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Introduction

� Decision-makers are becoming more aware of the need to implement 
solutions that promote the achievement of sustainable transportation. 

� However, in Sri Lanka, no comprehensive tool has been developed to 
monitor the progress of transportation systems towards or away from 
sustainability. 

� There is a need to explores concepts related to the definition of 
sustainable transportation and the selection of indicators suitable for 
Sri Lanka. 

� This presentation focuses on the initiatives that have been taken to 
move towards achieving sustainable targets in transport and 
methodologies developed in monitoring and evaluating possible 
performance indicators. 



Sustainable Development Goals -
Transport

� Goal 3.6 - By 2020, halve the number of global deaths and injuries from road 
traffic accidents 

� Goal 7.3 - By 2030, double the global rate of improvement in energy 
efficiency 

� Goal 9.1 - Develop quality, reliable, sustainable and resilient infrastructure, 
including regional and trans-border infrastructure, to support economic 
development and human well-being, with a focus on affordable and 
equitable access for all

� Goal 11.2 - By 2030, provide access to safe, affordable, accessible and 
sustainable transport systems for all, improving road safety, notably by 
expanding public transport, with special attention to the needs of those in 
vulnerable situations, women, children, persons with disabilities and older 
persons



�Goal 12.c - Rationalize inefficient fossil-fuel subsidies that 
encourage wasteful consumption by removing market distortions, in 
accordance with national circumstances, including by restructuring 
taxation and phasing out those harmful subsidies, where they exist, 
to reflect their environmental impacts, taking fully into account the 
specific needs and conditions of developing countries and 
minimizing the possible adverse impacts on their development in a 
manner that protects the poor and the affected communities



Indirect
� Agricultural productivity (Target 2.1), 

� Air pollution (3.9), 

� Access to safe drinking water (6.1.), 

� Sustainable cities (11.6),

� Reduction of food loss (12.3), 

� Climate change adaptation and mitigation (13.1)



Proposed Indicators
� 3.6.1 - Death rate due to road traffic injuries - Per 100,000 population

� 7.3.1 - Energy intensity measured in terms of primary energy and GDP -
Megajoules per USD constant 2011 PPP GDP

� 9.1.1 - Proportion of the rural population who live within 2 km of an all-
season road

� 9.1.2 - Passenger and freight volumes, by mode of transport - Freight 
volume (tonne kilometres) by road transport, Passenger volume (passenger 
kilometres) by road transport, Freight volume (tonne kilometres) by rail 
transport, Freight volume by air transport, Freight volume (tonne 
kilometres) by air transport, Mail volume (tonne kilometres) by air 
transport, Passenger volume by air transport, Passenger volume (passenger 
kilometres) by air transport



� 11.2.1 - Proportion of population that has convenient access to 
public transport, by sex, age and persons with disabilities

� 12.c.1 - Amount of fossil-fuel subsidies per unit of GDP (production 
and consumption) and as a proportion of total national expenditure 
on fossil fuels



Issues

�Data Availability

�Establishing baselines

� Identifying trends

�Predicting problems

�Assessing options

�Setting performance targets



Initiatives 
� Improved accident database

� Walkability Index 

� Driving cycle for Sri Lanka

� Center for Intelligent Transport Systems

� Use of Big Data



Sri Lanka Accident Data Management System 
(SLADMS)

� SLADMS was first introduced in 2013 to replace the existing MAAP 
application used by Sri Lanka Police. 

�MAAP application’s technology was outdated by that time and the 
system could be no longer maintained. 

� The project of developing SLADMS’s standalone version (was started in 
University of Moratuwa in 2012) as a solution to overcome the 
inefficiencies and difficulties associated with MAAP application. 

� As a result the SLADMS system was deployed and police officers were 
trained to manage the system. 

� The performance and feature enhancements (including a sophisticated 
visualization tools such as the Map module) made it possible to lead 
accident data analysis in a novel approach. 



Walkability Index
� Walkability - Extent to which the built environment is friendly to 

the presence of people living, shopping, visiting, enjoying or 
spending time in an area



Pedestrian facilities are evaluated under nine 

elements qualitatively 
◦ Walking path modal conflict

◦ Security from crime

◦ Crossing safety

◦ Motorist behavior

◦ Amenities (Cover, benches, public toilets, street lights)

◦ Disability Infrastructure and Sidewalk Width

◦ Maintenance and Cleanliness

◦ Obstructions

◦ Availability of Crossings
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Global Walkability Index
Holly Krambeck (1996) 







http://www.walkscore.com







Need For Improvements
Existing walkability measures either 

� Rank roads based on a level of service criteria using qualitative 
measures that are very subjective or 

�Uses few land use parameters only, disregarding the quality of the 
facilities available.
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Walkability Scorecard Model
� A model capable of pedestrian facilities in road links to compare 

different road links and to identify deficiencies in a given road.

� In the proposed model, a score as a percentage is finally obtained 
from the evaluation. 

� Where, 100% means a perfect road to walk and 0 means the worst 
condition for walking.  

� This could be used in detail to compare two or more roads.  

(A score card to evaluate pedestrian safety in urban environments using 
walkability measures, I Dias & S Bandara - Injury prevention, 2012)



Parameters considered

1. Presence  and continuity of sidewalks

2. Effective width of sidewalks

3. Surface condition of sidewalks

4. Albedo (solar reflection ability)

5. Modal conflict

6. Availability of crossings

7. Delay at crossings

8. Amenities & aesthetics

9. Disability infrastructure

10. Pedestrian security
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A Model to Prioritize Pedestrian Facilities 
Requirements in an Urban Area

� A study to developed a model to prioritize road links for provision of 
pedestrian facilities in small and medium cities.

� The model developed with three basic parameters namely;
� Pedestrian demand

� Connectivity 

� Evaluation of existing pedestrian facilities

� Finally a point scoring frame work was developed for prioritization 
of road links with an evaluation of existing pedestrian facilities



Driving Cycle Development
� This Study proposed an economical, practical, accurate methodology for 

the development of driving cycles, including the development of a 
driving cycle for Colombo, Sri Lanka. 

� The proposed methodology captures regional traffic and road conditions 
and selects a model that represents the collected data sample with 
minimum available traffic-related information.

� Route selection was done by dividing routes into links using nodes or 
physical junctions to minimize the number of trips required for data 
collection. 

� Speed–time data for respective links were used to reconstruct speed–
time profiles of identified origin–destination pairs. 

� The on-board method was used for data collection, and the Markov 
chain theory was used to develop a transition probability matrix of state 
changes.



Driving cycle concept to evaluate fuel efficiency 
of existing roads



Publications
Galgamuwa, U., Perera, L. and Bandara, S. (2016) “Development of a Driving Cycle for 
Colombo, Sri Lanka: An Economical Approach for Developing Countries”, Journal of 
Advanced Transportation, Vol 50, Issue 7 pp 1520-1530, Nov. 2016

Uditha Galgamuwa, Loshaka Perera, Saman Bandara, “A Representative Driving Cycle for 
the Southern Expressway Compared to Existing Driving Cycles", Transportation in 
Developing Economies, 2:22 (2016), http://rdcu.be/km2T

Uditha Galgamuwa, Loshaka Perera, Saman Bandara, “Developing a General 
Methodology for Driving Cycle Construction: Comparison of Various Established Driving 
Cycles in the World to Propose a General Approach” Journal of Transportation 
Technologies, 2015, 5, 191-203, http://www.scirp.org/journal/jtts, 
http://dx.doi.org/10.4236/jtts.2015.54018

U Galgamuwa, L. Perera, S. Bandara, “Driving Cycle Concept to Evaluate Fuel Efficiency 
of Existing Roads”, Sri Lanka Energy Empowered Nation – Research Findings, Vol. 1, No 
01 (2015), Research Journal of the Ministry of Power and Renewable Energy, ISSN 2478-
0669



Center for Intelligent Transport Systems
Main objective of this center is to facilitate inter-disciplinary research 
in the focus area of Intelligent Transport Systems (ITS) and become 
the primer research institute for ITS studies in the South Asian 
Region.

Secondary objectives are:

� Contribute towards improving transport services in the country and the 
region using new technologies to achieve comfortable, safer, 
environment friendly and fuel efficient transport operation

� Increase inter-disciplinary research initiatives and dissemination of 
knowledge in the study area in terms of research publications, research 
degrees, training programmes, conferences and workshops

� Seek external funding for collaborative work in the area of ITS.



On-going activities
� Vision based traffic monitoring and control

� Improvements to Sri Lanka Accident Data Management System

� Development of Automated Traffic Violation Detection and Fine 
Collection System

� V2x Communications for alleviating traffic congestion and enhancing 
road safety

� Evaluation of Road conditions and correlations with travel patterns for 
different types of roads and vehicle categories

� Big data for Transport modelling, Project Evaluations & Land use Planning 



Vision based traffic monitoring and control
� Vision-based techniques are becoming increasingly popular in traffic monitoring 

mainly due to the accuracy it can deliver over the other techniques tested to date. 

� One drawback however in vision is its computational intensity and therefore the slow 
processing speed, which makes it unfit for real-time deployment. 

� In this research, the main focus is to trade vision processing complexity with accuracy 
so that vision processing can be speeded up to the level of real-time deployment 
while maintain a reasonable level of accuracy in traffic sensing. 

� Using general purpose embedded cameras such as raspberry pi, vehicle shapes can be 
identified by simple edge-detection. 

� Road can be segmented and the edge pixel density in each segment can be calculated. 

� The chronological variation of the edge pixel in segments would probably be a useful 
indicator of the flow. 

� If this method is accurate enough, then traffic monitoring process can be made fast 
enough for real-time traffic monitoring. 



Figure below shows some preliminary results in that one segment of 
the road is processed for vehicle edge-detection.



Improvements to Sri Lanka Accident Data 
Management System
� The proposed system is about expanding the features associated with previous 

SLADMS system through a web based unified platform and introducing more 
sophisticated tools into accident data analysis. 

� Also this new web based system eliminates the difficulties and inefficiencies in 
data transfer naturally arise from a standalone application.

� Advanced visualization modules and statistical modeling related to decision 
making will be introduced in Future. 

� Also supportive standalone software which can be used to accelerate data 
collection will be introduced in this phase. 

� The next phases would be integrating road accident records in hospitals into the 
SLADMS. 

� This will allow further evaluations to be carried out with respect to accident 
related injuries and costs.



Development of Automated Traffic Violation 
Detection and Fine Collection System

� Traffic violations have been identified as a major reason for unnecessary 
traffic congestions and deteriorating road safety standards. 

� There is a need to research into optimizing the resources that could to be 
used for both traffic management and violation detection. 

� Improving an integrating existing data bases on vehicle registration, 
driver licensing, police detections and fines issued and to facilitate the 
proposed (already in effect but not yet implemented) driver 
improvement point system. 

� Connecting these databases to accident database and fine collection 
mechanism through post offices, mobile phones, internet etc. and 
technologies to be used will also be looked into.



V2x Communications for alleviating traffic 
congestion and enhancing road safety
� DSRC (Dedicated Short Range Communications) enable a variety of 

Vehicle to Vehicle/ Infrastructure/ Pedestrian (V2x) applications, and is 
expected to play a major role in ITS in future.  

� Next generation mobile phones are expected to have built-in DSRC 
capability, which would no doubt accelerate the adoption of DSRC in ITS. 

� Our current work in the area of ITS includes setting up of an open source 
simulation framework, VEINS, which bidirectionally couples a vehicular 
traffic simulator (SUMO) and a communications network simulator 
(OmNet++).  

� Through this versatile simulation framework, performance of basic 
autonomous vehicle applications implemented with DSRC can be 
evaluated. 



� Poor visibility of roadside traffic signs has been identified as a major 
cause for accidents as well as inadvertent traffic violations. 

� To address this problem, driver assistance systems supported by DSRC-
enabled static and dynamic roadside traffic signs are proposed to be 
studied for their performance.

� Suitable communications protocols to enable fast acquisition of data 
packets broadcast from roadside infrastructure by passing vehicles will 
be designed and their performance studied through simulations. 

� Real-life experiments will be carried out via prototype DSRC hardware to 
further establish the practical applicability of these applications and 
their effectiveness in improving safety on the road.

(in collaboration with University of Bremen, Germany )



Evaluation of Driver Behaviour & Road 
conditions
� Knowledge on road conditions is important information for road 

maintenance planning, vehicle operating costs, route planning etc. 

� Road condition surveys using accurate equipment is time consuming and 
expensive and not practical to get information at frequent interval and 
to cover roads at all levels. 

� Developing correlations between road condition, geometry and travel 
time using mobile applications and Google data and maintaining road 
condition database for the entire road network will be very useful to the 
road users and road authorities.

� It is proposed to research in to use of mobile applications to evaluate 
road conditions using smart phone or less expensive on-boards 
equipment that could collect other vehicle performance information and 
to develop a database structure so that data could be shared with 
relevant stakeholders



IoT & Data Analytics Based Architecture

Real-time analysis

◦ Driving anomaly detection

◦ Fuel fraud

◦ Geo fencing

◦ Vehicle fault detection

Historical analysis

◦ Driver profiling

◦ Driver coaching

◦ Predicting sensor failure

◦ Case analysis
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OBD2 Based Analysis

OBD – On Board Diagnostics

◦ Available in many vehicles since 1996

◦ OBD2 – In most vehicles since 2005

◦ Speed, RPM, Odometer, Cooleant Temperature, Padle Position, Oxygen, Mass Air Flow, etc.
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Driver Profiling
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Reckless driving detection 

via accelerations & 

deceleration

Anomaly Detection



Preventive Maintenance

Mass Air Flow (MAF) sensor failure prediction
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Fuel Consumption Prediction of a Long 
Distance Bus
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Actual Fuel Consumption : 84.08L

Predicted Fuel Consumption : 91.77L

Error : 9.1%



On Going Work
� Driver profiling & feedback

◦ Beyond acceleration profile

◦ Correlating with location, time, traffic, & weather

� Descriptive & Predictive Analysis of RMC delivery
◦ GPS, OBD2, & fuel sensor data

� Process re-engineering
◦ Automated driver scheduling for Vehicle Delivery

◦ Automated RMC delivery scheduling with multiple plants

◦ Automated heavy-goods delivery scheduling with multiple plants
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Roughness Computation Method

� Main Issue- Lack of funding for maintenance and resources

� In Sri Lanka planning decisions on maintenance are mostly taken based
on subjective judgment/ad-hoc decisions without a consistent objective
basis

� Fund allocation can be optimized if the decision making can be
supported by up to date information of the road network condition



Roughness Measurement
Road Roughness is very useful for road agencies because it can be used to assess the road
condition and be used in decision making process for maintenance planning and
programming

But existing measurement technologies used in Sri Lanka like Profilometer are very expensive



Roughness Measurement Using  Smartphones

� A 3-Axis accelerometer is one of the most
common sensors found in a modern
smartphone

� The Objective is to demonstrate how
Androsensor application can be used for the
measurement of roughness

� The smart phone apps based method is
classified as a Class 3 measurement method.
Compared to Class 1, 2 it has less accuracy and
precision.

� However it is comparatively low cost



Data Collection & Methodology Used

� IRI readings from Profilometer

� Accelerometer readings –Using Androsensor app for the same
road section

� A 4WD cab is used as the experimental vehicle

� Smartphone fixed vertically on the windshield of the vehicle
in a steady position.

� Then drive the vehicle with normal driving condition along
many roads that have different surface conditions

� Regression analysis - To find a relationship between
accelerometer readings and IRI from profilometer



Data Analysis Results



Comparison of IRI Values



Use of Big Data
Three methods of data gathering using Google Maps APIs and Facebook 
Graph API, in which the analysis is based on machine learning principles 
and natural language processing. 

Four case studies based on 

i). Google traffic data to evaluate road performance,

ii). Google traffic data to monitor transport projects 

iii). Google places data for identification of dynamic land use performance

iv). Facebook comments to evaluate public opinion to evaluate projects

The proposed methodologies performed well within an experimental 
workbench and the application to real project scenario is expected to 
perform.



Collecting Data From Google Traffic Layers







Evaluation of Restaurant Popularity in Colombo



Evaluation of train station popularity in Colombo



Bus information system



Measuring Particulate Matter
Development of a low cost portable device
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EXTRAORDINARY

The Gazette of the Democratic Socialist Republic of Sri Lanka

(Published by Authority)

PART I : SECTION (I) — GENERAL

Government  Notifications

1A

L.D.B. 4/81.

THE  NATIONAL  ENVIRONMENTAL  ACT,  No. 47 OF 1980

REGULATIONS made by Minister of Environment and Natural Resources under Section 32 of the National

Environmental Act, No. 47 of 1980.

PATALI CHAMPIKA RANAWAKA,

Minister of Environment and Natural Resources.

Colombo,

13th August, 2008.

Regulations

The National Environmental  (Ambient Air Quality) Regulations, 1994,  published in Gazette Extraordinary,

No. 850/4 of December, 1994 are hereby amended by the subsitution for the Schedule to that regulation of the following :-

 “ SCHEDULE

Maximum Permissible

Pollutant Averaging Level  + Method of measurement

Time*

µgm-3 ppm

1. Particulate Matter - Annual 50 — Hi-volume sampling and

Aerodynamic  diameter Gravimtric or Beta

is less than 10 µm in size (PM 
10 
) 24 hrs. 100 — Attenuation

2. Particulate Matter - Annual 25 — Hi-volume sampling and

Aerodynamic  diameter is less Gravimtric or Beta

than 2.5 µm in size (PM 
2.5
 ) 24 hrs. 50 — Attenuation

Parameter
Avg. 

Time

Maximum 

Permissible Level 

(μgm3)

Particulate Matter- Aerodynamic 

Dimeter is less than 10μm in Size 

(PM
10

)

Annual 50
24 Hrs 100

Particulate Matter- Aerodynamic 

Dimeter is less than 2.5μm in Size 

(PM
2.5

)

Annual 25
24 Hrs 50

Legal Framework 

Mandatory requirement in 

Environmental Impact 

Assessment (EIA) reports.



Existing Situation

Dust Monitoring Devices 

Air Quality Measuring Vehicle

Cost - $7,000 per session

Dust Monitor DustTrak DRX TSI 8533

Price - $10,950.00
TSI 8534 Handheld DustTrak DRX

Price - $9,350.00



Basic Concept

Real Time data 

Collection 



Solidworks® Model Of Final Product

Estimated Product Cost – 40,000 LKR 



Thank you


