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CHAPTER |1 INTRODUCTION

1. Introduction
1.1. Statement of problems

Road crash is a serious problem causing Thai citizen deaths about 10,000 people
annually (Royal Thai Police, 2013), as shown in Figure 1. According to the World Health
Organization (WHO) Global Status Report in the year 2015, Thailand was ranked as the
second highest fatality rate worldwide. It was estimated that Thailand has the road crash
fatality rate of 36.2 persons per 100,000 populations (WHO, 2015).
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Figure 1 The trend of road traffic accidents in Thailand
Data source: Royal Thai Police (2013)

In the past, various road safety research and measures were conducted to tackle
with road crash problems. The development of road safety maps/databases is one of
the effective tools for safety professionals to understand the bottom of the issues and to
efficiently propose active measures and actions to correct the unsafe problems.

In Thailand, various concerned authorities have developed a variety of road crash
databases (ATRANS, 2015), for example, the police database, called POLIS, developed
by the Royal Thai Police (RTP), the Highway Accident Information Management System
(HAIMS) developed by the Department of Highways (DOH), the Accident Report
Management System (ARMS) developed by the Department of Rural Roads (DRR), the
Emergency Medical Service (EMS) database developed by the Ministry of Public Health
(MOPH), and the Thai Road Safety Collaboration database (ThaiRSC) developed by the
Road Accident Victims Protection Company Limited (RVP). From the literature, the
developed databases have been used separately for different purposes and lack of an
integration, as shown in Figure 2. In addition, most of the safety maps present the
locations where people are being killed and seriously or slightly injured.
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Figure 2 Road accident reporting and databases in Thailand.
Source: ATRANS (2015)

Distinctly, the safety map developed by the Honda company in Japan collects the
sudden braking information from Inter-Navi system in the Honda cars running over the
country, and the traffic accident information from all road users. This safety map has
been developed from the voice of everyone in the hope and looks forward to the world
that everyone can live in peace more (Honda Motor Co., Ltd., 2017).

ATRANS launched a 3-year common research project (the Year 2014-2016) to
tackle the road safety issue. The research project focuses on the development and
implementation of the interactive road safety map application called “ATRANSafetymap”
(or shortly ATRANSafety App). The application could

¢ allow anyone to easily access and perceive the incident/crash information for

traveling daily or during national holidays (e.g. New year, Songkran festival);

e allow concerned authorities to apply the collected data of crash and risk

locations for enhancing road safety, e.g., identification of hazardous locations
(passive approach), implementation of road safety audit (active approach);

e be further developed by integrating previous ATRANS research tools, for

example, driving styles evaluation using smartphones.

The ultimate outcome of this research would increase attention and awareness
of local people and road safety related agencies in perceiving that road accident is a
high risk for himself/herself, his/her family, and the society. If so, with no enforcement
their behavior would change to be a safety culture.

The common research project is divided into three phases as shown in Figure 3.
The details of each phase are explained comprehensively as follows.
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Figure 3 Development of ATRANSafety Applications for Safe Communities.

Phase 1: Review of current practices (the Fiscal year 2014)

The effort was made to explore road traffic safety databases. The literature review
showed that various road safety maps and databases have been developed under
different platforms for different purposes. Among them, the HONDA safety map and its
database are one of the potential prototypes that could be applied to Thailand. Various
potential sources of road crash data and high-risk location (Hiyari) data required for the
ATRANSafety App were highlighted. In this phase, the two workshops were held mainly
in Khon Kaen and Hat Yai in order to collect the data of crash locations and high-risk
locations based on the experience of local residents and road safety agencies (police,
rescue teams, and hospital). The data would be used for developing the ATRANSafety
App in the second phase of the research.

Phase 2: Development and implementation (the Fiscal year 2015)

The effort was made to develop the prototype of two mobile applications to help
to create the crash map and Hiyari map, namely ER (Emergency Room) App and Public
App, and their databases. The ER App was designed for the medical staffs in the ER
who are responsible for recording the relevant data from road crashes. On the other
hand, the Public App was designed for any persons who are willing to help to identify
high-risk (Hiyari) locations in their neighborhood. The research team also discussed with
the potential users in Khon Kaen province (a pilot study area) such as a hospital, Khon
Kaen Provincial Administrative Organization (PAO), and Khon Kaen municipality.

Phase 3: Evaluation process (the Fiscal year 2016)

The third phase of the common research project focused on gaining awareness
of the proposed applications and attention to their capability and usefulness. This phase
evaluated the ATRANSafety App (both ER and Public applications), proposed the
implementation plans, and analyzed the crash characteristics using the data collected
by the ATRANSafety App.

From the above progress, there were some gaps from the research need to be
fulfilled, especially, the capability of the Public App.




1.2. Research objectives

This extension phase (Phase 4: the Fiscal year 2017) aims to revise and
implement the Public App to Thai society, especially, for local communities. The
objectives of this phase are as follows:

e To revise the Public App in the most user-friendly way;

e To employ the revised application in pilot study areas;

e To conduct the before and after study of safety actions in the study areas.

1.3. The scope of the research

In this phase, five main tasks are defined as shown in Figure 4.

Application

Evaluation

Demonstration Revision Implementation

development

Figure 4 Research framework.

Task 1: Application development

The results of the evaluation process in Phase 3 were used to identify the gaps
in ATRANSafety App. It was found that the Public App needed major revisions. The
design concept of the modified Public App (shortly named SafetyMap) was proposed in
Figure 5.
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Figure 5 Design concept of SafetyMap




As shown in Figure 5, the SafetyMap consists of four main features. The first
feature allows the users (any persons and local concerned agencies) input the accident
and risk data such as location, photo/video, type of road users and related data. The
data are then verified and stored in the server computer as the second feature of the
application. The database administrators (IT staff) can check and verify the data as well
as maintain the database system. The third features allow any user to analyze and show
the report of black spot and hot spot locations classified by, for example, type of user,
the cause of risk. The last feature allows local officers in the municipality, DOH, DRR,
police, or the public health office to report the safety improvement of black spot and
hotspot locations. Note that the mobile application was developed by applying the cross-
platform mobile development so that any user can use the application via iOS, Android,
and web browser (e.g. Google Chrome).

Task 2: Demonstration of the application

The application developed from Task 1 were demonstrated to key persons and
concerned agencies, for example, municipality, Provincial Health, police for one-day
workshops. The feedback was collected to assess the level of satisfaction of the
application and to obtain the recommendation for improving the application.

Task 3: Application revision
The feedback obtained from the previous task was applied to revise and update
the functions in the application.

Task 4: Final implementation

For local level, the workshops were conducted to implement the SafetyMap
application for potential users at the provincial level, for example, police, rescue team,
road safety working groups.

Task 5: Research evaluation

The success of the research project in terms of quantity and quality was evaluated
at the final stage. For the quantity, a number of crashes and risk locations reported, a
number of staff and users trained, and a number of locations for safety improvement
were investigated. For the quality, a set of questionnaire surveys were conducted to
obtain the feedback from the users and key persons in road safety agencies.







CHAPTER 2 Development of SafetyMap Application

2. Development of SafetyMap application

This chapter presents the results of the application development, demonstration, and
revision (Tasks 1 to 3 in Figure 4). The details are as follows.

2.1. Application development

The SafetyMap application was developed based on the Cross-Platform Mobile
Development, see the details in Redda, (2012). Therefore, the application can be used
on various platforms, for example, iOS, Andriod, and web browsers. The application was
tested and compatible with the popular browsers including Google Chrome, Firefox, and
Microsoft Edge. The quick response (QR) codes to access the application on different
platforms are shown in Figure 6. In addition, the line ID “ATRANS Safety” was generated
to answer any inquiry from and keep in touch with the users.

In the application, as shown in Figure 7, there are four main functions, including
identification of the crash location, identification of risk location, view the report, and
navigation

For the first function, the authorized users (police and rescue team) can identify
the location of any crash occurred in their response area(s). The steps to identify the
crash location are summarized in Figure 8.

For the second function, any users (pedestrian, bike cyclist, motorcyclist, car
user) can identify the risk location that may cause an accident to the users. The process
to identify the risk location are illustrated in Figure 9.

For the third function, any users can view the reports of crash locations and the
risk locations stored in the database. The reports can be classified into two main
features. The first feature is the overview report in the Google map format (examples
are shown in Figure 11) when the second feature presents the summary reports in table
and graph formats. The examples of crash location report are shown in Figure 11a) when
the examples of risk location report are shown in Figure 11b).

For the last function, any users can check the locations of risk and crash along
their desired route using the Navigation as shown in Figure 12.

Available on the

[ App Storé

Figure 6 QR codes to access the SafetyMap on different platforms
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Figure 7 Three main functions in the application
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Apart from the above main functions, the application allows the authorized staffs
from the road related agencies and road safety agencies to update the improvement of
risk or crash location. The steps to report safety improvement are shown in Figure 13.
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Figure 13 Steps to report safety improvement of risk or crash location
2.2. Demonstration of the application

The application was demonstrated to the staff of the road safety related agencies
(e.g., police, department of highways, department of highways, department of rural
roads, provincial public health, municipality) in 7 provinces (as shown in Figure 14),
which include Chiang Mai, Khon Kaen, Ubon Ratchathani, Bangkok, Suphanburi,
Songkhla, and Phuket. The application was also demonstrated to the students and staff
in the partner universities. Some photos taken during the demonstrations are presented
in Figure 15.

Chiang Mai

Khon Kean

Ubon
R\p‘tci.athani

Figure 14 The provinces that the application was demonstrated.
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Ministry of Transport (19 May 2017)  Chian,

¢ Mai ODPC (14 June 2017)

z

Khon Kaen (9 June 2017)

Patong (26 June 2017)

a) Demonstration to road safety authorities

Traffic division, Hat Yai Municipality Songkhla Highway District
(15 June 2017) (15 June 2017)

b) Demonstration to local road agencies

c) Demonstration to students and staff in the partner universities

Figure 15 Photos taken during the demonstrations
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2.3. Application revision

The feedback from the demonstrations was used to revise the application in order
to fit with the users in all platforms as shown in Figure 16.

[ o by S gy - B

a) smartphone b) web browser

c) tablet

Figure 16 Application revision for all platforms
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CHAPTER 3 Application Implementation and Evaluation

3. Application implementation and evaluation

This chapter presents the results of the implementation and evaluation of the
application (Tasks 4 and 5 in Figure 4).

Implementation workshops at the provincial level were conducted in three
provinces, including Suphanburi, Phuket, and Khon Kaen. In each workshop, the copies
of application manual (in Thai) and related material as shown in Figure 17 were
distributed to the participants. In addition, a series of short films (shown in Figure 18)
introducing the application and how to use were presented. The details are explained
comprehensively in the following subsections.
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Figure 17 Application manual
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Figure 18 Short films introducing the application

3.1. Implementation in Suphanburi province

In Suphanburi, two workshops were conducted on 6" July 2017 and 19" August
2017. The first workshop was conducted at Suphanburi Provincial Police and about 70
police officers attended the workshop as shown in Figure 19a). The second workshop
was conducted at Ta Rahad Municipality and about 50 local people attended the
workshop as shown in Figure 19b).

Apart from the two workshop, the project member was kindly invited to present
the SafetyMap application to 12 mentors of Road Safety Prevention Working Groups
(RSWG) in the central region on 20" January 2018 at Bueng Chawak. Some photos of
the activities are illustrated in Figure 20.

16
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Figure 19 Two implementation workshops in Suphanburi province
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Figure 20 SafetyMap workshop for RSWG mentors
3.2. Implementation in Phuket province

In Phuket, there were 31 staffs (police officers and EMS staffs) attended the
workshop on 11" August 2017 as shown in Figure 21.

Figure 21 Implementation workshop at Phuket Province Police
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3.3. Implementation in Khon Kaen province

As a part of road safety workshop in Khon Kaen conducted by IATSS and ATRANS,
the SafetyMap was introduced to 45 participants from Department of Rural Roads,
Department of Highways, police officers, rescue staffs, and communities on 24%
February 2018 at Bureau of Rural Road 6 Khon Kaen as shown in Figure 22.

Figure 22 Implementation workshop at Bureau of Rural Road 6: Khon Kaen
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CHAPTER 1 Results of Data Analysis

4. Results of data analysis

This chapter presents the analysis results of data collected in the database between
April 1, 2017, and February 28, 2018. As shown in Figure 23, a total number of users
visited the application (report risk and crash locations or see the report) during April 2017
to February 2018 are 82,635. The most of them (95%) visited the application via web
browsers (e.g., Google Chrome, Firefox, Microsoft Edge). Only 3% (2,786 users) and
2% (1,627 users) visited the application via iIOS application (Apple store) and Android
application (Google play), respectively. Most of the users prefer using the application via
the web browsers rather than the other platforms because the iOS and Android
applications sometimes counter with technical problems and needs for updating the new
version of the applications.

1,627 -
Y y (”;L'Iu:;;k‘ play

£ Available on the
¢ App Store 2’7§6

Figure 23 Number of users visited the application

4.1. Results of crash locations

From the database, there are a total of 487 crash locations reported using the
application during April 2017 and February 2018. Figure 24 shows that 286 crashes
(59%) occurred in Phuket, followed by 118 crashes (24%) in Songkhla, 66 crashes
(14%) in Suphanburi and 17 crashes (3%) in other provinces.
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Figuﬂr‘é. 24 Number of crash locations reported in the database

The 487 crashes reported in the database resulted in a total of 850 casualties and
696 vehicles involved. Figure 25 shows that among the 850 casualties the most of them
(53%) were slightly injured, followed by no injured and seriously injured (18% each
group) and dead 11%. In addition, Figure 26 shows that from the 696 vehicles involved
the top three vehicle types involved the crashes are the motorcycle (36.3%), passenger
car (28.5%), and bicycle (18.2%), respectively. From this result, it can imply that more
than half of the casualties (54.5%) are related to vulnerable road users (motorcyclist and
bicyclist).

Figure 27 shows the percentage of crashes classified by day of the week. Itis found
that a number of crashes occurred on each day are almost similar. However, the crashes
most frequently occurred on Monday (19%). Regarding the time of crashed occurred,
Figure 28 illustrates that the crashes often occurred at 15:01-18:00 (3:01-6:00 p.m.).

850 Casualties

No injured :
Serious

injury
151
18%

Slight injury
455
53%

Figure 25 Percentage of casualties classified by injury type
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696 vehicles involved
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Figure 28 Percentage of crashes classified by time of day

23




From the crash locations reported in the database, the details of crash locations
in Phuket and Songkhla were investigated. Figure 29 shows that from the 286 cases in
Phuket 51% happened along the road sections (midblock) and 49% occurred at the
junctions. Regarding the crashes occurred along the road sections, 62% were on the
straight sections, 36% on the curves, and only 2% nearby the U-turns. For the crashes
occurred at the junctions, the top two locations (94%) were found at the 3-leg
intersections (54%) and 4-leg intersections (40%). The less of them were at the
roundabouts (3%), U-turns (2%) and more than 4-leg intersections (1%), respectively.

Similarly, in Songkhla, Figure 30 shows that from the 118 cases 52% happened
along the road sections (midblock) and 48% occurred at the junctions. Regarding the
crashes occurred along the road sections, 65% were on the straight sections and 35%
on the curves. For the crashes occurred at the junctions, the top two locations (92%)
were found at the 3-leg intersections (52%) and 4-leg intersections (40%). Only 8% were
at the roundabouts. However, there is no crash occurred at any U-turn.

roundabout

0,
> 41eg %

1%\ ‘

U-Turn
2%

Midblock
Curve
500 Straight
62%

Figure 29 Crash locations in Phuket classified by type of road section

roundabout
8%

2 Curve
e Midblock S5
4-leg:
407 Straight
65%

Figure 30 Crash locations in Songkhla classified by type of road section
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4.2. Results of risk locations

From the database, there are a total of 554 risk locations reported during April 2017
and February 2018. Figure 31 shows the number of risk locations in different provinces
reported in the database. It is found that a total number of risk locations reported are
554 records. From the 554 risk locations reported, Figure 32 shows that more than three-
quarter of road users affected by the risk locations are vulnerable road users, i.e.,
motorcyclist (38%), pedestrian (26%), and bicyclist (13%) when 23% are car drivers.

Regarding the top five risk factors related to each road user, Figure 33 shows that
for the pedestrian the obstacle on the walkway is the most risk factor (15.4%), followed
by broken surface (13.0%), no crosswalk (9.9%), no crosswalk sign (8.6%), and walking
behavior (8.0%), respectively.

For the bicyclist, Figure 33 shows that unsmooth drain cover is the top risk factor

(15.2%), followed by unsmooth surface (10.6%), no bicycle warning sign (9.1%), no
traffic light (7.6%), and guardrail (7.6%), respectively.

PR Province

N Others [ 28
Gt | Phuke N 57
(J @ Khon Kaen [N o4
N il T —
\ 1@; i Bangkok 67
LTy Gmeede Chaingmai [N 69
KHURI KHAN \ nnms.amm?
4 0 Suphanburi G 57
/ = CanTi
o Songkhla 182
R 0 50 100 150 200
\O{ Number of risk locations reported

Figure 31 Number of risk locations reported in the database

driver Pedestrian
23% 26%

Bicyclist
Motorcyclist 13%
38%

Figure 32 Percentage of road users involving in risk locations
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For the motorcyclist, Figure 33 shows that no motorcycle lane is the first risk factor
(6.3%), followed by over speeding (6.0%), no motorcycle warning sign (5.6%), broken
surface (5.3%), and too narrow traffic lane for bicycle (4.6%), respectively.

Finally, for the car driver it is found that no traffic light at the intersection and non-
reflective road surface marking are the top two factor (8.6% each), followed by no
warning sign (7.0%), too wide traffic lane (6.3%), and over speeding (6.3%), respectively.

° 9 o
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Drain cover not
smooth
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surface
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Surface not ~ .
Over speeding 6.0
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No crosswalk - 5.6 No warning sign

warning sign

No crosswalk N e . - -
Sion No traffic light Broken surface 53 Wide lane

Walking

. Narrow lane 4.6 Over speeding
behavior =

Guard rail

20.00 - 20.00 20.00 20.00

Percentage (%) Percentage (%) Percentage (%o) Percentage (%0)
Figure 33 Top five risk factors related to road users

4.3. Results of road safety improvement

The locations of crash and risk reported were used by local agencies in order to
improve road safety. Some improvements can be illustrated from Figure 34 to Figure 37.
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Figure 34 Example of road safety improvement in Songkhla: Case 1
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CHAPTER 5 Conclursions and Recommendations

5. Conclusions and recommendations

This chapter concludes the main results and findings of the research. Some
recommendations for further works are also presented. The details are as follows.

5.1. Conclusions

5.1.1. Application development

The SafetyMap application was developed based on the Cross-Platform
Mobile framework so that any users can use the application via iOS mobile, Andriod
mobile, and web browsers (e.g. Google Chrome, Firefox, Microsoft Edge.). There are
four main functions in the application. The first function allows the authorized users
(police and rescue team) to report the crash location and its related data (e.g. a number
of casualties, vehicles involved, comprehensive description of the crash). The second
function allows any road users (pedestrian, bicyclist, motorcyclist, and car driver) to
report the risk location and its risk factor(s). The third function allows any users to view
the reports and analysis results of crash locations and the risk locations stored in the
database. The last function, any users can check the risk and crash locations along their
desired route in order to avoid or prepare for passing those locations safely.

5.1.2. Application demonstration and implementation
The application was demonstrated to some staff of the road safety related
agencies (e.g., police, department of highways, department of highways, department of
rural roads, provincial public health, municipality) and students in several provinces (e.g.
Chiang Mai, Khon Kaen, Ubon Ratchathani, Bangkok, Suphanburi, Songkhla, and
Phuket). Subsequently, implementation workshops for key staffs at the provincial level
were conducted in Suphanburi, Phuket, Khon Kaen, and Songkhla.

5.1.3. Results of data analysis

From the data collected during April 1, 2017, and February 28, 2018, it was
found that there were a total number of 82,635 users visited the application (identify risk
and crash locations or see the report). 95% visited the application via web browsers.
Only 3% and 2% used iOS mobile and Android mobile, respectively. This may be from
the technical problems and needs for updating the new version of iOS and Android
applications.

Regards the crash data, there were 487 crashes reported. The most of them
(53%) were slightly injured, followed by no injured and seriously injured (18% each
group) and dead 11%. In addition, there were a total of 696 vehicles involved the crashes.
The top three vehicle types were the motorcycle (36.3%), passenger car (28.5%), and
bicycle (18.2%), respectively. It can imply that more than half of the casualties (54.5%)
are related to vulnerable road users (motorcyclist and bicyclist). It was also found that
the crashes most frequently occurred on Monday (19%). 15:01-18:00 (3:01-6:00 p.m.)
was the period with the highest number of crashes occurred.

The data of crash locations in Phuket and Songkhla were further
investigated. It was found that in Phuket 51% of the total crashes happened along the
road sections when 49% occurred at the junctions. Regarding the crashes occurred
along the road sections, 62% were on the straight sections, 36% on the curves, and only
2% nearby the U-turns. For the crashes occurred at the junctions, the top two locations
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(94%) were found at the 3-leg intersections (54%) and 4-leg intersections (40%). The
less of them were at the roundabouts (3%), U-turns (2%) and more than 4-leg
intersections (1%), respectively.

In Songkhla, 52% happened along the road sections (midblock) and 48%
occurred at the junctions. Regarding the crashes occurred along the road sections, 65%
were on the straight sections and 35% on the curves. For the crashes occurred at the
junctions, the top two locations (92%) were found at the 3-leg intersections (52%) and
4-leg intersections (40%). Only 8% were at the roundabouts.

For the risk data, there were 554 |locations reported. More than three-quarter
of the road users affected by the risk locations were vulnerable road users, i.e.,
motorcyclist (38%), pedestrian (26%), and bicyclist (13%) when 23% were car drivers.
Regarding the top five risk factors related to each road user, it was found that for the
pedestrian the obstacle on the walkway is the most risk factor (15.4%), followed by
broken surface (13.0%), no crosswalk (9.9%), no crosswalk signs (8.6%), and walking
behavior (8.0%), respectively. For the bicyclist, unsmooth drain cover is the top risk
factor (15.2%), followed by unsmooth surface (10.6%), no bicycle warning sign (9.1%),
no traffic light (7.6%), and guardrail (7.6%), respectively. For the motorcyclist, no
motorcycle lane is the first risk factor (6.3%), followed by over speeding (6.0%), no
motorcycle warning sign (5.6%), broken surface (5.3%), and too narrow traffic lane for
bicycle (4.6%), respectively. Finally, for the car driver, no traffic light at the intersection
and non-reflective road surface marking are the top two factor (8.6% each), followed by
no warning sign (7.0%), too wide traffic lane (6.3%), and over speeding (6.3%),
respectively.

5.2. Recommendations
Some recommendations for future research
5.2.1. Identification of hazardous location
In this research, crash location and risk location are considered separately.
Future research may focus on identifying hazardous (or black spot) locations by using
the accident frequency method (as shown in Table 1) or applying the unit cost of the

accident cost (as shown in Figure 38).

Table 1 Identification of hazardous location based on accident frequency

Section Black spot location
Straight > 4 accident per year
3-legs junction > 5 accident per year
4-legs junction > 6 accident per year
5-legs junction > 4 accident per year
Others junction > 5 accident per year
Curve > 3 accident per year
Bridge > 4 accident per year

Source: OTP (2013)
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Economic loss = a (No. Fatalities) + b (No. Disables)
+ ¢ (No. Injuries) + property damage costs

where
a is the economic loss per fatality = 5,315,556 baht
b is the economic loss per disable = 6,167,061 baht

c is the economic loss per injury = 147,023 baht

d is the economic loss per fatality = 45,898 baht

Source: DOH (2007)
Figure 38 Identifying black spot location using accident cost method

5.2.2. Proposal for national and local implementations

In order to implement the application to the nationwide, the operation and
maintenance costs for national hub and local (provincial) centers need to be estimated
thoroughly. The possibility of the application implementation is another challenge.
Potential users at the national level can be summarized and illustrated in Figure 39.
Apart from the government agencies presented in Figure 39, the Road Safety Prevention
Working Groups (RSWG) are the other potential users of the application at the provincial
level.

Provincial Police & Highway Police ‘ T

SN el

Office of the Permanent Secretary (MOT) ﬁ Highways District Rural Roads Office

Provincial Road Safety :
§ E:> Directing Committee [> L = _
Provincial Land Transport Office

Thailand Road Safety @ ;
Directing Center M ;
(@ Provincial Public Health Office

Provincial Local Administration Office
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Figure 39 Potential users at the national level

31




References

ATRANS. (2015). Development of Compiled Road Safety Data And Analysis for Safety
Research: Phase 1. Final Report.

Department of Highways (DOH). (2007). The Study of Economic Losses due to Raod
Crashes.

Honda Motor Co., Ltd. (2017). Safety Map. Retrieved from
http://www.honda.co.jp/safetymap

Office of Transport and Traffic Policy and Planning (OTP). (2013). Handout of Black
Spot Treatment Workshop.

Redda, Y. (2012). Cross Plaform Mobile Applications Development. Norwegian
University of Science and Technology.

Royal Thai Police. (2013). Road Traffic Accident Statistics.

WHO. (2015). Global Status Report on Road Safety 2015: Supporting a Decade of
Action. World Health Organization (WHO).

32




Appendix

Manual of ATRANSafety Map Application (in Thai)
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