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So, the topic that was given to me is projected here traffic engineering and planning was what
is given to me. I corrected in little bit to call it as traffic engineering and transport planning ok.

Why is it so? Why did I correct it?

No you are not used to answering. So, let us move on. So, what is traffic engineering is they
will edit whatever they do not want from here. So, what is traffic engineering as per your

understanding? I need answers. There is no way otherwise I can teach.



Student: (Refer Time: 00:42).

Traffic engineering.

Student: (Refer Time: 00:45).

Student: (Refer Time: 00:46).

Student: (Refer Time: 00:49).

Student: (Refer Time: 00:51)

Ok, but that what is that lifecycle include different task.

Student: (Refer Time: 01:00)

Student: (Refer Time: 01:02)

Before construction there is one more stage.

Student: Planning.

Yes planning then construction. Ok, good you looked at this slides either ok.
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Google images

Let us come back come back so.

Student: (Refer Time: 01:19)

Stop. So, this is what I got when I searched in the Google pictures Google images what is
traffic engineering. So, I see intersections, inter changes, vehicles moving what else you see.
Then there is one which is having lot of text saying traffic models, traffic control, traffic
monitoring, intelligent transportation systems. So, all these are covered by what we said is

what [ believe.
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Traffic engineering is a branch of civil engineering
that uses engineering techniques to achieve safe
and efficient movement of people and goods -

https:/ fwww.sciencedaily.com

Air Quality

So, let me look at show you the simplest definition I saw in a website this is a very simple
website. It says traffic engineering is a branch of civil engineering that uses engineering
techniques to achieve safe and efficient movement of people and goods. Very simple right and
it conveys what traffic engineering is all about. Its all about moving people and goods from

one place to another.

The major conditions that you add is safe efficient and economic movement. So, thing is what
the traffic engineering is. And why do we do this? There are mainly 3 problems which we talk

about one is congestion, the other is safety, the third is pollution or you know emissions.

So, when you say we have to design this system we are talking about how do we address these

problems or designs the thing such that these problems are minimized. And what is the



problem here when you are trying to minimize some of these or when you look at these

objectives.
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Basics

* Objective
- Moving people and goods
- Safe, efficient and economic way

* Components
- Vehicle
- Pathway
- Human . =

Let me go to the next slide. So, the basic objectives you will see in any textbook any anywhere
you will read is the like safe, efficient and economic movement of people and goods. So, what
is the problem here. I have a problem in this 3 objectives that we are talking about ok. When

you talk about safe how do we make a traffic system safe.

So, usually you talk about reducing speeds right that is how you talk make it is more safe, but
then if you want to make it more efficient what should you do. You have to make them move
as fast as possible right. So, we are seeing some conflicting objectives in the whole process.

That is the that is the difficulty. So, we always look for the optimum way of handling these



problems. How do we make them move fast enough and safe enough, but it is again you

cannot say that average is good enough. We want the minimum accident.

So, we cannot say 50 percent is good enough for you. So, that is one of the major challenges
you will face in your trying to do this. And what are all the components that we are talking
about. There are mainly 3 components one is what we already discussed the infrastructure, the
roadway, the railway, the air airport and all those things. The second is the moving objects
there the vehicles, the train, air plane. So, that is where I am going to concentrate maximum in
this discussion because the infrastructure is something which you already have listened to into
2 different talks. And the third component which is the most complex one is the human
component in it. There is always a driver there is always a pedestrian who is involved in the
system and that component is not under your control. In the sense it is not easy to model it

into your you know equations or anything because human behavior is very complex right.

So, the challenge in terms of modeling this traffic movement once the infrastructure is there
the most complex part is how do we characterize the driver behavior. For example, different
people will be behave differently for the same situations right. So, how many of you have

driving license. You have not is that 2 wheeler at least 2 wheeler at least you have right.

So, you and your friend drives you do not behave the same way when you have the same
situation in front of you. You yourself may not behave the same way for the same situation at
different time periods. So, if you have to kind of capture this behavior into your models it

becomes highly complex right. So, these 3 components each of those how do we handle.

For the other part of a vehicles if you take even if you restrict to the road roadway movement
there are bullock carts, there are 2 wheelers, there are auto rickshaws up to trucks. How do
we kind of incorporate all those different types of vehicles into the design right for
management how will we do that. So, and what you need is finally a system which is as

uniform as possible right.

You do not want different either you do not see different roadway for 2 wheelers and different

roadways for trucks right that is correct. So, the one another challenge which you are going to



see is you have varied components in the sense you have different types of vehicles, different

types of users and you want to provide roadways and the system which is very uniform.

(Refer Slide Time: 06:40)

Transportation Systems - Classifications

* Classification based on many factors such as
- Type of technology
- Type of service provided
- Who operates it

- Medium on which the flow is supported (modes) -
most common

So, how do we handle these challenging problem is one of the problems we will talk about.
So, before getting into how do we do that what are all the classifications of these systems? So,
you classify this system based on what technology you use, what service you provide, who
operates it, what are all the medium. So, each of this do you understand when I say what

mode for example, if its rail versus air versus roadway for example, it is one of them.
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Modal Classification )

* Mode
- walking,
— animal drawn carts,
— bicycles,
- motorised vehicles,
— trains,
— ferry boats,
— ships,
- aircrafts, etc. ’ -

So, by mode you can see these are all the different ways in which one can commute from one
place to the other simplest being walking running whatever you want to. Then there are

different types of vehicles you can roadway vehicles then there are boat ships aircrafts all those

the.
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General Groups

+ Land Transportation
- Highway
— Roadway
- Railway

+ Air Transportation
— Domestic
— International

+ Water Transportation
= Inland
— Coastal
— Ocean

Source: www1.nga.mil

In some way if you group this you can say there are land transportation, air transportation and

water transportation each of those have a bunch of different types of vehicles.



(Refer Slide Time: 07:34)

Another classification
Freight Passenger
Urban Truck Public Bus,
Train
Intercity Truck Private, Public
Bus
Rail Rail
Air Air
Water (Ocean, |Water

Inland water)
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A different way of looking at the classification is urban versus you know inter city travel

freight versus passenger movement. How so each of these have uniquely different ways of

handling.
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Traffic Engineering - Formal Definition

+ Deals with the planning, design, operations and
management of roads, streets and highways, their
networks, and relationships with other modes of
transportation - Institute of Transportation Engineers-
http://www.ite.org

So, these are all different ways of classifying the system. Now coming to the formal definition
of traffic engineering. What we saw was a very simple proved way of starting saying that you

know move people and goods now one place to another.

Here is the definition you will see in any textbook or example and this is restricting it to the
road roadways alone. It says it is planning design operation and management. What he
repeated the is what that formal definition is. So, these are the stages you will go through

when you have to do a complete design or complete system development for transportation.

And each of this terms planning design operations management I even explain in one slide each

of this is a separate course eventually. You have two undergrad level transportation courses



which will cover all these in a very brief way then there are separate courses for each of this

which we will cover the complete details.
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Functional Areas of Transportation Engineering

* Functional Areas
— Planning
— Design - structural and geometrical
— Operations - Control and Modeling
- Management - Traditional and using technology

So, what is planning, what is design, what is operations and what is management. Design is
what you heard little bit already from the other lectures I will believe, it is talked about how do
you design the payment. For example, if there is a traffic law how do you design the road way,

but even before designing you have to plan the system.
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Transportation Planning
+ Demand for transportation is derived.
+ Travel is undertaken to participate in activities such as

— Work, Education, Business, Shopping, Social/Recreational
+ Trips are connected to the land-use and trip purpose.

+ Planning of facilities to serve present and future land
uses - Usually for 20 years

So, why is it important? One characteristics of this transportation is you do not usually you do
not make a trip just for the sake of it. You do not go for a drive whether I early moving one
person you will be just for the thrill of riding a bike or something you enjoy, but most of the
time you are traveling for some other purpose. Either you are going to your class or you are

going to a movie, you are going to visit someone.

So, there is an end reason for you to make the trip. So, that is what is meant by the derived
there is a term called its a derived demand. So, the trip you make is related to some other
activities most of the time it will be socio economic a related things. So, the land use plays a
major role in what trips happen correct. If its a recreational area the trips are mostly to visit

the place. If its a residential area the trips are usually people who want to go to their



workplace or they want go to their collages. If its a shopping area people go for shopping

obvious right.

So, each of this trip is related to the land use of that area. So, the planning part kind of link the
land use to the trips that you make. So, when you say you want to plan something or when
you want to plan a transportation system you start with the land use of the area. So, if let us
say a somebody says that they want to move the capital from Chennai to some other city. So,
you will have to design the entire transportation system there. So, you will start with looking
at different zones in that area, what is the land use of each of that area, then you start
planning. So, how do we do that and usually this planning and design is done for a period of

around 20 years 15 to 20 years.
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Planning - Four step process

+ Trip Generation: How many trips produced from each
origin? How many trips attracted to each destination?

+ Trip Distribution: Trips from where to where?
- How many trips from each origin o each destination

+ Mode Choice: What mode of travel is used? How many
trips by each mode (bus, two wheeler, car, walk etc.)

+ Route Choice: How (specifically which path will be taken
on the network) will a driver go from origin to destination?




So, the planning part has 4 major steps. I am not going to get into the details, but its they are
called trip generations, trip distribution, models click and route choice. So, what we are saying
is first you want to find out how many trips are generated from each place or how many trips
are attracted to each place in the first step first stage. In the second stage what you are doing
is you are trying to say from this zone to this zone these many trips happened. That is the trip
distribution step. Then you are looking at how many of those trips are done in different modes
2 wheelers, how many cars, how many public transport model and the last part is which route

each of these trips happened.

So, at the end of this fourth stage you know from each zone to each zone how many trips
happen by each mode through which route he understands. So, at the end of this you will
know that this route this many 2 wheelers and this many cars have to go. Then you get into
the design where you will use this information to design, what type of road way you need,

how much thickness you should give or material you should use and all go.
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Design

+ Structural Design
— Material characterisation
= Pavement Design
- Pavement Analysis
- construction and maintenance

= Involves different disciplines - Eg. Soil and foundation
engineering

+ Geometric Design
— Sight distance
= Horizontal curves
- Vertical curves
— Camber

So, that is the next stage which is the design. So, there you are looking at how do I define this
system or the road way. So, you will be getting into what I said as the hard side of it.
Basically, you are looking at how do I do the characterization of the material, how do I design
the thickness, how do I check the stress and strain. So, that is generated whether it is safe

whether it will crack all those information you need.

So, this is more of the structural design of the roadway. That is one part. You would have
heard some lectures on structural design of building similar to that you are talking about
structural design of roadway. Once that part is done the other part is the geometric design
where you are looking at how do I design the curves, how do I make sure that the vehicles are
not thrown out when you are negotiating a curve or how do I make sure that a vehicle do not

slip back when they are climbing an uphill. So, you have to make sure it is done correctly. So,



that is a geometric design part of it. As I said each of this is a separate course. Geometric

design of highways is one separate course and is offered from the transportation.
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Operations

* To improve the safety and efficiency of the
highway system through the application of
traffic control devices such as markings, signs,
traffic signals.

So, this is a second stage. So, it was planning design third is what is called as the operations.
How do we control or manage the vehicular movement on a roadway. So, there is no way you
can communicate with the driver. As an engineer you do not communicate with the driver by
calling hey you cannot go this way. So, you need some kind of media to communicate with

your drivers that is what this operations mainly is. It is mostly about sign markings and signals.

You would have seen all of these. So, markings are on the roadway, signboard sit in the
roadside and then signal sits either in the roadside or across the road. So, these three kind of

tell you how you should behave in a roadway. So, the operations usually is how do you design



the signals, how do you make sure the signs are correctly placed and correctly conveying the

information that it should be.
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Management

+ Efficient use of the road capacity by managing
the traffic.

~ lane closure or opening (e.g. HOV lanes, peak
lanes), reverse lanes

- ramp metering, dynamic speed limits

- re-routing, route closure, traffic information
provision

— congestion pricing, electronic toll booths, incident
management ' s

So, it is again separate course which is on signal design, signal analysis and the (Refer time:
14:40). The last part is mostly on the management. Once you have these how do we handle
the traffic skill you know in terms of. Mostly you see this being done in India by the traffic
police right. Suddenly the traffic police decides that this road has to be a one way because
there are there is problem. Ideally it should be done by traffic engineers, but here mostly that
police people do that, but these are different ways in which one can manage the traffic once

you have the roadway done signals in place are done.

So, having said these 4 steps planning, design, operations and management we will mostly

concentrate on the operations and management part. That is what the soft traffic side of'it. So,



you have the planning done signal design sorry roadway design done and how do we make

sure they are moving efficiently right.
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Traffic Flow Modeling

* For effective traffic management, it is
essential that the practitioner works from
factual information

~ Traffic studies
- Traffic flow modeling

» Traffic flow modeling :
* Microscopic, macroscopic, network level
* Empirical, mathematical, simulation based : =

That is what this is. So, one major part is you have to model the traffic. You have to kind of
you have seen you know modeling of different things. For example, rocket; if you have to
design first you start with equations that will design. You will decide how it is going to move,

how it is you know trajectory is going to be all those.

Similar way you have to have models which will characterize how this traffic is going it is. Its
in one way to find out how this traffic is going to behave at different time and different
location. That is that is what the modeling is trying to do. And for doing that you have to
collect lot of information traffic studies will come up and then the modeling part which can be

statistical modeling, it can be mathematical modeling, it can be just data driven models,



empirical models all those. But some way you want to model and the other question is how do
we model this system. There are vehicles then there is all the vehicles moving on the roadway

then there is a city level network.

So, which one you do you model. That is where these terminologies come. There are
microscopic models which are individual vehicles how do they move. The macroscopic models
kind of come out with the equations or ways in which you will know how the traffic as a
whole is moving. Then there is network level in a city level if you want the model you do not
move here at a every (Refer time: 17:04) that is how the traffic is moving. So, how do we do
it at the network level. Each is challenging in it is own way because for example, if you take
microscopic level how one vehicle will follow its leader. Its challenging because it heavily
depends on the human behavior the driver who is sitting in the vehicle. So, how do we include
all these into the modeling and have some reasonably good models is what comes under the

discussion in traffic flow modeling.
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Intelligent Transportation Systems (ITS)

* Operations and management - traditional vs
using technology

* ITS apply well-established technologies in
communications, control, electronics, and
computer hardware and software to improve
surface transportation system performance.

(Source: Perspectives on ITS, J. M. Sussman)

And this is something which is more recent by recent I mean in 70s it started, but still the other
things are 30s. So, 1930s this is in 1970s what is called as Intelligent Transportation Systems
many of you have heard this term I hope. So, what we are talking about is so far whatever we
talked was done in a very traditional way. You know you collect some data by going there

manually collecting, analyze it come out with something.

With the latest technologies in terms of sensors, in terms of communication, in terms of
analysis there are new ways in which you can handle these problems. Whether it is operations
or whether it is management. So, that is what the Intelligent Transportation System is. So, this
is again a textbook definition which says that any advanced communications, control,
electronics, computer related technologies being used in traffic that is what the Intelligent

Transportation System is.
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ITS - Functional Areas

+ Advanced Traveler Information Systems =
- Eg. Route guidance

+ Advanced Public Transportation Systems g
- Eg. Bus arrival prediction

+ Advanced Traffic Management Systems 88
— Eg. Area traffic control

Sensors

Communication

Data Analytics/Modelling
Actuators

So, I will just quickly discuss a little bit on ITS because the latest trends in terms of connected
vehicles, automated vehicles all those comes from this starting point of ITS. So, ITS there are
many examples. Your Google driver assistance is a classic example of a ITS technology. What
do you get there when you are using a Google maps. When you start your drive usually you
do right whoever is driving keep the Google map ready, there this is my origin, this is my
destination which route I should take or how much time it will take right. How is Google
coming out with that information any thoughts? Its they are recording, but that is fine you can

talk.

No thought how is Google coming out with this information that you know this much time it
will take for you to reach this point satellite you. How will satellite get that information. Ok its
all coming from your cell phones ok. If you use your Google map there will be some fine print

somewhere there that your data will be used and many of you are using it. So, they know



roughly what is the traffic situation in that roadway at that time and they have their own
analytics in the background. So, to calculate and tell you this is roughly the time it will take
and this may be the best route to take at this point right. So, there are many examples that you

can you have seen already.

For example, route guidance Google is one example, pictures like or message boards like this
which will tell you which route to take and how much time it will take or bus arrival
prediction, area traffic control signals being advanced the current signals which you see for
example, how static type it always have this much time of green this much time of yellow and
this much time of red. And there are times in which you go there you are in the red the other
side is not having any vehicle, but they have a green right its kind of frustrating. So, how do
you make it advance if you if there is a way to collect the information from each of those legs
and process it and tell this leg there is no vehicles so do not give any green this legs has

vehicles waiting give green.

So, if it can happen in real time that is an example of ITS. So, what it did do. It collected the
real time data, processed it, found out what is the best way to handle it and then change the
signal accordingly. That is a classic example of a it is application right. So, if you look at any
ITS implementation the 4 major components is sensing the data, communicating the
information, processing the information and then deciding what to do or you know actuators

which will kind of give back this information to you.
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System components
¥ Vehicle
v Way
¥ Control
¥ Human

Sensors in each of these components

ITS International

So, this need lot of sensors obviously right. The sensors can be at different places it can be in
the vehicles, it can be in the roadway, it can be in the you know human beings. So, and with
the advancements that is happening there are enough sensors that gets deployed into your
vehicles for definitely there within you for example, your cell phone is a very good sensor it
gives lot of information. Then roadside there can be enough sensor. So, slowly we are also
reaching there. Many other countries already have sensors deployed everywhere and all these
sensors are communicating with each other which leads to what are called out is V2X

communication internet of things you must be hearing all these terms right.

So, every device or every component of this system is now giving information to each other.

They can process this information and know how the traffic is moving.
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Communication

¥ Vehicle to Vehicle i vt

¥ Vehicle to Netwerk ‘ “,P

¥ Vehicle to Infrastructure

¥ Vehicle to Pedestrian =y gty

¥ Vehicle to Devices Vabice o ek Vetice i inbaancare
v v

¥
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http://www.mdpi.com//2073-9292/4/3/380/ht

So, these are different ways in which you can have sensors in a vehicle or a road side. So, as |
said this leads to what are called as internet of things. Communication can be vehicle to vehicle
VtoVtolVtoT. So, in general V to X vehicle to anything communication can happen and
this is the basic component or basic concept from which these connected vehicles. This is one
of the hot topic you will hear connected vehicles. That happens because of all this information

and yes once you have a lot of sensors lot of data.
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Data Analytics and Application

So, you have to get into data analytics. So, a lot of information can be processed. If you ask
me [ am still somebody who believes you know back to mathematical modeling is best, but I
am getting who want to be wrong. There are places where lot of data actually gives you
enough information than a mathematical equation can capture. So, there are cases where lot of
data is available it can make sense. So, there are at least you know Google and all are using

data analytics.
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They have lot of information with them they have just process. They do not try to understand
the physics of the problem. They just look at the data and the behavior and the pattern so that
they will they will be able to give you information. So, as I said this leads to what are called as
the connected vehicles and automated vehicles. You must have read about this Google’s
driverless cars and all those things. There are enough countries where they are already running
in the roads. Will it come to India it needs time needs not affect because we have a very

unique way of driving, but in many other countries we have these kinds of vehicles.
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Indian Context - Smart Cities )

Smart Solutions

http://smartcities.govin/writereaddata/SmartCityGuidelines.pdf ,1
[

So, all these the starting point is having enough sensors and enough communications
happening. That was kind of quickly giving you an overview of various things that can come
up in this traffic engineering and planning site. Having said that I thought I will just tell you

where what is the Indian context to all these.

So, some of you may be thinking why are we talking about connected vehicles and all when
we are still building infrastructure. It can happen in parallel also. So, this is one way of looking
at it you. You again would have heard about the smart city initiative of the current
government previous term itself. So, mobility is one of the verticals under this smart city
initiatives and that is what I have highlighted. They have given some examples smart parking

and intelligent traffic management, integrated multimodal, integration and things like that. But,



it is not that these are all the only things they are interested in anything where you can use

technology to make the traffic move better.
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Smart City - Mobility Features

* Creating walkable localities —reduce
congestion, air pollution and resource
depletion

* Promoting a variety of transport options -
Transit Oriented Development (TOD), public
transport and last mile para-transport
connectivity

* Applying smart solutions to infrastructure and
services in area-based development . -

So, that is where some of these things can make sense. These are some of the details I
collected from that website where they talk about what mobility features they are interested in.
Let us not worry about it. But, what I am trying to say is under this marketing initiatives there

is a lot of interest in terms of having such developments to be there.
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Related activities at TR division, [ITM

Instrumented test bed and
ITS Laboratory

http://eoeut.iitm.ac.in

Evaluation/Development of
traffic sensors

Implementation of an APTS
182.73.235.20/Geotagg

Complete field
implementation of an ATIS

hitp://rtis.iitm.ac.in

And yes I have to do some PR work out further to excite you. So, these are some of the
activities that that have happening in our lab in related to this ITS or traffic operations

management all those.

So, I will just briefly show you some of the examples just to show what you are seniors have
done. Many of the work which I am showing are done by undergrad students. Either as part of
the curriculum mostly they were interested. So, this they start working on it. So, I have put
mainly the activities are we have developed a laboratory which is I will kind show you some
pictures and we have a test bed live test bed from where we are getting data, then we have
developed lot of sensors which work for our traffic conditions, then some of the solutions we

have developed and implemented.
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Tasks

+ Test bed instrumentation and
Lab development

+ Sensor evaluations and
developments

+ Data analysis, Algorithms,
Modeling

+ Development of field
Implementable solutions

So, as I said one of the task I have divided into 4 headings one is the lab development and the
test bed sensors, then data analysis and the solutions that we develop. This is the picture of

our lab. Any of you can come and see the lab when if you are interested we will make sure.
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Why..

* Existing sensors and solutions developed for
western traffic conditions - lane based and
homogeneous

* Indigenous solutions specifically taking into
account Indian conditions
— Heterogeneity
= Lack of lane discipline
— Variability
- Randomness

So, before I get into the details why do we have to do this right? I do not think I have to
explain much you know that our traffic is completely different from what you have seen
elsewhere. And all the models all the solutions that are developed are actually for the traffic
which is lane based and homogeneous. By lane based I mean in one lane you expect only one
vehicle. They move one after the other. They do not move parallelly within the lane which we

happily do.

We do not believe in this you know follow the leader in behavior. We will occupy any space
available. So, it its in one way interesting we are using the whole available space we do not
want to waste anything, but the problem is modeling it becomes extremely difficult because
you do not know how the vehicle is going to behave right. Any gap you see a 2 wheeler fellow

can move in whatever way. So, how do we handle that?



So, any solution that is already available we cannot use. We have to kind of redo the whole
thing to meet this requirement of lane less movement. The other is heterogeneity. We have all
types of vehicles there are some 16 different types of vehicles that can be running on our
roadways. So, the typical US road if you look you have cars, you have truck that is all. Very

small percentage of truck maximum number of cars.

So, its again very simple way of handling. So, as I listed heterogeneity is one challenge. Plain
discipline is another these two together gives you enough uncertainty, randomness to any
model which you develop should actually be handling the randomness than the actual
behavior. So, your things should be able to take into account this (Refer time: 28:41) demo.

So, this you do not need you know what plane discipline is.
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So, why I said that is many of you otherwise may wonder why should you do this. This is
already done in other countries right. Most of these solutions or most of these things already is
happening why do we have to? Because we have a unique way of handling. So, as I said we
have a lab and the test bed. Lab is just a place where we are receiving all the data. The test bed

is the interesting part.

So, we have a 15 kilometer corridor around IIT SP road IT corridor. You may not be
knowing at least some of this Chennai’s will know. So, the its all the roads outside which are
surrounding the IIT campus the IIT is actually. So, and we have kept enough sensors in those
roadways. There are some I have the details. So, this is the first time an academic institution
did that actually even non-academic institution places where they do not have it. So, we have
real time data coming from field, we are processing it, we are having algorithms running

solutions being given back to the users.
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G
FIELD IMPLEMENTATIONS ')
v'300 + GPS in MTC buses
¥'32 video cameras

¥ mid-block and intersections

¥ wireless comm. to central
control center

v 6 Variable Message Boards
v Other sensors

So, the complete cycle we have implemented in a this small corridor. What are all the sensors,
we have around 300 MTC buses with GPS sitting and sending the data to our lab every 5
seconds or 10 seconds. We have around 32 video cameras relaying their feed to our lab. So,
then we have message boards which we have installed in the field which gives information

back to the users and there are other several sensors which I have enlisted.
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Development of New Sensors

* Inductive Loop Detector
* Bluetooth/wi-fi Sensor
* Image processing

All of them are sitting in the field and sending us data. And many of the students were
involved in developing sensors. So, this is not purely a civil engineers work alone. We
collaborate with electrical engineers, mechanical engineers, engineering design and I have a

slide showing all the collaborator. So, we work.

So, I usually joke about this if you some of you may be you know feeling very bad that you
wanted to be an electrical engineer or computer science engineer and you ended up in civil
these are ways in which there is no fixed territories these days. Its all inter disciplinary.

Nobody stops you from working in any of the topics you want.

So, this is one of the areas in which a lot of my students work with electrical engineering

faculty. Developing sensors we have developed these four different sensors which are working



and giving information in a much better way than any of the available sensors. Details I do not

have time.
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Database

GPS - Every 5 sec

+ Other sensors - every 1 minute or
vehicle by vehicle - 24X7

* Video - live streaming

+ Social Media/Crowd Sourcing - _
Activity based -

+ Data storage - SQL

So, I am not getting into. So, obviously we have a good database lot of in a data that is

coming from all these sensors.
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Communication

+ Wireless data transmission - 5.8 GHz

— Line of sight required and limited
distance

+ GPRS
+ Cabled connection

+ 26/3G

And communication we are using various technology GPRS, wireless data transmission,

regular wired connection, 2G 3G modems etcetera.
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(%)

Models
* Visualizations e s .
* Quality Control - Qutlier removal, : -. |
imputation, smoothing e
+ Statistical analysis N
+ Empirical/Data driven Models "+

* Mathematical Modeling
* Big data analytics

Lot of modeling that happens which again I cannot get into the details, but starting from very
simple empirical models to you know mathematical models to data analytics all are happening.

So, depending on your interest you can pick what you want to try out and then you will give.
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P
Applications i)

BusPorial [r—

* Bus tracking system _' f-

* Bus arrival prediction system m

* Dynamic trip planner '

* Route planner

© Departure time planner ~ _____

* Automated tolling solution - gor———— mw

* Advanced traveler information system -,_-:

+ Congestion prediction system =[S B

+ Automated red light violation detection = f =
= = ¥

Some of the applications which we have developed include the bus arrival prediction system.
What you see the picture there is actually a live system where you can go click on the route
number it will show the bus stop you can click on the bus stop it will show when the bus will

come.

So, if there are multiple bus route it will show these are all the route numbers which one you
want we can click and it will show. So, there are many solutions that were developed of

sensors. Most of them are undergrad students work.
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Challenging Problems

+  Advanced transit operations solutions
— Dynamic Scheduling, bus priority at signals
* Multi-sensor data and big-data analytics
~ Crowd sourced-GPS, ETM, Fuel and emission data
+ Mobility As a Service (MAS) = Uber, Ola, ...
+ Personalised traveller information system

— Vehicle Type Specific Information, Eco-driving, departure time, and
route advisory

+  Multimodal Integration = last mile connectivity
+  Dynamic Congestion Pricing
+ Advanced Driver Assistance Systems [ADASs)
= Collision warning System and collision avoidance systems
+ Connected vehicles and Autonomous vehicles
+ loT for Freight goods - timely delivery and transparency =

And I will stop with what are some of the challenging problems which are often which if you
get into the civil one you can work on. For example, dynamic scheduling no city is doing that.
They all have this fixed schedule. Saying every 20 minutes one bus have to leave or every 30
minutes one bus has to this will sense. Peak hour you may need more off peak hours you do

not need.

So, how do you handle this on a dynamic way depending on the actual traffic situation how
will you schedule? Each of this problem as I have a listed is a interesting often problem which
can be worked on. Mobility as a service for example, this Uber, Ola kind of system. It works
completely different from a bus completely different from a traditional taxi service. So, how do
we handle their scheduling? The routing thing how do we do that all those are as I said

interesting problems.
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Organisational issues

+ Highly multi-disciplinary - requires unprecedented levels of
cooperation and coordination between agencies to take it to field and
show real world success.

Difficult transition - From conventional Civil Engineering technologies
of structures, materials, geotechnical engineering and project
management, to electranics, information systems, communications and
SENsors.

Substantial leadership required - to implement such projects as an
integrator of transportation, communications and intermodalism

I do not know whether. I will skip this as an undergrad student may not be of interest you. It
basically I was trying to tell what are all the challenges if you want to do this. One main
challenge as I said is it is not traditional civil engineers topics any more you have to work with
multiple domains. So, it is very interdisciplinary in nature and it is very difficult to transition

and that needs (Refer time: 34:01) ok.
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Faculty Members

+ CE + EE

~ Bhargava Rama - Boby George

~ Gitakrishnan - Kaushik Mitra

— Karthik Srinivasan — Gaurav Raina

= Lelitha Devi = Krishna Jagannathan

- Sivanandan + D

- Shivanagendra — Shankar Ram
+ (S o MS

- B. Ravindran - Saji Mathew

= LA. Prashanth — C.Rajendran
+ CH ~ Nandan Sudarsanam

— Arun Tangirala

So, that is the last slide. As I said we collaborate a lot in terms of bringing all these solutions.
We can feel civil engineering, computer science, chemical, electrical engineering design
management studies. So, various faculty members we work with. So, as I said it is it is

something which if you wanted to be in a different department because there here is a way you

can still manage that.



