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Bengaluru Metropolitan Transport Corporation (BMTC) remains at the 
-

tions to the residents of Bengaluru. Along with Bengaluru Metro Rail Cor-
poration Limited (BMRCL), we are committed to providing reliable mass 
transport, which is the only viable solution for reducing congestion in the 
city. To achieve this goal, we recognize the importance of embracing cut-
ting-edge research and innovative solutions that can help us better serve our 
passengers and the city.

It is with great pleasure that I introduce this research booklet centred on 
BMTC planning and operations, developed by Centre for infrastructure, 
Sustainable Transportation and Urban Planning (CiSTUP) at the prestigious 
Indian Institute of Science (IISc). This report is a testament to BMTC’s ded-
ication to fostering academic collaboration and leveraging the knowledge of 
the IISc experts. 

As we continue with our vision and journey of making BMTC sustainable, 
people-centred and choice mode of travel for everyone, we look forward to 
having our dedicated BMTC team working hand-in-hand with the research-

this booklet into implementable solutions. Together, we can make Bengal-
uru’s public transportation system a shining example for cities around the 
world.

Thank you for your continued support and trust in BMTC.

Warm Regards!

Sathyavathi G.
Managing Director
Bengaluru Metropolitan Transport Corporation (BMTC)
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The Bengaluru Metropolitan Transport Corporation 

(BMTC) is the sole public bus transport provider for 

Bengaluru, serving urban, sub-urban and rural areas. 

BMTC is committed to provide quality, safe, reliable, 

lies in increasing passenger trips everyday by a wide 

its services for commuter comfort, BMTC strives to 

strengthen information systems and improve processes 

through introduction of intelligent technology solution, 

make capacity enhancement through infrastructure 

upgradation and augmentation, apart from its core 

activities, which includes fare structuring, route network 

and wide, in every nook and corner of the city, making 

public transport an attractive travel choice for everyone.

bmtc



The Bengaluru Metropolitan Trans-

-

-
-

-

OUR
VISION

OUR 
MISSION

“Make BMTC sustainable, 
people-centered and 
choice mode of travel for 
everyone”
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The Centre for infrastructure, 

Sustainable Transportation and 

Urban Planning (CiSTUP) of 

Indian Institute of Science (IISc) 

was established in the year 2009 

during the centenary celebrations 

of IISc, with base funding from the 

Karnataka State Government and 

inputs from visionary leaders at IISc 

and the Government.

-
-

-
lowing areas:
• Multimodal transportation 

and

relates to transportation.

Our mission is to provide thought 
leadership for planning, operation, 

• Training of transportation 

and

VISION AND
MISSION
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A MIX OF 
FUNDAMENTAL 
AND APPLIED 
RESEARCH

CiSTUP 
WITHIN 
IISc
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RIDERSHIP 
AND REVENUE 
FORECASTING 
MODELS FOR 
BUS TRANSIT 
AGENCIES: 
APPLICATION 
TO BMTC 
RIDERSHIP

ARTICLE 0NE
PROF. ABDUL RAWOOF PINJARI
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POTENTIAL 
BENEFITS 
TO BMTC

BMTC can use the 

proposed method and 

models as decision-support 

tools to forecast changes 

in ridership and passenger 

kilometres (and revenue) 

due to changes in route 

structure, addition or 

deletion of routes, changes 

in service frequency, 

changes in spatial 

distribution of land-use, etc.
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More 
information 
is at the 

BRIEF 
PROJECT 
SUMMARY
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» Bus routes with high overlap with metro lines lose 

KEY 
FINDING

FUTURE 
RESEARCH
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Multimodal 
mode choice 
behaviour 
data, 
modelling 
and 
analysis    
to increase 
transit 
mode share

ARTICLE TWO
PROF. ABDUL RAWOOF PINJARI
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POTENTIAL 
BENEFITS 
TO BMTC

The proposed models can 

be used to evaluate the 

and last-mile connectivity 

strategies to enhance 

transit ridership. The 

connectivity in Bengaluru 

to enable multimodal travel 

(thereby increase transit 

ridership). 
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Bengaluru.

BRIEF 
PROJECT 
SUMMARY
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» Our survey data indicates that at least 30% of current 
metro travellers use bus (in combination w/ metro) on 
their trips. An additional 15% of metro travellers use 
other non-walking modes to reach metro stations. On 
the other hand, the vast majority (95%) of current bus 
travellers reach bus stops by walk. 

» If bus and metro modes are made available to all 
surveyed individuals within distances of up to 1 km and 
4 km, respectively, our simulations indicate that nearly 
60% of them would choose transit (bus, bus+metro, 
or metro). Reducing travel costs by ride-hailing to 
transit stations would not help attract many transit 
riders. The key is in making transit stops/stations more 
accessible to travel origins and destinations.

» Embed the multimodal mode choice model in a city-
scale travel demand analysis to forecast changes in 
transit mode shares of Bengaluru population due to 
enhanced connectivity to transit.

KEY 
FINDING

FUTURE 
RESEARCH

An illustration of multimodal transit travel
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Examining 
the effects 
of ‘ADAS’ 
on driving 
behavior 
under 
Indian 
driving 
conditions

ARTICLE THREE
PROF. PUNIT RATHORE
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POTENTIAL 
BENEFITS 
TO BMTC

The usefulness of ADAS or 
advanced driver warning systems 
under heterogeneous disordered 

literature. Too many ADAS 
warnings can have detrimental 

particularly when driving larger 
vehicles (like buses) under densely 

Indian roads. This work will allow 

reducing driver fatigue and making 
the drivers more aware of their 
surroundings, thus improving the 
overall road safety of bus drivers. 
For BMTC, this will allow them 
to understand the best ADAS 
warnings and modalities for their 
bus drivers.
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it is vital that at least Level-0 and Level-1 ADAS should 
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-
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-
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BRIEF 
PROJECT 
SUMMARY
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» We hypothesize that raising multiple warnings 
simultaneously can overload drivers’ senses. 

» We hypothesize that audio warnings are more likely to 
be detrimental in the Indian use case, because of the 
disordered nature of traffic. For instance, ‘Blind Spot
Warning’ which are a common occurrence on Indian 
roads.

» 

ADAS warning type. We will observe drivers’ behavior 

The design of experiments (DoE) has been finalized.  
For the first experiment, we will only focus on one  

and physiology under different traffic densities and with
different lead vehicles.  

» The project is ongoing.

studies before. We plan to increase the number of driv

We are planning to conduct the first experiment with
over twice the number of drivers used in most scientific 

-
ers even more in the next experiment. Plus, we plan to 
conduct similar experiments in the real world, i.e., on 
Indian roads. The Indian use-case optimized ADAS gen-
erated as part of this work will empower organizations 
like BMTC, to choose the best ADAS systems for their 
use case. This would also help improve the safety of their 
drivers, passengers, and their busses, and reduce risk to 
other vehicles/pedestrians on the streets.

KEY 
FINDING

FUTURE 
RESEARCH

Illustration of an ADAS alert inside simulation environment
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Development 
of an 
Integrated 
Traffic and 
Heavy Vehicle 
Simulator 
(ITHVS) 
for Driver 
Behavior 
and Safety 
Research in 
India

ARTICLE FOUR
PROF. PUNIT RATHORE
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Development 
of an 
Integrated 
Traffic and 
Heavy Vehicle 
Simulator 
(ITHVS) 
for Driver 
Behavior 
and Safety 
Research in 
India

POTENTIAL 
BENEFITS 
TO BMTC

around the globe. The proposed 

driving simulator can also be 

features such as the realistic 

conditions, seamless two-way 
interaction, and capability 
to design and test scenarios 
concerned with intelligent 
transport systems that most 

opportunities for realistic training 
for the BMTC drivers.    
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put up to them.

BRIEF 
PROJECT 
SUMMARY
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» Generating simulation environments is a time-
consuming process.

» 
of simulation systems, faster processes for simulation 
To ensure the usefulness and time-/cost-effectiveness  

development need to be developed.

» We have developed (and are evaluating) one such 
process. The process utilizes available map data and 
a game engine to generate close-to-real-world static 
simulation environments.

» Using this method, city-sized environments can be 
replicated inside a simulator environment within hours.

new ones to further reduce the time and effort required
to develop close-to-real-world Indian-ized traffic simula-

» The work is ongoing. 

We are improving our current method and developing 

cific driving scenarios with an assessment system for the 

tion environments. We are also exploring the use of deep 
learning methods to automate said simulation generation 
process. In the future, we plan to integrate our India-spe-

driver vis-a-vis the best practice. 

KEY 
FINDING

FUTURE 
RESEARCH
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Integrated Traffic and Heavy Vehicle Simulator being driving by a driver



Bus 
priority 
lane in 
Bengaluru: 
A study on 
its 
effectiveness 
and driver 
stress

ARTICLE FIVE
PROF. RAJESH SUNDARESAN
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POTENTIAL 
BENEFITS 
TO BMTC priority lane for BMTC buses was 

segments where the priority lane 

during various peak durations 

can suggest appropriate corrective 

measures for the betterment of 

travel times and driver stress 

levels.
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BRIEF 
PROJECT 
SUMMARY

Scale up the experiment to study driver stress. Study ef-
fectiveness of driver feedback.

KEY 
FINDING

FUTURE 
RESEARCH
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The project, done in partnership with BMTC and Netradyne 
Technology India Pvt. Ltd., studies the effectiveness of the 
bus priority lane (BPL) for public transport buses in the city 
of Bengaluru  in  India. We use the travel times on the BPL 
corridor as a measure of the effectiveness of the BPL. We 
find that there is a significant improvement in the travel times 
after the introduction of the BPL; for the worst 10% of the 
travel times, we find an improvement between 4% and 28%. 
Our methodology involves extracting trips on the BPL and 
com- puting the travel times for these trips from a time 
series of GPS information. Our methodology is scalable and 
can be used to compute the travel times between any two 
given points in other similar studies. We supplement our 
results with a novel test (called the D-test) for comparing the 
levels of stressful driving in the following scenarios: (a) morn-
ing peak hours (IST 07:00 h to 11:00 h) versus evening peak 
hours (IST 17:00 h to 21:00 h), and (b) northward trips ver- 
sus southward trips on the BPL. We are able to infer that the 
drivers are generally more stressed during the morning peak 
hours and during the southward trips on the BPL. Par- tition-
ing the BPL into segments, we show that a majority of the 
segments exhibit similar effectiveness and driver stress 
trends as the full BPL stretch. We anticipate that correc- tive 
measures for the betterment of travel times and driv- er 
stress levels (e.g., introducing additional buses subject to 
vehicle re-balancing constraints, carefully planning the bus 
schedules to regulate bus traffic throughout the day, etc.) in 
some segments can lead to further improvements in travel 
times and reduction in driver stress levels.

We find that there is a significant improvement in the trav- 
eltimes after the introduction of the BPL; for the worst 10% 
of the travel times, we find an improvement between 4% and 
28%. Drivers are generally more stressed during the morning 
peak hours and during the southward trips on the BPL.
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ARTICLE SIX
PROF. RAJESH SUNDARESAN

Unlocking 
data for 
people-
centric 
transport-
ation

30



POTENTIAL 
BENEFITS 
TO BMTC

1. The project provides a solution 
to the revenue sharing problem 
between the ride-hailing service 
providers and the bus agency in 

mile services.

2. The solution methodology can 

agency.

3. Also, the application of the 
model can reduce travel times 
due to the shift of travelers to 
public transit mode.

31



Problem statement -

Methodology
-

-

1. Bus agency

2. RSPs

-

3. Travelers

-

-

BRIEF 
PROJECT 
SUMMARY
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the travel times and the CO2

-

KEY 
FINDING

FUTURE 
RESEARCH
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Electric 
Bus 
Fleet 
Planning

ARTICLE SEVEN
PROF. TARUN RAMBHA
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POTENTIAL 
BENEFITS 
TO BMTC

As we know, BMTC plans to 
add new buses to its electric 

Deploying charging infrastructure 
is as essential as procuring new 
electric buses to ensure battery 
replenishment of buses during 

procurement is not considered 
in conjunction with the location 
planning of charging stations 
or opportunity charging. Our 

charging locations, electric bus trip 
schedules, and charging schedules, 
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BRIEF 
PROJECT 
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-
terested in testing these models to assess the potential 

KEY 
FINDING

FUTURE 
RESEARCH

Charging Location Vehicle Scheduling Charge Scheduling

Determine optimal charging stations 
from a set of candidate locations

Assign electric buses to 
timetabled trips optimally 

Determine optimal charge 
schedules of all electric buses

Charging Location and Electric Vehicle Scheduling Problem (CL-EVSP)

Charging Location, Electric Vehicle Scheduling Problem and Charging Scheduling Problem (CL-EVSP-CSP)

36
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A Scalable 
Framework 
for Public 
Transit 
Assignment 
and 
Bus-to-Trip 
Assignment 
with 
Heterogenous 
Fleet

ARTICLE EIGHT
PROF. TARUN RAMBHA
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POTENTIAL 
BENEFITS 
TO BMTC

We have developed models that 
take the transit schedule and the 
demand for public transportation 
as inputs to predict the journeys 
chosen by individual passengers. 
These individual choices are 
aggregated to determine system-

considering capacity constraints. 
These models can be used to 
predict stop-to-stop occupancies 
and revenue under new schedules. 
Additionally, we are working on 
integrating this with another 

assignments for a heterogeneous 
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transfer stop.

to-trip assignment models with a passenger assignment 

BRIEF 
PROJECT 
SUMMARY

Start

At bus 
Stop

Choice set 
generationExit

no possible
journey

Choice 
model

set of 
journeys

preferred
journey Boarding 

action
no

yes

Reached
target?

Choice 
parameters

no

yes

Update 
query

Transit 
fleet

Input data

Functions

Post 
Processing

OD 
Matri x

Finished
?

noyes

New agent

40



Traditional methods for determining passenger prefer-

-

-

FUTURE 
RESEARCH

i.  6 - 7pm

ii.  7 - 8pm

iii.  8 - 9pm

than 0.8.

KEY 
FINDING
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Efficient 
Journey 
Planning 
Applications 
for BMTC

ARTICLE NINE
PROF. TARUN RAMBHA
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Efficient 
Journey 
Planning 
Applications 
for BMTC

POTENTIAL 
BENEFITS 
TO BMTC

Transit ridership heavily depends 

Planner” feature can be enhanced 

with state-of-the-art algorithms. 

Contemporary routing engines 

Pareto-optimal journeys, which 

are journeys that cannot be 

outperformed by other journeys 

feature is currently absent in the 

app.
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1. Latency Issues

2. Multi-Modal Queries -

-
-

-

3. Additional Filters: Besides time and transfers, transit us-

transfers.
4. Information Overload: For a given origin-destination 

-

options.
5. Query Type

-

BRIEF 
PROJECT 
SUMMARY
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While these routing algorithms provide all non-dominat-

-

KEY 
FINDING

FUTURE 
RESEARCH
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Addressing 
bus-
bunching 
issues 
using 
real-time 
holding 
strategies

ARTICLE TEN
PROF. TARUN RAMBHA
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POTENTIAL 
BENEFITS 
TO BMTC

Many BMTC routes operate at a 

high frequency, which can lead to 

bus bunching, where two or more 

buses on the same route are next 

to each other. In this project, we 

apply dynamic holding strategies 

to adjust the schedules in real-

time at an intermediate control 

point where there is enough space 

for buses to park. These strategies 

can improve the reliability of 

transit operations and distribute 

passenger loads evenly.
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PROJECT 
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interest.

KEY 
FINDING

FUTURE 
RESEARCH

of estimated time 
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