to know before starting your research?

Research Ethics

@ What are Research @ Why are they
Ethics 2 important ?

@ What misconducts
should we avoid?

€) What values should

we adopt?
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Plagiarism

* Thisis the worst thing that can happen to a researcher!
* Deliberate plagiarism is a crime!
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Quote or paraphrase

* You can use the exact words if you are
making a quote (between quotation
marks), otherwise you must summarize/
Earaphrase only after those words have

ltered through your own understanding
of them, then cite the source

* Quote when: the specific words of your
source matter

* Paraphrase when: you are more
interested in the findings/data than in
how your source expressed them
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L essons Learned

* Research Never Ends
— Stay on Top of the Literature

* Passion and Handwork are the Keys
* Adapting toYour Audience

o AcademiaVs. Industry Vs. Government
0 “If Opportunity Doesn’t Knock, Build A Door " milton

Berle
0 Being Out of Your Comfort Zone
o MARLIN is One Piece of the Puzzle
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Thank You

Samabh El-Tantawy, PhD

samah.elshafiey@gmail.com
Assistant Professor
Faculty of Engineering, Cairo University
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