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Abstract

The selection of an appropriate approach to collect adequate data for proactive safety evaluation, considering the
availability of resources and other facilities, is a very critical issue, particularly in a developing country setting.
Unlike in developed countries, traffic monitoring and data recording are not usually well-entrenched tasks in
most developing economies. Moreover, there is a significant shortage of resources, trained manpower and other
facilities. In addition, heterogeneous traffic and in disciplined road environments make it more complex to
capture different attributes of driving behaviour and to evaluate safety risk. Therefore, data collection is often
expensive, time-consuming and sometimes inaccurate. Whereas the collection of reliable and accurate data
through an effective and efficient procedure is essential to perform safety analysis, evaluation and modelling.
The study reported here made a comprehensive review of different approaches to data collection for traffic
conflict evaluation. The available approaches can be broadly categorized into two major methods, namely the
observational method, in which a conflict is observed from real traffic scenario; and the simulation-based
method, in which a conflict is estimated from simulation of an actual traffic situation. The former approach,
which has been used for many years, can be sub-divided into three major groups according to the way in which
data is collected, namely field observation, computer vision techniques and naturalistic driving. At the very
outset, this paper made a brief summary of those practiced approaches. The advantages, disadvantages and
requirements of each technique are also highlighted. Finally, an adopted technique has been described to collect
data for proactive safety evaluation in developing countries, considering the resource and other limitations.

Keywords: Data collection, safety evaluation, observational study, developing countries, adapted
technique

1 Introduction

In spite of promising opportunities to apply pro-active surrogate proximity measures, past research and
application of conflict studies in developing counties is very limited. Most of the methods have been developed
for urban settings which are mainly applicable to intersections in developed countries (Mahmud et al., 2018a;
Mahmud et al., 2017; Zheng et al., 2014). The extent, to which these measures would be applicable in the non-
lane base heterogeneous traffic environments, has not yet been proven. Unlike developed countries, there is acute
scarcity of data acquisition resources, such as traffic monitoring and data recording systems, shortage of trained
manpower, non-availability of vantage positions along rural highways, to observe vehicle trajectories and driver
behaviour and other relevant logistics. Heterogeneous traffic and weak lane discipline road environments make it
complex to capture different attributes of driving behaviour and to evaluate safety risk. Therefore, data collection
is often expensive, time consuming and sometimes inaccurate. In addition, defining safety risk using conflicts
deals with traffic movement and driving behaviour and precise information needs to be extracted from different
perspectives and dimensions including speed, direction of movement, acceleration, deceleration and position of
vehicles.

The authors made a comprehensive study on modelling driving behaviour and safety risk in two-lane rural

highways in developing countries. One of the major contributions of this study was the development of a low-
cost technique to collect primary data. The main contribution of this paper is the development of a modified data
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collection technique considering the resource limitations in a two-lane two-way highway with a heterogeneous
traffic environment in Bangladesh.

For selecting an appropriate methodology of data collection, the study made a comprehensive review of different
methodological approaches for collection of on-site conflicts and crash risk data. Finally, a combined approach
including an observational study and a naturalistic driving method was selected. After a detailed review and
analysis of reported crashes and other data, the study selected the Jamuna Bridge approach roads, one of the
major national highway sections in Bangladesh, as a study area based on a number of criteria. On-site data was
collected for a total of 7 days in December 2016 and January 2017. This paper provides a detailed description of
the data collection technique. A brief review of different data collection techniques for conflict and safety risk
evaluation is also presented.

The paper is organized as follows. The next section provides the context of the application of TCT. Section 3
reviews the different techniques, including field observation, computer vision and naturalistic driving. Field
observation includes subjective, objective and combined approaches. Section 4 outlines the adapted data
collection technique with a case study from a two-lane two-way highway in Bangladesh. Finally, a summary of
findings and future research directions are provided.

2 Context of the application of TCT

Traditional approaches to traffic safety evaluation, such as historical crash data and field observation, have
limitations due to underreporting and inconsistent recording of crashes in developing countries (Autey et al.,
2012; Cunto, 2008; Essa & Sayed, 2015). Traffic Conflict Techniques (TCT) are a proven alternative, as they do
not rely on historical crash data or subjective judgment. TCTs capture conflict data objectively and quantitatively
within a shorter time period, reducing time-dependent factors and ethical issues. However, challenges such as the
reliability of human observers and the cost of data collection remain. Micro-simulation modelling has been
developed for conflict-based safety evaluation, but its application in non-lane-based heterogeneous environments
remains an open question. Accurate information on traffic movement is crucial for evaluating conflicts and
applying TCTs (Chin & Quek, 1997; Mahmud et al., 2017; Yang et al., 2010; Zheng et al., 2014). Therefore,
developing a reliable, efficient, and cost-effective data collection system is essential for successful application of
traffic conflict techniques.

3 Conflict Data Collection Techniques

Two major approaches for traffic conflict data collection are found in the literature, namely the observational
method, in which a conflict is observed from a real traffic scenario, and the simulation-based method, in which a
conflict is estimated from a simulation of an actual traffic situation. The former approach, which has been used
for many years, can be subdivided into three major groups according to the way in which data is collected,
namely field observation, computer vision techniques and naturalistic driving. The micro-simulation-based
approach is relatively new and has received considerable interest from road safety researchers in recent years
(Mahmud et al., 2018b).

A third approach has recently been used in some large-scale projects, particularly in developed countries, termed
as naturalistic driving approach. The latter uses instrumented vehicles that record a large amount of data
continuously from different perspectives, including the driver, the vehicle and the surrounding environment,
during everyday driving throughout the driving path of the vehicle. Therefore, this approach rather than
providing focus only on the traffic safety issue, focuses on the entire driving behaviour, coupled with road
geometry, as well as the road and roadside environment. Detailed descriptions of these three methods are
provided in the next sections.

3.1 Field Observation

3.1.1 Subjective approach

Conflict studies initially relied on subjective judgment, using on-site field observation. This method was popular
in the 1970s and 1980s due to its simplicity, flexibility, and lack of image processing systems. However, some
researchers argue that this method is low-quality and difficult to cross-validate, making it less reliable (Cooper,
1977; Engel, 1985; Williams, 1981).

3.1.2 Objective approach

The objective approach for conflict data collection, based on film or video analysis, was introduced to improve
reliability and validity. This method involves continuously recording intersection actions onto 13mm motion
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picture film, allowing for the calculation of vehicular motion values. However, this approach has limitations due
to video recording (Hayward, 1971). As a result, the focus has shifted towards the subjective approach based on
field observation. Guidelines for traffic conflict techniques have been published in countries like Sweden, the
US, Holland, and Germany, known as Swedish Traffic Conflict Technique (STCT), U.S. Traffic Conflict
Technique (USTCT), Dutch Traffic Conflict Technique (DOCTOR), and German Traffic Conflict Technique
(Hydén & Linderholm, 1984; VVan der Horst & Kraay, 1986).

3.1.3 Combined (objective and subjective) approach

The objective approach to conflict detection has been validated due to factors such as field observers considering
more information about conflict situations than any single objective measure. The development of advanced
digital video and image processing systems has led to the practice of combined objective and subjective
observation (Ann et al., 2009; Kraay et al., 2013; Lund-University, 2014). This approach involves observers
reviewing vehicle movement using videotape collected at survey sites, in addition to on-site field observation.
Observers are trained to document conflicts, review data from the video, and make necessary adjustments. This
approach has been successfully applied in numerous studies, but reliability remains a crucial issue due to the way
conflicts are defined and the weighting of severity. Field observation can be expensive, environmentally difficult,
and labor-intensive, and recording conflicts in complex traffic situations requires expertise (Autey et al., 2012).
The presence of observers and camera placement may influence road users' behavior.

3.2 Computer Vision Techniques (CVT)

Computer vision techniques have gained significant attention in research and practice over the last 20 years due
to the loss of human lives and property damage due to traffic incidents, advancements in computer vision
research technologies, and the convenience of running computation-intensive video-processing algorithms.
However, limited attempts have been made in practice to detect traffic conflicts (Atev et al., 2005; Hu et al.,
2004; Kamijo et al., 2000; Messelodi & Modena, 2005; Saunier & Sayed, 2007)).

Through these techniques, conflict data can be extracted automatically from video sensors, providing an efficient
and reliable way to collect, store, and analyze traffic behavior data. Video data offers a permanent, verifiable
account of road user behavior, and analyzing the position of a road user in space and time can greatly improve
the estimation of exposure and other parameters of road safety analysis (Ismail et al., 2009; Saunier et al., 2010).

The literature mainly focuses on the concept, development, or enhancement of different parts of the technique,
ranging from camera calibration to conflict detection and validation. There are significant opportunities to
improve algorithms, develop sophisticated conflict identification and discrimination frameworks, and conduct
further experiments for different traffic conditions, particularly in heterogeneous traffic, to encourage wider
application and validate the technique for all roadway environments (Sacchi & Sayed, 2013; Saunier et al.,
2011).

3.3 Naturalistic Driving

Naturalistic driving is a new approach to traffic safety evaluation, recording longitudinal traffic conflict data
throughout a vehicle's driving path. Researchers use advanced data acquisition systems, such as cameras, GPS,
and sensors, to continuously record vehicle manoeuvres, driving behavior, and external conditions for several
months or years. Traffic conflicts or near crashes are identified using kinematic triggers through instance
searching of sudden deceleration below a certain threshold. Recent studies using this approach have shown great
promise in the U.S., Europe, Canada, and Japan (Bagdadi, 2013a, 2013b; Guo et al., 2010; Jonasson & Rootzén,
2014; Uchida et al., 2010; van Schagen & Sagberg, 2012; Wu & Jovanis, 2012).

The Naturalistic Driving Study gathers data from various sources, including numerical driving parameters, video
data, driver reaction, movement, eye contact, and geographical data. This data offers detailed insight into traffic
accidents, the chain of events of conflict, and causative factors of the safety continuum. However, the amount of
data collected requires extensive manual work to identify hazardous situations. Manual review of video data is
necessary to determine the sensitivity and specificity of the filtering procedure. The presence of a human
observer also influences driver behavior, making the study with a Highly Instrumented Vehicle (HIV) less
naturalistic. The validation of traffic conflict techniques using NDS data depends on the recording of crash or
near crash by a participating instrumented vehicle, and a randomly selected driver may not participate willingly
for detailed monitoring (Zheng et al., 2014;Valero-Mora et al., 2013).
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4 Adapted Data Collection Technique: A Case Study

For the study reported here, one of the major tasks was the data collection on a two-lane bidirectional highway of
developing country. The study adapted a combined approach, including observational and modified naturalistic
driving methods. The main framework and tasks of this adapted data collection methodology are shown in Figure
1. The process can be categorised under four broad categories, namely; field observation; segment-based
cameras; end of section cameras; and floating vehicle naturalistic driving vehicle data. The study applied this
approach on the Jamuna Bridge approach road, a section of a major highway in Bangladesh. This on-road field

data collection period was for 7 days. A brief explanation for each category of activities is provided below.
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Figure 1: Overall data collection methodology

4.1 Field Observation

Continuous observations were made whilst video data was being captured. Several pre-set attributes related to
driver behaviour were collected and cross-checked with the video data. In addition, road geometry, roadway
condition, road surface and side friction, traffic composition, road abutting land use pattern, the degree of access
control and spot speeds were collected by the field observers. Roadside interviews were also conducted among
road users and different modes of transport operators. Observers also recorded time mean speed (TMS) at
different locations for three consecutive days, at morning and evening time periods, using a speed gun.

4.2 Segment-Based Cameras

Two high-resolution video cameras (approximately 6590K pixels) were mounted on 3.5m long ladders at pre-
selected sections of the road, in each section for 3 days. The distance between the cameras was 200m and 150m
in the first and second sections, respectively. A supplementary camera was also attached for a period of time to
enable the capture of complete overtaking manoeuvres. The observation section was marked at 25m intervals on
both sides of the road for the speed parametric study. Permanent roadside features were also used as benchmarks
or supplementary reference points for distance calibration and validation purposes.

4.3 End Cameras

Two cameras were fixed in the middle of the carriageway at an intersection channelisation island to match the
sequence of entry and exit vehicles, as well as to register the actual flow and vehicle composition. Fixed cameras
were placed at both ends of the entire section. Figure 2 shows the placement of all cameras diagrammatically.
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Figure 2: Placement of cameras and observers

Here,
L1 & L5 = West and East ends, respectively.
L2 = 5.5 km from the West end.
L3 = Centre line of the road section.
L4 = 7.4 km from the West end.

4.4 Floating Vehicle

An instrumented vehicle (microbus) was used to gather data on driving behaviour, as well as to continuously
monitor vehicle speed. Two in-vehicle cameras were attached to the front dashboard and rear side of the vehicle
to track the movements of the leader and the follower. Another camera recorded the speedometer reading. The
third camera enabled the continuous monitoring of vehicle speed on a second-by-second basis. Coupled with the
continuous video recording, two observers recorded all overtaking events and any other risky driver’s behaviour
throughout the period. The video footage also includes an audio record of any prompts made by the camera
operator regarding essential data items, such as the identity of the overtaking vehicle and the details of any
manoeuvres deemed to be risky.

The driver was instructed to drive normally at all times during the entire period of data collection. However, to
justify the normal behaviour of the floating vehicle driver, some of the driving attributes were compared with
those of the general traffic. These attributes include space mean speed (SMS), time mean speed (TMS),
maximum and minimum spot speed, travel time, the number of overtaking events, and average overtaking
distance.

4.5 Secondary Data Collection
Also reported, secondary data was collected from the Bridge Authority and the Bangladesh police. This included
historical crash data, traffic flow, weigh-bridge data and speed data captured during police patrolling.

6 Conclusions

Collection of reliable and accurate data through an effective and efficient procedure is essential to perform safety
analysis, evaluation and modelling. In a developing country setting, the selection of the study area, as well as the
collection of adequate data, presents significant challenges. Unlike in developed countries, traffic monitoring and
data recording are not usually well-entrenched tasks in most developing economies. Moreover, there is a
significant shortage of resources, trained manpower and other facilities. As a result, the selection of the study
area and the collection of data are major challenges.

For selecting an appropriate methodology of data collection, a comprehensive review of different methodological
approaches for the collection of on-site conflicts and crash risk data is necessary. Some key findings are in
below:

e Two major data collection approaches are found in the literature, namely observational and simulation;

e Three types of observational methods are available according to the way in which data is collected,
namely field observation, computer vision techniques and naturalistic driving;

e Field observation can be subdivided into subjective, objective and combined approaches;

e In the combined approach, observers review the movement of vehicles using videotape collected at the
survey sites in addition to on-site field observation. This approach has been successfully applied in
many studies;

e In computer vision techniques, conflict data can be extracted automatically from video sensors
objectively and efficiently and has recently received considerable attention;

e Most of the applications have been undertaken for lane-based homogeneous traffic flow in urban
intersections in developed countries; and

e Naturalistic driving is not suitable for small-scale individual studies, as it is expensive, time-consuming,
and most of the collected data may not be fully available to the research community.
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Finally, a study on proactive safety assessment using surrogate safety measures on highways in developing
countries used a combined approach of observational data and naturalistic driving. Two high-resolution video
cameras were mounted at pre-selected sections of the road, and data was collected for three consecutive days.
Continuous observations were made while video data was being captured, and an instrumented vehicle was used
to gather data on driving behavior and speed profile. Secondary data, including traffic flow and historical crash
data, were collected from the Bridge Authority and the Bangladesh Police. Validating the approach using data
from other roadway segments could be valuable for future work. Improved conflict identification and
discrimination frameworks are needed to better use extracted information and provide more insight into
fundamental safety levels. Further experiments are needed for different traffic conditions and improved data
collection techniques.
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