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Research & Consultancy Projects
Sustainable urban transport in less motorised countries: research and
education
Sponsor: Volvo Educational Research Foundations, Sweden
Project team: Dinesh Mohan, Geetam Tiwari, Anoop Chawla, Sudipto Mukherjee,
S.R.Kale, Sanjeev Sanghi, Puneet Mahajan, Niladri Chatterjee
Objective: To develop resources and expertise in the control of adverse health
effects of road transport in as integrated a manner as possible and wide
dissemination of this knowledge. This process involves: (a) prevention of pollution
or crash from taking place; (b) controlling the effects of emissions and minimizing
injuries once people use motorized modes and crashes occur; and (c) management
of adverse health effects when they do occur.
Establishment of Centre of Excellence (CoE) in the area of urban transport
Sponsor: Ministry of Urban Development, Government of India
Project team: Coordinator TRIPP
Objective: The CoE will form part of a collaborative network set up by Ministry of
Urban Development in support of its programme on urban transport at the national
level. The Centre will participate in the strengthening of country resources, in terms
of information, services, research and training.
Pedestrian safe public transport systems: infrastructure, operations,
vehicles, policies and legislation
Sponsor: Volvo Educational Research Foundations, Sweden
Project team: G. Tiwari, S.Mukherjee, N.Bolia, A.Chawla, K N Jha, D.Mohan, S
Sanghi, P. Mahajan, N. Chatterjee, K.R.Rao
Objective: (I)Develop pedestrian accessibility assessment tools and demonstration
projects to assist city authorities and public transport companies to identify priority
location for creating safe and comfortable pedestrian access to public transport
stops. (II). Develop city, state and central level legislation to ensure implementation
of pedestrian priority designs and traffic management strategies. (III) Develop road
map for pedestrian compliant safety standards for vehicles in consultation with the
automobile industry.
Estimation of emissions and fuel consumption of in-use vehicles in different
driving conditions
Sponsor: Petroleum Conservation Research Association (PCRA), India.
Project team: Geetam Tiwari, Dinesh Mohan and S.R. Kale
Objective: Estimation of emissions and fuel economy on the basis of an average
Indian driving cycle amongst different city sizes both in terms of infrastructure
design and modal shares, and estimate emissions and fuel economy of different
vehicles which are operating in this environment. A detailed methodology to
document variation in traffic environment in a city (Delhi), and a methodology to
select vehicles representing the vehicular fleet of the city will be developed.
Vehicles thus selected will be tested on a vehicle dynamometer to estimate
emissions and fuel economy. The project is expected to assist in better estimates of
vehicular emissions in cities. It will also assist in estimating the impact of various
traffic management strategies on vehicular emissions and fuel economy, and
thereby help authorities in meeting local, national and international goals of
emissions, fuel economy and ambient air quality.
Safety assessment and risk management for Patna river front development
project
Sponsor: Bihar Urban Infrastructure Development Corporation.
Project team: G. Tiwari, D.Mohan, K.N.Jha, K.R. Rao and G. Agrawal
Objective: (i) Safety assessment demonstrating the carrying capacity of the

proposed riverfront design and its accesses with the projected demand, analysing
structures and accessibility
(ii) Preparation of guidelines to be followed during operation of the river front to
manage risks and safety hazards
(iii) Development of a risk management plan based on crowd modeling(movement
and gathering of people under different scenarios) exercise to predict crowd
movement during festivals.
Driver behavior study in India
Sponsor: Nissan Motor Co Ltd., Japan.
Project team: Dinesh Mohan, Geetam Tiwari, Sudipto Mukherjee and Subhashis
Banerjee
Objective: 1.To understand driver behaviour characteristics in India to help
introduce advanced driver assistance systems. 2. Clarify acceptance and
characteristics of the systems that are under development and would be introduced
to India. 3. Extract features of peculiar driver behaviour and seek opportunities of
unique support function for India.
Select study of urban freight in Delhi
Sponsor: Volvo Research and Educational foundations (VREF), Sweden.
Project Team: Nomesh Bolia, Geetam Tiwari and Jose Holguin. Veras
Objective: The project address two objectives: to characterise the demand for
freight transport in Delhi by developing travel demand models to estimate the freight
trips and secondly, to analyse the impact of delivery restrictions that are imposed
and comprehend the effectiveness of such policy measures. The first objective
entails developing freight trip generation and freight generation models based on
establishment surveys for over 2000 establishments located in the NCT of Delhi. In
addition, the interstate traffic that contributes to urban freight will be ascertained
through cordon counts and driver surveys. The study on impact of delivery
restrictions includes conducting interviews with different stakeholders and standard
decision making tools such as ABC analysis suitably designed for this context. In
addition to this analysis and these recommendations, there will be a heightened
awareness among various stakeholders, particularly decision makers, surrounding
sustainability and the effeciency of freight operations so that further studies and
implementation of the desired measures are initiated.
Review and evaluation of traffic impact assessment (TIA) of transit oriented
development (TOD) influence zone plan
Sponor: Shakti Sustainable Foundation, India
Project team: GeetamTiwari and Kalaga R. Rao
Objective: In light of the Delhi government’s efforts to put in place an effective TOD
policy and preparing TOD influence zone plans for selected MRTS corridors, it has
become very important to assess the policy impacts on our urban environment.
TOD policy states that influence zone plans will include guidelines for urban design
framework, traffic impact assessment (TIA) economic viability, etc. For analysing
the impact of built form variable on travel behaviour a TOD TIA model was
formulated jointly by F&P, USA and DIMTS, New Delhi. Understanding the
importance of such an exercise, we are conducting an independent evaluation of
the process and the model. Additionally, we are also briefly looking at the current
data management practices of state road transport undertakings (SRTUs).
The main objectives of the study are I)To review and evaluate the base TOD TIA
model based on analysis of impact of mixed land use and built form on travel
patterns. ii) Review of data maintenance practices of ASRTU and preparing a
roadmap for improvements in the future based on international best practices.

Continued on page 4

The Transportation Research and Injury Prevention Programme (TRIPP) at the Indian Institute of Technology Delhi, is an interdisciplinary programme focussing on the reduction of adverse
health effects of road transport. TRIPP attempts to integrate all issues concerned with transportation in order to promote safety, cleaner air, and energy conservation. Faculty members are involved
in planning safer urban and inter-city transportation systems, and developing designs for vehicles, safety equipment and infrastructure for the future. Activities include applied research projects,
special courses and workshops, and supervision of student projects at postgraduate and undergraduate levels. Projects are done in collaboration with associated departments and centres at IIT
Delhi, government departments, industry and international agencies.
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Excerpts from:
AN EXEMPLUM AND ITS ROAD SAFETY MORALS
Ezra Hauer
The epidemic of traffic accidents is not like that of cholera. There is no single
agent in the form of the vibrio cholerae, there is no contaminated pump on
London's Broad Street, nor is there a simple and decisive remedy such as
removing the handle of the pump. This is why the search for causes may not hold
the promise of unexpected discoveries leading to novel, cheap and effective
interventions. First, having defined cause as something that alters probabilities
of outcomes makes 'causes' a necessary part of accident prevention and safety
management; only by altering causes can one prevent future accidents or
ameliorate their consequences. Second, because our business is prevention,
and because prevention requires the alteration of causes, only those causes
that can be reasonably altered by a human action are of interest to us.
Third, while all causes are present just before the accident, the actions that bring
the causes into existence occur at various times. Causes such as inattention or
risk taking materialize just before the crash, helmet or seat-belt wearing are
decided on at the beginning of the trip, alcohol consumption before that, and
decisions about the bike-lane design or whether the car has a collision warningsystem are made a long time before the crash. To prevent an accident one alters
the causes when they come into existence. It follows that opportunities for
intervention occur along the entire time axis.
Fourth, since causes of interest are only those that can be altered by human
action, the human actors behind the causes belong one of two groups. One
group is made up of people present at the scene of the crash: the driver, the rider,
the pedestrian. The other group consists of the planners, engineers, vehicle
manufacturers, politicians, etc.
Fifth, there is nothing in the definition of a cause of interest that makes it age or
become obsolete. Sixth, in the definition of cause there is no intrinsic gradation
making one cause primary or critical and making others secondary or merely
contributory. If these observations are valid then there is a potential problem.
Crash causes that came into existence in the more distant past tend to remain in
the dark. The danger is that attention and resources go to a specific subset of
safety management actions while another set of potentially effective safety
management opportunities is systematically missed.
Accident causation and prevention are related but are not the same. One can
plausibly argue that the identification of accident causes is a necessary first step
for accident prevention. One can also perhaps claim that a better understanding
of causation might occasionally lead to novel ways of preventing accidents. For
both reasons accident causation has been and still is a subject of research.
Because cause precedes effect, research about accident causation of necessity
adopted the backward looking stance: an accident occurred - what were its
causes? When answering this question investigators and researchers tended to
see as causes the actions of those at the scene. Circumstances which while
present at the scene were created in the distant past, were seldom considered a
cause.
What explains this habit is not clear to me. Perhaps it is that till moments earlier
the crash still could have been averted had only the actors present behaved
differently. In any case, the upshot is that the cause of most accidents tends to be
ascribed to the action of those at the scene. since causation and prevention are
not the same, a study of causes cannot attain such a goal; it can only:
(a) Shed light on some heretofore unidentified causes or on factors that may
have not received sufficient attention;
(b) Furnish a part of the data needed to determine the scope for and,
occasionally, the potential effect of various interventions.
Most often recognized as ‘cause’ and ‘reason’ were dozing, inattention, fatigue,
alcohol or prescription drug use, following too closely, and the like. These must
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have been thought alterable by plausible human action; witness existing
programs such as Driver Education and Licensing, Hour of Service Regulations
and DUI laws. Also recognized as causes and reasons were slick roads,
pavement edge drops, missing signs, brake failures, degraded tyres and the
like. These too must have been thought alterable by plausible human actions in
view of existing programmes such as Road Maintenance and Truck Fitness
Inspection.
The damage is done by singling out one cause or reason and calling it by
evocative names such as 'probable cause' and 'critical reason', by making it
seem as if accidents were overwhelmingly caused by the at-the-scene road
users and that the decisions by the not-at-the-scene actors, the planners,
engineers, vehicle manufactures and politicians play only a minor role in
accident generation and, by implication, that these decisions do not merit much
attention.
The at-the-scene group of actors - the driver, the pedestrian and the bicyclist are responsible for their part in crash causation, they need to behave safely. By
the same token, the not-at-the-scene group of actors - the planners, engineers,
vehicle manufacturers, politicians, etc. – they are responsible for what they
contribute to accident causation by their actions; they have to transparently take
into account the road safety consequences of their choices and decisions.
When the 'State' does not acknowledge its responsibility to transparently take
into account the safety consequences of its actions, when it is inclined to shift the
responsibility onto the road users, the professionals are between a rock and a
hard place. They have a choice between personal and professional integrity on
one hand and their livelihood on the other. The corrosive effect of this cognitive
dissonance can be avoided by ignorance; it may be better not to know what are
the safety consequences of their decisions. This can be achieved by not reading
the literature and by not describing safety consequences in guidance
documents.
The public is unaware of this problem. Beside the blame-the-driver drumbeat,
there is also a more subtle reason for the public's misapprehension. In most
engineered products failure is both rare and visible but when it comes to the
design and operation of roads, failures of safety are not self-evident. Since on all
roads some crashes are expected, their occurrence is not automatically
construed to be a 'failure'. Whether there it is failure or not is a matter of degree.
Moreover, in most cases it would take an inordinately long time for sufficient
crashes to occur for 'failure' to become noticeable. Because one cannot see the
safety consequences of engineering action except by painstaking and long-term
research, there is no practical professional accountability. This helps to excuse
ignorance.
The question of who has control over which causes is central to determining who
should do what about the misery that comes from road accidents. The answer is
simple: the at-the-scene group of actors need to behave safely; the not-at-thescene group of actors have to transparently take into account the road safety
consequences of their choices and decisions. In the design and operation of
roads engineers tend to rely on manuals, standards, warrants etc. The
assumption is that by following these the safety consequences of their decisions
are appropriately accounted for. I think that so assuming is unwarranted and that
the safety of roads designed to standards is largely unpremeditated.
The road system and its safety are shaped by professionals. When the 'State'
embraces its responsibility to road safety, professionalism can bloom. When the
'State' is unwilling to recognize that what is does determines our road safety
future, the professionals in its employ face a dilemma. Their personal integrity
and professional code of ethics demand that public safety be of paramount
concern; their livelihood demands loyalty to the employer and discretion.
In this circumstance it is best for the professional not to know what the safety
consequences of their decisions will be and to believe that reliance on guidance
documents is sufficient; it is not. I think that if the public was aware of this state of
affairs it might insist on change.
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LEGISLATION, ENFORCEMENT AND EDUCATION FOR TRAFFIC SAFETY: A
brief review of the current state of knowledge
Rune Elvik
This paper is intended to give a brief overview of the current state-of-the-art with
respect to the effects of legislation, enforcement and education as road safety
policy instruments. Key questions addressed in the review include:
What types of road user behaviour are regulated by means of legislation, what
types of behaviour remain unregulated? What can we learn from the history of
road safety legislation with respect to changing road user behaviour and reducing
the number of accidents and injuries?
How do legislation, enforcement and sanctions interact in bringing about changes
in road user behaviour and in traffic injury?
Why are laws never one hundred percent effective in solving a problem and what
can be done to make them one hundred percent effective?
What are the effects of educating road users? Why have most educational
measures had limited success and how can they be made more effective in
improving road safety?
Until the energy crisis in 1973, quite a few European countries did not have speed
limits at all, at least not in rural areas. Today, few people believe that this could
really be the case, but it was. There was a free choice of speed. In many countries,
until about 1970, there was also a free choice about whether to drink and drive.
Well, strictly speaking, drinking-and-driving was not allowed, but the legislation
made effective enforcement almost impossible. In the first place, the police could
normally only stop a driver if they suspected him of drinking and driving. If there
was nothing peculiar about driving behaviour, there was no legitimate reason for
suspicion. In the second place, the police had to prove that the driver was
impaired. This involved various assessments of behaviour that were often
contestable in court.
Nowadays, the freedom of road users to make their own choices has been
circumscribed and many motorised countries have legislation that lays down:
•Permitted driving speeds. There are speed limits everywhere, except on German
motorways.
•Use of protective devices. Wearing seat belts is required in very many countries.
Using motorcycle helmets is still voluntary in some places (see below).
•Drinking-and-driving. All highly motorised countries have per se laws, i.e. laws
stating that a driver is regarded as drunk if blood alcohol concentration exceeds a
certain value (0.05 percent is the most common).
•Use of daytime running lights. Some countries require motor vehicles to use
headlights at all times.
Following the creation of the National Highway Traffic Safety Administration in
1966, many safety initiatives were launched and states were encouraged to make
the use of crash helmets mandatory for motorcyclists. Most states complied.
There was a dramatic decline in the number of fatalities per registered
motorcycle. After a few years, opponents of these laws gained the upper hand and
several states started to repeal the laws. Helmet wearing declined and motorcycle
fatalities increased. Most of the safety benefits of mandatory helmet wearing were
lost.
There are two main lessons to be learnt from this example:
1.Introducing a law can lead to a large improvement in road safety.
2.If the law is repealed, a large part of the safety improvement may be lost.
Laws do not therefore necessarily lead to learning or to changes in behaviour that
are sustained permanently. As soon as motorcyclists were allowed to take off their
helmets, many did so, although both scientific and anecdotal evidence should
have convinced motorcyclists that wearing helmets improve their chances of
surviving an accident or getting less seriously injured.
The law on drinking-and-driving was passed in Great Britain in 1967. This law
made it illegal to drive with a blood alcohol concentration above 0.08 percent.
It is seen that the number of fatalities and serious injuries dropped sharply when
the law took effect. It is also seen that there was a rather quick rebound. The
number of fatalities and injuries started to increase again almost immediately after
the sharp drop. The increase did not quite eliminate the initial safety effect. It did,

however, reduce it considerably. There was too little enforcement. Drivers soon
discovered that the risk of being detected was low. The effect of the law was then
eroded. The lesson from this, which is the third lesson from using legislation to
improve road safety is:
3.To sustain the effects of a law in the long term, it must be effectively enforced.
A compromise chosen by many states was to pass a law, but only allowing
secondary enforcement of it. Secondary enforcement means that a driver could
only be given a traffic ticket for not wearing a seat belt if another offence had been
committed. The police were not allowed to cite drivers if their only violation was
not wearing seat belts. Secondary enforcement was, predictably, not very
effective.
4.For a law to be effective, there must be a sanction for violating the law. Without
a sanction, the law cannot be enforced.
5.For a sanction of violations of a law to be effective, it must be possible to apply
the sanction whenever the law is violated. Sanctioning should not depend on
having violated a different law.
A study by the Norwegian Traffic Police (Pasnin et al. 2009) shows that a high
percentage of drivers involved in fatal accidents have a criminal record. The
criminal record included not just traffic offences, but other types of crime, like
burglary, violence, rape, drug offences, and so on. While not all drivers involved
in fatal accidents had a criminal record, it is clear that they were hugely overrepresented. This leads to the sixth and final lesson about road safety legislation:
6.No law is ever 100 % effective. Every society has a group of hard-core criminals
who will not comply with laws. This group is likely to be over-involved in
accidents.
Laws do not enforce themselves. Indeed, were that the case, the laws would not
be needed, as road users would then adopt safe behaviour without being forced
to do so by means of law. Enforcement is therefore very important for maintaining
the effects of laws
1.The effects of enforcement are transient. When enforcement ceases, its
effects disappear quickly.
Road users adapt their behaviour to even minor changes in enforcement.
2.The current level of enforcement maintains the current level of safety.
3.When enforcement is reduced, violations and the number of accidents
increase.
4.When enforcement is increased, violations and the number of accidents are
reduced.
5.Road users react to even small changes in the level of enforcement.
6.There are greater changes in behaviour and accidents when the risk of
apprehension is high than when it is low. This explains why speed cameras are
more effective than traditional police enforcement.
One group of novice drivers had been given skills training to make the driver as
skilled as possible in braking and performing an evasive manoeuvre. The other
group had been instructed that this task was very difficult and that they could not
necessarily be expected to perform it successfully. The two groups then
performed an evasive manoeuvre on a test track. Actually, the group that had
been taught to master the skill and who erroneously believed that they did in fact
master the skill, did a little worse on the task than the group who had been taught
to have more modest expectations about their own performance drivers regularly
overestimate their competence.
The following lessons are proposed with respect to driver training:
1.Training novice drivers advanced skills that are rarely practised in traffic may
generate overconfidence that increases the number of accidents.
2.Imposing restrictions on novice drivers, which prevent them from driving in
difficult conditions is associated with a reduction of the number of accidents.
3.Lowering the age for driver training, permitting novice drivers to drive more
kilometres before getting licensed may reduce the number of accidents.
In general, learning is very influenced by motivation. If something does not
interest you, or if you think, correctly or not, that you already know it, you will not
make the effort to learn more. An important part of the task of any teacher is
therefore to make learning fun.
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Continued from page 1
Indicators of reliability and variability of BRTs/bus systems (INDIRA B)
Sponsor: CEFIPRA (Indo French Centre for Advanced Scientific Research)
Project team: Geetam Tiwari and K.R. Rao
Objective: This project includes major interventions at two levels - product and
process. The product involves use of Intelligent Transportation Systems (ITS)
technology, for developing performance indicators for Bus Rapid Transit (BRT)/
bus systems. At the process level, the aim is to improve the operation of BRT by
means of branching modules, dealing with new indicators in an existing
management system exploiting an existing real time data acquisition system
(AVLS).
The three partners in this work are: COSYS of IFSTTAR (The French Institute of
Science and Technology for Transport, Spatial Planning, Development and
Network); DIMTS (Delhi Integrated Multimodal Transit System Ltd.) and TRIPP
(Transportation Research and Injury Prevention Programme).
The objective is to assess some of the existing well known quality-of-service
indicators, and to develop new ones. Performance indicators should be clear,
easily understandable, and useful to the audience. The main outcome of this
research is to develop a computer-based research tool consisting of different
modules. This could be integrated into an operational platform for analysis and
diagnosis of the quality of service of BRTS/bus systems lines in different
operational use. The applications will be tested in Delhi, and generic modules will

be developed for other cities.
Partner Institutions:
The consortium comprises of three partners. The Transportation Research and
Injury Prevention Programme (TRIPP) at the Indian Institute of Technology (IIT)
Delhi, is an interdisciplinary programme, focusing on the reduction of adveerse
health effects of road transport. Introduction of BRTS projects in India was initiated
by TRIPP members as advisor to Delhi government. GRETTIA is a research
laboratory on transport network and advanced software engineering in the
department COSYS components and systems at IFSTTAR, the French institute of
science and technology for transport, spatial planning, development and networks.
The Delhi Integrated Multimodal Transit System Ltd. (DIMTS) is an equal joint
venture between Government of Delhi and Infrastructure Development and
Finance Company. DIMTS is responsible for managing the BRTS corridor in Delhi.
Construction of bus que shelters at various places in NOIDA - cost estimate
and technical advice
Sponor: New Okhla Industrial Development Authority
Project team: GeetamTiwari and K.N. Jha
Objective: 1. To comment and advise on the specifications
2. To comment and advise on the cost estimate

International Course and Symposium
The Transportation Research and Injury Prevention Programme (TRIPP) at the
Indian Institute of Technology, Delhi organized a seven day International Course
and Symposium on Transportation Planning and Safety from 29 November - 05
December 2015 at the Indian Institute of Technology Delhi. The main course was
conducted from 29th November - 2 December 2015 followed by three day
symposium from 0330-05 December 2015. The programme was supported by the
Ministry of Road Transport and Highways, Govt. of India, Ministry of Urban
Development, Govt. Of India, World Health Organisation (SEARO), India, Volvo
Research and Educational Research Foundations (Sweden), Asian Institute of
Transport Development, India, Shakti Sustainable Foundation, India, Urban Mass
Transit Company Ltd., India, CMA CGM Logistics Park (Dadri) Pvt Ltd., Bajaj Auto
Ltd., Eicher Motors Ltd., and Maruti Suzuki Ltd.
A total of 243 participants attended the course and symposium out of which 61
participants represented 22 countries other than India. Besides the common
modules for all participants there were four parallel workshops on (i)Traffic safety
data analysis, ii) Biomechanics and crash reconstruction, iii) Traffic safety for public
health professionals and iv) Transportation planning and safety.
The Symposium had six Plenary Sessions: (i) Professor Ezra Hauer, University of
Toronto, Canada (ii) Professor Dinesh Mohan, Emeritus retired, Indian Institute of
Technology Delhi, (iii) Professor Murray Mackay, University of Birminghan, UK, (iv)
Professor Rune Elvik, Institute of Transport Economics, Norway, (v) Dr. Mathew
Varghese, St. Stephen’s Hospital, India and (vi) Dr. María Isabel Gutiérrez, Cisalva
Institute, Universidad del Valle, Cali, Colombia. The State of the Art Lectures were given by (i) Dr. Kenji Doi, Osaka University, Japan, (ii) Prof. Fred Wegman, Delft University of
Technology, Netherlands (iii) Prof. Dr. M Abdel-At, University of Central Florida, USA (iv) Professor Herman Knoflacher, Vienna University of Technology, Austria, (v) Mr. Yves
Page, Groupe Renault, France and (vi) Dr. Kalpana Vishwanath, co-founder of Safetipin with a Roundtable for journalists and Members of Parliament with International Traffic
Safety Experts. In 12 technical sessions 48 technical papers were presented and ended with International round table by members of Parliament. On the final day a Delhi
Declaration on Traffic Safety was adopted by the participants of the symposium.
Establishment funds have been received from
Ministry of Industry, Government of India
Asian Institute of Transport Development
Tata Motors, India
Volvo Research and Educational Foundations (VREF), Sweden
Endowments for perpetual Chairs
CONFER, India: TRIPP Chair for Transportation Planning
Ford Motor Co., USA: Ford Chair for Biomechanics and Transportation Safety
Ministry of Urban Development India: MoUD Chair for Urban Transport & Traffic Planning
MoUD Chair for Urban Transport and Environment
VREF: Volvo Chair for Transportation Planning for Control of Accident and Pollution
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Headway and Lane Change Metrics of Indian Drivers
using Naturalistic Driver Study Techniques
Abhaya Jha, Sudipto Mukherjee, Dinesh Mohan
In the field of traffic safety parameters like time to collision (TTC) and
time headway (TH) have been extensively used to determine the
level of safety exhibited by the drivers0. These parameters are also
the cornerstones of various advanced driver assist systems (ADAS)
and crash avoidance systems (CAS) developed in recent times.
This study attempts to determine the TH and TTC maintained in
Indian road conditions; and to study the lane change (LC) behaviour
exhibited by drivers on Indian roads. The data was collected using
naturalistic driving technique using an instrumented vehicle.
An instrumented Nissan Xtrail (SLX-MT) was used to record the
naturalistic driving data of 7 drivers (5 male and 2 female). The total
distance recorded was 8,380 km which was divided equally
between highway and urban road conditions. The female
volunteers did not log any highway data and only urban data was
collected for them. The vehicle was outfitted with front and side
facing radars, GPS antenna, 6 cameras (covering 4 sides of the
vehicle, 1 driver face and 1 driver feet) and CAN analyser to record
CAN bus data.
The data was recorded on an on-board DAD (data acquisition
device) and was periodically downloaded and processed. The
analysis focused on the headway distances maintained and the
lane change manoeuvres executed by the drivers. TH is defined as
the time taken to reach the point on road which is occupied by the
object in the front at the current velocity. TTC is defined as the time
taken to crash into the front object given the velocities of the vehicle
and the front object.
Headway data were recorded for those instances where the driver
braked at a deceleration= 0.1g. This corresponds to the driver
adjusting the velocity of the vehicle or getting the vehicle to a stop,
such manoeuvres are usually performed when the headway
distances are less than the perceived safe distance of the driver.
Additionally, instances where the headway was more than 10s
were ignored. The parameters studied were
•Time Headway maintained
•Time to Collision maintained
Lane changes in Indian road context cannot be defined as a
crossing of the lane markers due to absence of the lane markers on
many parts of roads and highways. We define lane change as the
lateral movement of the vehicle to a distance greater than 1 metre
within a time period between 4 to 9 seconds. This definition is based
on the video footage observed from the cameras installed on the
vehicle. A detection algorithm was created to parse through the data
to detect lane change instances. The parameters studied were
•Lane Change frequency per km travelled
•Front vehicle distance while executing a lane change

Time Headway and Time to Collision - The TH maintained
consistently by male and female volunteers in both urban and
highway scenario were mainly constant values and the velocity as a
variable was very insignificant. The mean values (in seconds) are
tabulated in table 1.
Table 1: TH and TTC Values
TH mean (s)
TTC Mean (s)

Male Highway
1.64
7.06

Male Urban Female Urban
1.88
2.04
7.32
7.39

The female drivers maintain a TH 8.5% greater than the male drivers
in urban scenarios, although the TTC values are nearly the same.
Between urban and highway scenarios we find the driver maintaining
a 14.6% higher TH and a 3.7% higher TTC in urban road conditions
than on the highway. Comparing the headway compared safe in other
countries (US – 2s, Germany - 1.8s and Sweden - 3s) [4][7] we find it
to be similar. On the other hand, the TTC values of the order of 7.0 s
were found to be higher compared with 4 – 5s used as a threshold
value in many CAS [2]. Given the TH value the difference in TTC can
be attributed to large speed variability in the individual vehicles within
a stream in Indian traffic.
Lane Change Frequency per km – the mean lane change frequency
on urban roads (4.95) was two times greater than that on rural
highways (2.36). For an average velocity of 90 km/h on highways the
LC frequency translates into 3.54 LC/min. On urban roads the vehicle
velocities ranged between 30 – 50 km/h [1] (excluding idling time),
which gives a LC frequency equal to 2.48, 3.30 and 4.13 LC/min for
30, 40, 50 km/h.
The front vehicle distance during a lane change – On urban roads
male drivers kept a higher front offset distance (median value 13.7m) compared to female drivers (median value – 9.5m). The
headway values assuming the vehicle velocities as 30, 40, 50 km/h
are 1.6, 1.2 and 1.0 s (male) and 1.1, 0.9 and 0.7s (females)
respectively. A LC manoeuvre is performed when the headway
distances reach the above threshold. The front offset values
observed for males on urban roads was also consistent with rural
highways (13.6m), but the high vehicle velocity (90 km/h) gives a very
small headway of 0.5s. These headways are in the in the unsafe zone
defined by [3].
The data collected gives a glimpse of the behaviour of vehicles
exhibited on Indian roads. Initial studies indicate that the TH and TTC
maintained by drivers in India is in line with what was measured in
OECD environment. The results obtained with the study gives the
driving behavioural statistics of a very select sample and these
results cannot be generalized, they are to be treated as a pilot.
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Select study of Urban Freight in Delhi
Nomesh Bolia, Geetam Tiwari, Jose Holguin-Veras
Delhi is the second largest urban agglomeration in the world, next
only to Tokyo and is projected to remain in this position till 2025. The
growth in urbanisation in the city has been greater than 23 percent in
the last decade. Currently, 97 percent of the National Capital
Territory of Delhi is urbanised. Thus rapid urbanisation and the
burgeoning population need a sustained effort in development and
urban transport is a key aspect of it.
Cities are engines of growth, as they are usually either the point of
manufacturing or point of consumption. The urban areas contribute
63 percent of India’s GDP . The contribution of urban freight to the
GDP will include all goods and services that take place in urban
areas. Increasing congestion and emissions resulting from freight
movement highlights the need for the minimising the delivery
distance and cost associated it with. Thus, the need to understand
the trip patterns in an urban area and their spatial interactions is
essential. Study on freight trip generation patterns has received little
or no attention in transport policies in India.

percent of the total freight trip attractions to the city (FTA). The
analysis proposed is to estimate the demand mismatch with the
consolidation centres/warehouses. This will also help us
understand the resultant delivery trips per day at a city level for
every semi-trailer that enters Delhi. The land use proposed as per
the MPD 2021 will be evaluated to study the demand at a TAZ
level.
The overall outcomes of this characterisation study, the study of
the impact of delivery restrictions and the assessment of land use
versus the actual demand help us to initiate a discussion with
various relevant decision makers and serve as a key input to
undertake large scale research that becomes the driver of
efficient sustainable freight transport in Delhi.

The objective of this project is to develop models to characterize
freight transport in Delhi, analyse the impact of delivery restrictions
and understand the city’s demand and supply patterns in freight
distribution.
In freight transport it is important to understand the conceptual
difference between freight generation (FG) and freight trip
generation models (FTG). While FTG is a factor of logistical
decisions FG is a result of demand and supply decisions. To meet
the first objective, an establishment survey has been conducted of
1800 establishments across 60 markets, 3 wholesale markets, 37
commercial streets, 25 mixed streets and large traffic attractors
(LTA’s). The questionnaire design was based on NCFRP 19, but
went through an iterative process and many questions such as trip
profile, access distance and lease rentals were added.
Freight generation modelling and forecasting is a complicated
process because of the multiple stakeholders involved, and the fact
that demand generation and trip generation are two distinct
concepts as compared to passenger transport. In literature,
regression analysis and multi classification analysis are used as
methods for estimation of freight generation models. Models are
based on business size estimate trips per employee or trips per
sq.ft. The trip rates and cargo rates achieved from this analysis can
be extrapolated to arrive at FTG and FG for the city.
The second objective of the project is to study the impact of delivery
restrictions. In literature, restrictions are measured by estimating the
transportation cost and the effect on environment in terms of
emissions. The freight attraction patterns to the core city areas
under various restrictions are mapped and OD pairs from the
establishment survey are mapped for Heavy Goods Vehicles
(HGV), Medium Goods Vehicles (MGV) and LGV (Light Goods
Vehicles). Various scenarios are then simulated and their emissions
increase is estimated because of the mode choice.
In addition, we have conducted a cordon survey at 19 cordon points
in Delhi and origin destination pairs have been recorded for about 10
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