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Abstract
A traffic simulation model with detailed simulation and realistic 
rendering serves the purpose of global traffic prediction as 
well as individual driver behavior analysis. Though there has 
been research in traffic simulation for years, the focus has been 
mainly on centralized approaches. The main drawback with the 
centralized approaches is that they are quite intractable, unstable 
and unrealistic. Recently many decentralized models are developed 
to reproduce global parameters like traffic flow rate from collective 
behavior of intelligent agents. But decentralized approaches which 
simulate local parameters like individual speed preferences do 
not consider the lane-less chaotic traffic existing in most Indian 
roads.  They do not provide sufficient details for realistic rendering.   
As of now, there are no detailed simulation models available for 
realistic rendering that captures the essential features of Indian 
traffic scenario.
The proposed work tries to avoid the above mentioned problems 
and aims to develop a decentralized system for detailed simulation 
and realistic rendering of Indian traffic.   Some of the nationally 
significant applications of the proposed tool are urban planning, 
training novice drivers and serving as a test bed for new traffic 
implementations apart from games and entertainment.
 From fig. 1, it can be seen that research in traffic monitoring and 
simulation was started a century ago.   Over the years, advanced 
techniques such as loop detectors and sensors have refined the 
traffic simulation models.  Recently with the availability of devices 
and tools to capture and process real-time videos, there are new 
inputs to the learning algorithms used in traffic simulation. Loop 
detectors and road-side cameras are known to provide global 
traffic information such as vehicle type and density in a road, 
traffic jam and queue length at traffic junctions.  But they are not 
sufficient to develop detailed simulation models which require 
realistic rendering. Though vehicle velocity may be measured 
using vehicle mounted devices, that alone is not sufficient for 
the task. We need to learn the driver actions with respect to the 
acceleration and break controls to simulate the realistic path of 
the vehicle on the road. This emphasizes the need to use vehicle 
mounted cameras for capturing vehicle traffic on a road. 
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A.Technical Details
A traffic simulation system is called microscopic when it simulates 
each individual agent, whereas, it is macroscopic when a centralized 
model simulates all the agents.  The proposed traffic simulation 
employs the Artificial Intelligence (AI) Techniques such as Action 
Planning and Reinforcement Learning (RL).
1. Path planning is a widely explored AI concept where paths 
are usually represented as graphs and the shortest path to the 
goal is searched using heuristic methods. Action planning is a 
more general search problem where heuristics guide a search 

in the action space for the best actions that progresses an agent 
towards the goal. RL refers to a collection of learning algorithms 
that provide solutions to stochastic sequential decision tasks with 
scalar evaluative feedback known as reward.  RL algorithms learn 
how to map situations to actions in order to maximize a numerical 
reward signal. The learner must discover which actions will yield 
the maximum reward by trying them. The actions affect not only 
the immediate reward but also the next situation the learner is 
exposed to. Therefore, the RL algorithms, typically, are designed 
to operate on-line and in close interaction with the environment.  
In this work RL is used to capture the behavior of the driving 
agent in the simulated traffic system.
Vehicle mounted cameras offer video information about the 
neighboring vehicles in the driver viewable region of the road.  
It is a challenge to code the vehicle track information in the 
form of images as action states into a learning algorithm that 
would augment a moving agent with real-time action decision 
information.

II. Introduction 

A. Origin of the Proposal
Urban traffic in India is becoming more and more dense and 
hazardous with the ever increasing vehicle population and 
aggressive behavior exhibited by inexperienced drivers. Though 
government is investing a lot on urban planning especially in new 
roads and regulations, most are based on manual observations. 
Earlier models of traffic simulation were centralized approaches 
reproducing limited features like traffic flow rate. The main 
drawback with this approach is that they are quite intractable, 
unstable and unrealistic. Even decentralized approaches which 
aim local parameters do not consider the lane-less chaotic traffic 
existing in most Indian roads. We are not aware of any model 
available which can be successfully used to test a traffic signaling 
algorithm in Indian road. Nor do we find any detailed model 
correlating driver aggression level, experience and road geometry 
to accident data. This is also due to the practical difficulties that 
exist in collecting relevant traffic data. We try to surpass this 
difficulty using vehicle mounted cameras.
This proposal is towards augmenting the agent path planning 
module with a reward based action learning module which is 
trained from real-time traffic data captured using vehicle mounted 
cameras. 

B. Definition of the Problem
This work is focused on 1) Simulating urban traffic in India by 
learning behavior parameters of individual agents in a collective 
environment that is fine tuned to match and reproduce global 
traffic parameters; ii) Analysis of driver behavior by simulating 
thousands of vehicles for realistic rendering in immersive virtual 
environment.
The tasks identified for solving the proposed problem are listed 
below:
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Development of an agent based simulation to learn local 
parameters like aggression of drivers, individual action choices 
(like overtaking) and speed preferences which emerge in to a 
collective behavior of agents on road.The developed model has 
to be validated by reproducing global parameters such as delay 
time, travel time etc., which are very important in applications used 
for urban road planning and regulations. Understanding driver 
behavior in Indian Roads by rendering the realistic simulation 
in a virtual environment.Camera based vehicle tracking and 
information capture system.

C. Objective
The objectives and the tasks identified for solving the proposed 
problem are listed below:
To identify model Parameters that can be learnt from the 
existing video data; capture more data if required.To learn the 
local parameters that govern individual vehicle behavior and to 
reproduce the global simulation parameters like delay time in a 
road, total travel time, traffic density etc.
Realistic rendering of simulated vehicles in real time.Development 
of an agent based simulation to learn local parameters like 
aggression.Studying a driver behavior on an urban road.

III. Review of status of Research and Development in 
the subject

A. International Status
The earliest published work on traffic simulation dates back 
to 1935 when Greenshield used speed density relationship to 
reproduce realistic traffic simulation. Simulation tools that came 
in to existence in the early 90’s were mainly developed by the 
Universities funded by the Transportation Authorities of Sweden, 
Finland and Germany who are continuing to be the top contributors 
to road investment strategies [1-2,5]. Thus naturally the tools 
which are widely available cater to the lane traffic scenarios that 
exist in these developed countries.  These models cannot be used 
in Indian scenario where traffic is lane less and aggressive. In the 
figure [1] the dark circles indicate centralized simulation models 
called macro simulators. The blue circles indicate decentralized 
simulation models called micro simulators catering to urban lane 
traffic. The red circles are the very few lane less traffic models 
that exist, but are limited to deal with a single vehicle on specific 
aspects of the road while using ITS (Intelligent Transportation 
Systems) or ACC (Automatic Cruise Control). The dotted lines 
denote the evolution of some of the centralized simulation models 
to fit decentralized approaches.

B. National Status
In India microscopic traffic simulation models have been studied by 
the transportation engineering faculties for traffic flow modeling. 
This has been widely used to correlate the traffic density to traffic 
flow which defines the congestion problem. Local parameters such 
as overtaking action, preferred speed and acceleration chosen have 
been learnt, but only at an approximate level with not enough 
details for realistic rendering. Cellular Automata [5] has been 
applied to model vehicle motion as hops on grids representing 
the road. There has been less effort to calculate the actual vehicle 
trajectory in these cases. They do serve the purpose in studying 
global traffic parameters like the average delay time and traffic 
density. But they can never be visualized. They also do not consider 
the vehicle dynamics or the road geometry.  In short they can 
never detect collisions occurring in real time traffic and hence 

cannot modify acceleration accordingly.  As a result these models 
may not be used to study the behavior of individual drivers even 
though they simulate the behavior of each driver to achieve the 
global parameters. One important claim they have for not going 
for accuracy is computational complexity involved.  But with the 
advent of advanced multi-cores and multi-processors it is worth 
exploring ways to obtain more accurate simulation models. 

Fig. 1: Time Chart of Various Traffic Simulation Models Available 
in Literature [6]

Multi Agent Simulation models [3], have been studied giving 
emphasize on individual driver behavior.  But they have based their 
models on hard coded rules which gives less room for learning 
and hence validation.

IV. Importance of the Proposed Project in the Context 
of Current Status
With the advent of advanced multi-cores and multi-processors it is 
worth exploring ways to obtain more accurate simulation models. 
This is one of the few attempts to validate a detailed microscopic 
model for realistic traffic renderer with global parameters which 
are normally used to characterize traffic in urban scenario. In 
addition to realistic rendering, a virtual immersive environment 
for studying driver behavior in simulated road has been 
proposed.
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