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TRAFFIC SAFETY : THE TOP TEN ISSUES
Experpts from 8th TRIPP Annual Lecture
Tony Bliss
Traffic safety is a vital and evolving dimension of sustainable transport. It can be
explored in depth through a multitude of disciplinary and inter-disciplinary lenses,
and the associated oceans of evidence that have become the bedrock and driving
force of its ongoing global expression and delivery.
My interest in this field is more to do with the delivery, or implementation, of traffic
safety and how this is achieved across a nation, which in turn broadens the
knowable dimensions of what we call traffic safety and its evidential basis. This
focus on delivery is highly relevant in India and other low and middle-income
countries who are experiencing sustained growth in avoidable deaths and injuries
resulting from road crashes.
We all speak to each other with implicit assumptions about what we collectively
know and share, let alone the layers of assumptions and methods of inquiry that
underpin what it is that we are trying to say in our immediate dialogue. Identifying the
top ten issues to present to you has allowed me to take a more discursive,
speculative approach, to lay out a broader, overlapping set of entry points for
consideration of traffic safety and its delivery, with less chance of masking key
issues which can be often embedded in others, and possibly lost in the immediate
conversation.
The downside of this approach is that it can be seen as throwing everything at the
wall, in no particular order, to see what sticks, with the risk of losing any sense of
purpose. However, I am willing to take that risk, as I am relying on you to find
meaning (or its absence) in what I have to say, and with good luck some overall
coherence.
I have further allowed myself the luxury of using my top ten issues to pose related
questions that can help set an agenda for ongoing dialogue, and possibly for
research and further contributions to the evidence base.
I am not coming with answers to these questions, though I do have views on the
matters raised and would welcome any response you may have.
So let’s look at the top ten issues that I feel that we need think and talk more about.
We can visualize the traffic safety management system as having three key
elements, stacked up in pyramid form, comprising institutional management
functions that produce interventions, that in turn produce results.
At the bottom of the pyramid we can identify seven institutional management
functions, with the most important of these being what we term ‘results focus’, which
is a short-hand way of expressing what is it that we want to produce, and our
strategy for doing so in terms of interventions and targeted results. Six related
management functions concern how we coordinate partnership and stakeholder
activities to achieve the desired results; how we legislate to achieve the desired
results; how we fund and allocate resources to achieve the desired results; how we
promote activities to achieve the desired results; how we monitor and evaluate
activities to achieve the desired results; and how we undertake research and
development and knowledge transfer to achieve the desired results. It is this
institutionally formidable ‘engine room’ of the production process that so often gets
neglected in discussions concerning how to improve national traffic safety
performance.
In the middle of the pyramid we have the interventions that target results and
these can be viewed in three broad categories: interventions that concern the
planning, design, operation, use and maintenance of the road network;
interventions that concern the entry and exit of drivers, vehicles and operators to
and from the road network; and interventions that concern the recovery of crash
victims from the road network and their rehabilitation. These three broad categories
of intervention can be further disaggregated into two types: those that set and
implement safety standards and rules, and those concerning related compliance
regimes which comprise combinations of education, enforcement and incentives.
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Finally, at the top of the pyramid we have the results we wish to achieve which can
be measured in terms of outputs, intermediate outcomes, final outcomes and social
cost.
Like all effective and efficient production processes, the sustained delivery of
traffic safety requires proper sequencing. Foundations have to be built before later
stages of production can be operationalized (e.g. entry and exit controls and driver
and vehicle registries underpin systematic compliance regimes; high capacity
judicial systems and administrative penalty procedures underpin the feasibility of
speed camera operations; and so on).
It’s like building a house where key tasks have a logical ordering. There’s little
value getting engaged in discussions about fitting the roof, if we haven’t even
considered the nature of the foundations and walls, let alone constructed them. Yet
ongoing calls for action to address traffic safety priorities often fail to recognize this
reality.
It took good practice and seventy years for high-income countries to build up
sufficient capacity to be able to implement a more scientific management model,
and it has taken a further four decades or so to achieve more acceptable traffic
safety outcomes. The basic building blocks for success are visible in high-income
countries and they highlight the long time horizons required for the delivery of
sustainable results.
Achieving success in India and elsewhere will require a properly sequenced
pathway of action to be followed. The next 15 years of the SDGs provide a
challenging but achievable time frame for this, providing a rapid start can be
assured. Experience with the delivery of the Millennium Development Goals
underscores the importance of moving quickly to build a solid foundation for scaledup action, if targets are to be achieved.
Aside from addressing climate change, inequality is perhaps globally the biggest
‘big’ issue of our times, given the growing disparities in wealth and opportunities that
are becoming more evident. I am thinking here particularly of the work of Thomas
Picketty that focuses critical attention on growing income inequality in high-income
countries and inequalities in the global distribution of wealth.
We can see many of the contours of inequality manifested in the delivery of traffic
safety. The growing performance gap between high-income countries and low and
middle-income countries underpins the call for a Decade of Action for Road Safety
and recent Sustainable Development Goals (SDGs), as does the disproportionate
impact on vulnerable road users in the latter countries. Within countries worldwide
safety inequalities are evident between urban and rural areas, road types, vehicle
types and road users, young and old.
Awareness and the growing unacceptability of these inequalities has been
heightened by the promotion of the Safe System approach, with its goal of ensuring
safety for all users of the road transport system. Improvements in analytical tools
are highlighting the prevalence of unequal outcomes and the systematic means of
addressing them. There are growing concerns that rapid technological change in
the vehicle fleet and its communications with the road environment could create
new inequalities with unintended safety consequences.
Limits to traffic safety performance are set by technical production frontiers and
institutional management capacity, with the latter often constraining achievement of
the former. For any given road system, technical limits to the level of safety are
governed by the protective quality of the infrastructure and vehicles at prevailing
speed limits, and the degree of compliant behavior by system users, but often the
management capacity to achieve this level is lacking. Surpassing current safety
performance levels requires both the technical means and the managerial capacity
to deliver it.
Technical production frontiers are determined by safety standards and rules, and
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desired shifts in results focus may require these standards and rules and related
compliance regimes to be recalibrated and management practices adjusted
accordingly. Yet implementation of the Safe System approach in high-income
countries still provides examples of performance ambition exceeding both technical
boundaries and institutional delivery capacity. For example, in Australasian
jurisdictions the desired goal of achieving zero harm will be impossible to achieve with
prevailing infrastructure designs and related speed limits, although there is little
official acknowledgement of this.
Here I wish to take a far more speculative stance, to go beyond the bounds of our
contemporary traffic safety dialogue and its related evidence base. While our
paradigmatic shift has moved the emphasis away from road users, we need to be
thinking a bit more about what we mean by them, and more specifically what we can
realistically expect of them.
The Safe System approach requires road users to share responsibility for system
safety, by complying with system standards and rules. While the dynamic nature of
the traffic safety production process over the last few decades has resulted in
sustained improvements in vehicle and infrastructure safety performance - and we
remain open to, and call for, ongoing transformative change in this space - our
understanding and expectations of the road user have not changed that much,
beyond perhaps a sharper recognition of gender, age, physical vulnerability and so
on.
That said, we do have ideas concerning “culture” and “consumer behaviour” and
their potential influences on traffic safety outcomes, though these are loosely shaped
in evidential terms. We also acknowledge the growing importance of the science of
human factors, given the rapid rate of technological change and emerging
complexities in human-machine interfaces, in terms of the cognitive load our brains
can be expected to handle.
Safe design is integral to safe performance, something that was already becoming
well understood in industrial safety a half century or so ago. If you want to stop workers
being injured by the machines they use, you make the machine safer.
Good progress is being made in vehicle safety, especially for vehicle occupants, yet
in the case of road infrastructure, traffic safety has been lagging in its design focus,
even with the Safe System approach bringing safe design to the forefront. In some
instances, the goal of eliminating crash deaths and serious injuries is proactively
shaping design solutions, replacing reactive measures being taken following system
failures on a scale sufficient to merit intervention. The shift to roundabout designs for
safer junctions is a good example of this. Likewise, the adoption of low cost wire rope
barriers on high-speed inter-urban roads is eliminating deaths and injures from headon crashes. But overall progress in terms of safety design is slow.
Given the professional inertia cloaking current safe infrastructure design practices,
there is still a long way to go before speed and design are addressed integrally to
eliminate otherwise predictable road crash deaths and injuries.
Development and its goals provide the broader context for the consideration of
traffic safety in low, middle and high-income countries. In terms of development
impacts we need to think more about the issue of avoidable deaths and disabilities,
and the associated health losses and economic impacts, let alone the pain and
suffering of crash survivors and their families.
The overwhelming and inequitable impacts of population health and wealth losses
from road crashes undermine this necessary inclusiveness and reinforce the case
being made for their prevention to become a higher development priority.
Over the first 30 years of the 21st century it is projected that the global vehicle fleet
will at least double, with more than half of these vehicles entering the road networks of
low and middle-income countries which include unprecedented numbers of
vulnerable road users fated to become road crash victims. The resulting carnage will
be huge.
Global road deaths are projected to rise to around 2 million people a year by 2020
and continue growing, unless substantial new initiatives are taken.
Increasingly hopes are being pinned on innovation to address global traffic safety
concerns, but, with some notable high-income country exceptions, associated
research and development budgets do not reflect this enthusiasm.
In traffic safety we are living off the valuable findings of past research and
diminishing returns are setting in. New research and development programs are now

needed to anticipate and address the growing complexity of urban mobility and
related traffic safety issues. We must now commit to the long-term process of building
a new evidence base for the 21st century.
The successes of traffic safety programs in good practice countries that began to
accumulate towards the end of last century were built on the findings of decades of
sustained research and development.
Unique traffic safety issues, such as the high preponderance of vulnerable road
users in mixed mass, mixed speed environments like those found in India, and
emerging mobility scenarios of a complex nature, such as vehicle-to-vehicle, vehicleto-infrastructure, and vehicle-to-road user communications, and autonomous driving,
call for innovative action, which in turn calls for a commitment to long-term research
and development. In low and middle-income countries, with some possible
exceptions, little attention is being paid to investing in these traffic safety priorities.
We now get to a crunch issue that continues to be neglected, perhaps because it
directly concerns funding! Improving national traffic safety performance requires
substantial and sustained investment. Though difficult to quantify – given that safety
budgets are often embedded in larger infrastructure, enforcement and regulatory
budgets – the numbers are huge. In public management environments that require
transparent output and outcome linkages it is possible to gain some insights into the
scale of investment requirements.
The key point is that high-income countries in effect make the business case for
what is needed in investment terms. The complexity of their institutional
arrangements alone can be viewed as a surrogate indicator of success and
commitment to sustained investment, and their longer-term goal of fatality and
serious injury elimination points to the net benefits that are anticipated.
It could be argued that low and middle-income countries cannot afford to invest in
traffic safety, but this is not the case when the sheer scale of road transport investment
is taken into consideration. Over the next four decades, global passenger and freight
travel is expected to double from 2010 levels, with non-OECD countries accounting
for nearly 90% of travel increases. Estimated network length will increase by 60%,
with 90% of associated road infrastructure investment being in non-OECD countries.
From this perspective it is specious to argue that improved traffic safety is
unaffordable for low and middle-income countries. As is the case with high-income
countries, the long-term funding required to sustainably improve traffic safety
performance could reasonably be sourced and absorbed within projected mobility
investments, providing the institutional management capacity is built to deliver this.
But in the immediate term, what is urgently required is sufficient international catalytic
funding to accelerate this capacity building process, to help unlock sustainable
domestic funding sources targeted to deliver improved traffic safety over the coming
decades.
I take a ‘managing for results’ perspective, where what is measured is managed,
and where the evidence base becomes fundamental. Management must address
production complexities and take strategic responsibility for key institutional
management functions and the delivery of targeted interventions. It must also
address all the other issues that have been raised in this brief lecture: the issues of
sequencing, inequality, limits to performance, the road user, design, development,
innovation and investment: a formidable set of tasks!
Furthermore, management is the invisible force concerned with sustaining
organizational creativity, the building of teams and partnerships, and the ongoing
creation of knowledge necessary to sustain continual improvements in performance.
Leadership is vital in addressing these management realities, and its absence at
country, regional and global levels remains a fundamental brake on progress.
While a focus on management is the first pillar in the Global Plan for the Decade of
Action and permeates much of the plan’s content, it is in the main neglected in global
road safety dialogue and action.
One overarching insight I have gained by thinking through and flagging these
issues is that they all serve to illustrate what a rich and rewarding field we are
privileged to be engaged in.
But they also underscore the immense challenges we must face and the societal
benefits we can help create – the value we can add – if we commit to long-term action
and success. In this regard I look to you as future leaders and wish you well with your
important work.
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Progress towards zero, an international comparison: Improvements in traffic fatality from 1990 to 2010 for different age groups in the USA and 15 of its peers
In January 2015, the United States Department of Transportation (USDOT) announced that the official target of the federal government transportation safety policy was
zero deaths. Having a better understanding of traffic fatality trends of various age cohorts—and to what extent the US is lagging behind other countries—is a crucial first
step to identifying policies that may help the USDOT achieve its goal. In this paper we analyze fatality rates for different age cohorts in developed countries to better
understand how road traffic fatality patterns vary across countries by age cohort. Using benchmarking analysis and comparative index analysis based on panel data
modelling and data for selected years between 1990 and 2010, we compare changes in the rate of road traffic fatality over time, as well as the absolute level of road traffic
fatality for six age groups in the US, with 15 other developed countries. Our findings illustrate tremendous variations in road fatality rates (both in terms of the absolute
values and the rates of improvement over time) among different age cohorts in all of the 16 countries. Looking specifically at the US, our analysis shows that safety
improvements for Youngsters (15-17 years old) was much better than for other age groups, and closely tracked peer countries. In sharp contrast, Children (0-14 years old)
and Seniors (+65 years old) in the US, fare very poorly when compared to peer countries. For example, in 2010, children in the US were a stunning five times more likely to
experience a road traffic fatality than children in the UK. This startling statistic suggests an immediate need to explore further the causes and potential solutions to these
disparities. This is especially important if countries, including the US, are to achieve the ambitious goals set out in Zero Vision initiatives.
Hamed Ahangari, Carol Atkinson-Palombo, Norman W. Garrick. (2016), Journal of Safety Research, 57, 61–70.
Predicting the safety impact of a speed limit increase using condition-based multivariate Poisson lognormal regression
Speed limit changes are considered to lead to proportional changes in the number and severity of crashes. To predict the impact of a speed limit alteration, it is
necessary to define a relationship between crashes and speed on a road network. This paper examines the relationship of crashes with speed, as well as with other traffic
and geometric variables, on the UK motorways in order to estimate the impact of a potential speed limit increase from 70 to 80 mph on traffic safety. Full Bayesian
multivariate Poisson lognormal regression models are applied to a data set aggregated using the condition-based approach for crashes by vehicle (i.e. single vehicle and
multiple vehicle) and severity (i.e. fatal or serious and slight). The results show that single-vehicle crashes of all severities and fatal or serious injury crashes involving
multiple vehicles increase at higher speed conditions and particularly when these are combined with lower volumes. Slight injury multiplevehicle crashes are found not to
be related o high speeds, but instead with congested traffic. Using the speed elasticity values derived from the models, the predicted annual increase in crashes after a
speed limit increase on the UK motorway is found to be 6.2–12.1% for fatal or serious injury crashes and 1.3–2.7% for slight injury, or else up to 167 more crashes.
Maria-Ioanna M. Imprialou, Mohammed Quddus & David E. Pitfield. (2016), Transportation Planning and Technology, 39(1), 3-23.

International Course and Symposium
The Transportation Research and Injury Prevention Programme (TRIPP) at the Indian Institute of Technology, Delhi organized its International Course and Symposium
on Transportation Planning and Safety from 29 November - 05 December 2015 at the Indian Institute of Technology Delhi. The Course and Symposium was supported by
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. The programme was attended by
243 participants out of which 61 participants represented 22 countries other than
India. The Symposium had six Plenary Sessions by (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 addressed 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.

Establishment funds have been received from
Ministry of Industry, Government of India
Asian Institute of Transport Development, India
Tata Motors Limited, 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
MoUD Chair for Urban Traffic Safety
VREF: Volvo Chair for Transportation Planning for Control of Accident and Pollution
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Excerpts from two publications: A TRIPP BULLETIN INSERT
Assessment of motor vehicle use characteristics in three Indian cities

distribution is scarce in India, as a result of which estimates of fuel consumption and
vehicular emissions from different vehicle types are also unreliable.

Estimates of emissions and energy consumption by vehicular fleet in India are
not backed by reliable values of parameters, leading to large uncertainties. We
report new methods, including primary surveys and secondary data sources, to
estimate in-use fleet size, annual mileage (kilometers per year), and fuel efficiency
of cars and motorised two-wheelers (MTW) for Delhi, and except fleet size and
annual mileage of cars, for Visakhapatnam and Rajkot. We estimated that the
official number of registered cars and MTW in Indian cities is more than two times
the actual number of in-use vehicles. The private vehicular fleet in India is the
youngest, its fuel efficiency one of the highest, and annual kilometers travelled is
the lowest, compared to many high-income countries, such as the USA and those in
European Union. Along with high renewal rate of fleet, the data suggest that it is
possible for India to have one of the most fuel-efficient vehicle fleets in the world in
the future, if fuel-efficiency standards and fiscal policies to contain growing
dieselization are implemented in the country at the earliest.

In India, there are no studies conducted by government agencies which
investigate vehicular use parameters – size of in-use fleet, fuel efficiency, and
annual mileage – which are crucial inputs for estimates of energy consumption and
vehicular emissions. In contrast, in high-income countries such as the USA, the UK,
France, Australia, and Japan, national authorities carry out field surveys of drivers
for estimating fuel efficiency and annual mileage. In low and middle-income
countries, there have been very few attempts to estimate vehicular characteristics.
These studies reported counts of vehicle types on the road and parking lots, and
used only visual inspection. Such studies, however, cannot estimate real-world fuel
efficiency values, fuel used, and annual usage rates of vehicles. There are few
examples of online portals that provide estimates of on-road values of fuel
efficiency. For Chinese vehicles, reported an online portal in wh ich Chinese drivers
voluntarily post fuel efficiency of their cars. In 2005, the US Department of Energy
and EPA’s fuel economy information website (http://www.fueleconomy.gov) began
allowing users to voluntarily share fuel economy estimates. The ‘‘spritmonitor’’
website (www.spritmonitor.de/en) has a fuel consumption database of more than
250,000 vehicles and has been used for various research purposes. Given the lack
of sources for reliable estimates of parameters in India, we present methods to
estimate the three vehicle use parameters, fuel-use distribution and age
distribution of vehicles for three cities of India – Delhi, Visakhapatnam and Rajkot.
The methods include a combination of data obtained from primary surveys in the
three cities and from secondary sources.

Of all the cars and motorised two-wheelers (MTW) registered in India since 1950,
more than 85% were registered during 1991 through 2011. The official registration
numbers indicate that in 2012 there were more than five times as many MTW (115
million) as cars (22 million). During the same year, India accounted for 4% of the
new passenger car registrations in the world, compared to China’s 19% and the
USA’s 21%, while their share in world’s population was 17%, 19% and 5%,
respectively. With the growth of vehicular fleet and its usage, owing to rapidly
growing economy, fuel consumption by road transport has also increased
considerably. Over the two decades from 1991 to 2011, annual petrol as well as
diesel consumption in India increased by more than four times. Among these fuels,
almost all of petrol and 70% of diesel is consumed by road transport for the year
2012–13. For year 2007, road transport contributed an estimated 6% of the total
greenhouse gas (GHG) emissions in the country. Since up to 70% of the total oil
consumed in India is imported, this leads to heavy economic burden and
vulnerability to international economics.
In addition to direct economic implications, increase in fuel consumption also has
climate change implications. In this context, the issue of fuel efficiency standards of
vehicular fleet has been gaining increased attention internationally. Many countries
(including the four largest automobile markets – the USA, European Union (EU),
China and Japan) have adopted more stringent fuel efficiency standards to promote
fuel-efficient vehicles, but India has only started the process recently. The
Government of India has notified fuel efficiency standards for passenger cars, vans
and utility vehicles to be implemented from 2016. With setting of fuel-efficiency
standards for vehicles, there is a need to evaluate their effectiveness in the future.
For this, fuel efficiency and the resulting fuel consumption need to be assessed for
the current fleet, as a base case. Due to a variety of vehicles using the same fuel,
such as in case of diesel, total fuel consumed by each vehicle type cannot be
calculated from the fuel-wise total consumption figures reported by Ministry of
Petroleum and Natural Gas (MoPNG) every year. Therefore, in order to estimate
fuel consumption by different vehicle types, one needs to know three parameters
for a given vehicle type – number of in-use vehicles, annual average mileage
(kilometers per year), and average fuel efficiency of in-use vehicles (kilometers per
litre). These three parameters will be referred to as vehicular use parameters in this
paper. In case of multiple fuel types used by a single vehicle type, such as cars
using petrol, diesel, and compressed natural gas (CNG), we need additional
information of fuel-use distribution among the in-use vehicles. In addition to
estimation of fuel consumption, these parameters are crucial inputs for estimating
emissions, for instance in ASIF (Activity–Share–Intensity–Factor) methodology.
For estimation of vehicular emissions, age is also an important determinant, as
exhaust emissions from vehicles increase due to aging of catalytic converter and
degradation of emissions control systems. In addition to deterioration due to aging
of fleet, emission factors change significantly over different model years because of
frequent implementation of emissions standards starting from early 1990s.
Information regarding vehicle use parameters, fuel-use distribution, as well as age

The study was conducted in three cities– Delhi, Vishakhapatnam, and Rajkot
with 2011 populations of 16.7 million, 1.7 million, and 1.5 million, respectively. Delhi
is the capital of India and located in the north, Rajkot in the mid-west, and
Vishakhapatnam on the south-east coast of the country. For the three settings, we
collated information from primary surveys, secondary sources, and databases
available in the public domain from various ministerial and regulatory groups in the
city. For Delhi, the data collection was conducted by TRIPP and for Visakhapatnam
and Rajkot it was carried out by teams from iTrans Private Limited and Centre for
Environmental Planning and Technology University, Ahmedabad (CEPT),
respectively.
In this study, we report three vehicular use parameters– in-use fleet size, annual
mileage (vehicle kilometers per year), and fuel efficiency of cars and MTW for Delhi,
and except fleet size and annual mileage of cars, for Visakhapatnam as well as
Rajkot. According to our estimates, cumulative number of registered cars and MTW
in Indian cities, reported by official sources, overestimates the actual number of inuse vehicles by up to 120%. Even though the cities differ from each other in terms
of population size as well as vehicle ownership, we found consistencies in the
results such as age distribution, fuel efficiency values as well as in-use proportion.
Therefore, it is likely that the results from this study are generalizable for various
other cities.
The fuel efficiency of cars in India is one of the highest compared to countries like
China, Japan, Germany, and the USA. Annual mileage of cars and MTW in Indian
cities is much lower than those reported from most countries in Europe, North
America as well as Asia, and have a non-linear relationship with the size of the city.
While Delhi is more than 4 times larger in built-up than Visakhapatnam and 10 times
larger in population size, the annual mileage per year was only 35% time larger. The
average age of cars and MTW in the three cities indicate that the vehicle fleet in
Indian cities is similar to that in China and is much younger than in high-income
countries of the EU and in the USA, where the average age of cars is 8 years and 11
years, respectively. According to the survival functions for cars and MTW, 90% of
the fleet will be replaced over a period of next 10 years. These data suggest that it is
possible for India to have one of the most fuel-efficient vehicle fleets in the world in
the future if fuel efficiency standards are implemented and fiscal policies introduced
to contain the growing dieselization of car fleet. The parameters estimated in this
study are crucial inputs for bottom-up emission inventory estimates of vehicular
fleet. We used these parameters for emission estimates for Delhi and
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Visakhapatnam. The three cities in this study belonged to the 53 cities in India with a
population of more than a million in year 2011, with Delhi being a megacity. If similar
studies are conducted for smaller settings, a range of vehicular use parameters can
be estimated for cities with varying population sizes. Such a database can be used to
estimate national level consumption of fuels as well as emissions from road transport
sector.
Rahul Goel, Dinesh Mohan, Sarath K. Guttikunda, Geetam Tiwari, Transportation
Research Part D 44(2016)254-265.
An inverse monte-carlo based method to estimate pre-crash distribution for
VRU safety
Current safety standards are based on maximum stiffness measures over a grid on
the frontal surface of a vehicle. The safety of VRU is also influenced by the overall
shape of the impacting vehicle. “Initial conditions” [IC] from the dominant crash
scenarios are used for CAE simulations in Industrial practice to tweak designs. The
IC’s to design for are decided based on cluster analysis from reconstructions of crash
data. Currently, CAE methods to predict the outcomes (final resting state of
interacting elements) of a crash deterministically, given the initial conditions are
available. But there are no established methods to do the inverse process, that is
ascertain the conditions at the initiation of the crash given the final static state of the
interacting elements. Recorded data being the final resting state of the interacting
elements, the inverse problem is of significance, and is usually tackled by heuristics
and iterations augmenting physical laws. While reconstructions of specific cases
require detailed observation and experienced personnel, it is hypothesized that
estimating a distribution of the pre-impact measures in crashes is more robust with
respect to a distribution of the post impact observation than that of individual crashes.
Individual cases from crash reconstruction, approximated to a Gaussian “normal”
probability density function, were assumed for the probability of occurrence of
individual cases. Crash physics was captured using a multibody simulation in
MADYMO solver. An inverse Monte Carlo [MC] simulation with MADYMO solver as
the system under study was modelled in “FME” module in statistical software “R”.
A set of post-crash data on head hit location [O1] was generated using forward MC
simulation. The variable parameters were four different vehicle profiles, relative
position of 50M along vehicle lateral axis [I2] and the relative orientation of with
respect to vehicle. The pedestrian represented using one 50th percentile male [50M]
pedestrian model was not varied.
Starting with the distribution of “O1” and an “I2” distribution perturbed by up to 20%
in mean value as input, an I2 was computed using inverse MC. The “I2” distribution
from inverse MC showed less than 10% deviation from the original v3 data set mean
with randomized values of untracked variables. During the inverse MC process, the
quality of “fit” to a desired O1 distribution was tracked using the sum of root mean
square of differences between normalized density coefficients and a “relaxation
parameter” computed as squared logarithmic probability to a normal distribution. The
stabilization of the tracking parameter indicated a robust solution.
Vulnerable Road Users (VRU) is a term used to collectively refer to pedestrians,
bicyclists and motorcyclists. Report by WHO shows bicyclists and pedestrians to
constitute over a quarter (27%) of the total traffic related fatalities in the world. VRU
safety in crash scenarios involving cars has remained an active area of research with
safety tests put in place for pedestrian safety using body-form impact on the vehicle
front to estimate the potential injury risk. One of the components of VRU – pedestrians
- represent a majority of VRU exposed to traffic threats. Data from World Health
Organisation 2013 also indicate pedestrian fatalities to be 22% of total road fatalities.
Pedestrian safety has been addressed by regulatory and rating tests like Euro-NCAP
and by indirect indicators for threats to pedestrians from car fronts. These rating and
regulatory tests have been modelled for estimating threats to target human
populations and crash scenarios selected based on data in crash databases. Current
safety standards are based on maximum stiffness measures over a grid on the frontal
surface of a vehicle. It is however well understood that safety of VRU is also
influenced by the overall shape of the impacting vehicle.
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Advancement in CAE has led to crash simulations being used as a method for
virtually replicating crashes. In industrial practice, CAE simulations are used to model
using “initial conditions” [IC] from the dominant crash scenario to tweak designs. The
IC’s to design for are decided based on cluster analysis from reconstructions of crash
data. Lack of clear data from post-crash scenes limit the efficiency of replications of
crashes through computer simulations. Crash reconstructions of specific cases
require detailed observations of the crash scene and experienced personnel to apply
heuristics and iterate on simulations. It is hypothesized that estimating a distribution
of the pre-impact measures in crashes is more robust with respect to a distribution of
the post impact observation than inferring the IC’s of individual crashes through
reconstructions. We also note that for design or standard setting purposes, it is the
statistics as opposed to specific cases which is of relevance. The authors have
proposed a method based on inverse Monte Carlo to estimate pre-crash variables
using limited post-crash data. This work evaluates the robustness of the inverse
Monte Carlo method using a synthetic randomized post-crash data to estimate precrash data.
Crash simulation using computational techniques work on uni-directional physics
of crash. The post-crash effects can be estimated using known pre-crash conditions.
This work will discuss verification of previously proposed methodology to estimate
pre-crash variables to model crash simulations. The first step of this study was to
generate synthetically randomized crash data equivalent. Vehicle velocity (I1),
vehicle category denoted by vehicle profile (I2), location of pedestrian in lateral plane
of vehicle (I3) and orientation of pedestrian with respect to vehicle with pedestrian hit
on left or right (I4) were selected for variation. The output of the crash simulation (O1)
was captured. The present objective was to estimate most likely lateral position of
pedestrian in front of vehicle (I3). An inverse Monte Carlo based on ‘Mu’ measure was
executed with O1 distribution to estimate variable I3.
Vehicle to pedestrian crash was simulated using multibody MADYMO solver with
pedestrian represented by 50th percentile male pedestrian model. Vehicle was
represented using multibody model for vehicle front and the crash scenario was
similar to previous work by authors.
A synthetic randomized crash data was generated using forward Monte Carlo
(FMC) simulation using sensitivity study module of OptiSlang with 500 samples. The
input variables I1 to I4 were classified as discrete and continuous variables with
ranges of values. I1 and I4 were discrete variables with three and four levels of values
respectively. I2 and I3 were varied continuously in the range indicated. The input
variable I2 was initialized with two values for every set of I1, I3 and I4. Two values of I2
was generated to simulate a “left” and “right” side impact of pedestrian with all other
variables in same level for one iteration.
A Gaussian normal distribution was assumed for all variables to estimate the
probability. With clearer data available on specific variables, a better prediction
probability function can be incorporated. The µmeasure remains sensitive to the units
of length used and appropriate correction factors need to be updated for better
convergence. Sample runs of higher than 500 were not studied as the simulations
trend was visible with shift in mean towards expected values. The comparison was
based on kinematic distributions, both at the input and output. The point of real
concern is predicting trauma levels. An increased performance, when extended to
HBM’s applications (with significantly enhanced degrees of freedom) in conjunction
with injury models has to be attempted.
During the inverse MC process, the quality of “fit” to a desired O1 distribution was
tracked using the sum of root mean square of differences between normalized density
coefficients and a “relaxation parameter” computed as squared logarithmic
probability to a normal distribution. The stabilization of the tracking parameter
indicated an optimal solution. This methodology combined with advanced tools like
FE human body model will improve injury prediction efficiency of CAE tools.
Hariharan Sankara Subramanian, Sudipto Mukherjee, Anoop Chawla, Dietmar
Goehlich (2015). 24th International Technical Conference on Enhanced Safety of
Vehicles (ESV), Paper No. 15-0421.

