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ABSTRACT

Police patrol is regarded as the backbone of crime prevention and
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areas during their shift. In theory, a police officer should thus visit all checkpoints
designated by their commander. These may include red-box checkpoints, banks,
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CHAPTER I
INTRODUCTION

1.1 Background

Crime prevention and suppression is police officer’s main duty in
maintaining safety and security of public lives and properties. Police patrol is regarded
as police officers’ backbone that lies at the heart of crime prevention. Patrol officers
provide services to people and bring them peace and comfort (Khotcharat, 2000).
Crime prevention objective can eventually be achieved given that patrol officers can
perform their tasks effectively (Khliphan, 2002).

Police patrol in an area is based on law enforcement theory. This means
that police presence may preclude those who incline to commit crime for fear to be
caught (Piamsombun, 2002). Therefore, if patrol officers do their duty in different
areas according to patrol shift schedules, the inclination of individuals to commit
crime may be reduced accordingly.

Police patrol route should be as shortest as possible to economize fuel
expense because it tends to increase constantly; while fuel allowance that one police
station allots to each patrol officer is limited. However, the selection of the route based
on experience and familiarity alone may not actually be the shortest one; thus, energy
saving may not be maximized as expected. Apart from fuel saving, the effectiveness of
police patrol and crime prevention can also be enhanced provided that the shortest
route to red-box checkpoints, banks and gold smiths as well as to vehicle checkpoints
within a specific time can properly be arranged.

One can say that there is a similarity between the police patrol routing and
scheduling problem and business logistics. That is to say that the police station may be
comparable to the distribution center; while all checkpoints to be visited by patrol
officers are customers. Moreover, the patrol for crime prevention purpose within a
specific time as demanded by the commander resembles time windows in the logistic

distribution context.
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To enhance the effective arrangement of police patrol routing and
scheduling, logistics-based mathematical models are developed. Geographic
Information System (GIS) is utilized to derive the distance matrices which contain
network-based distances between all checkpoints, including the police station. A
mathematical model similar to the Traveling Salesman Problem with Time Windows
(TSPTW) is then formulated in such a way that it best resembles the actual operation

of police patrol.

1.2 Statement of Problem

Currently, there is no police patrol routing arrangement for patrol officers.
They are merely needed to visit specified red-box checkpoints and those located at
banks and goldsmiths as well as to inspect vehicles at the designated places during a
specific time period. In this regard, their own experience and familiarity are used in
choosing the patrol route. However, it may not be the shortest one resulting in a waste
of fuel. Police patrol routing arrangement to facilitate patrol officers’ punctual arrival
to desired destination may offer shorter route and leads to energy saving without

compromising the effectiveness of crime prevention and suppression.

1.3 Objectives

This thesis sets two main objectives to be accomplished:

1) To study the application of the Global Positioning System (GPS) and
Geographic Information System (GIS) Technology in gathering and analyzing the data
necessary for police routing and scheduling problem.

2) To study the application of logistics-based mathematical models in
police patrol routing and scheduling that resembles actual operation patrol officers as

much as possible.
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1.4 Scope of the Study

The scope of this study is limited to the case study of motorcycle patrol of
Nongkhaem Police Station. Hence, the data is only from the observation and survey of
processes this police station uses in patrol arrangement. Nonetheless, without loss of
generality, the methodology in this thesis can also be applied to any other police
stations. It is only the required input data need to be adjusted accordingly.

1.5 Expected Results

At the end of the study, the expected results are:

1) To realize the usefulness and applicability GPS and GIS technologies
for the sake of data collection and analyses.

2) To have the analytical tool for more effective arrangement of police
patrol in comparison to the current process. Necessarily, the police patrol coverage
remains unchanged, but the patrol distance is shorter and, hence the energy

consumption is lowered.

1.6 Terminology and Examples

There are several police-related terminologies that are often used in this
thesis. In order to provide basic understanding for the readers, descriptions of these
terms are explained herein with pictures as examples.

Patrol Officers (Figure 1.1) mean the police officers of Nongkhaem police
Station who are responsible for crime prevention and suppression.

Motorcycle Patrol (Figure 1.2) means police officers of Nongkhaem
Police Station who are responsible for crime prevention and suppression by using the
motorcycle as a mean of transportation during the course of their duty.

Motorcycle (Figure 1.3) is the vehicle that the motorcycle patrol use in

patrolling.
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Checkpoint means the spots where police patrol is required for crime
prevention and suppression purpose. They are divided in 4 categories: Red-box
Checkpoint, Bank Checkpoint, Goldsmith Checkpoint and Vehicle Checkpoint.

Red-box Checkpoint (Figure 1.4) is the spot where the rectangle-shaped red
box is located. There is a patrol notebook inside it. The patrol officers need to sign
their names in this notebook once they arrive at the given checkpoint.

Bank Checkpoint (Figure 1.5) is the bank where the patrol officers need to
visit and sign their names in the patrol notebook in order to verify their arrival and
patrol.

Goldsmith Checkpoint (Figure 1.6) is the goldsmiths where the patrol officers
need to visit and to sign their names in the patrol notebook in order to verify their
arrival and patrol.

Vehicle Checkpoint (Figure 1.7) is the spot where the patrol officers are
demanded by the commander to check any suspect vehicles that travel in that area.
Generally, it is stationed in the routes with high crime risk.

Patrol Notebook (Figure 1.8) is the notebook placed in the red box as well
as at the banks and goldsmiths. The patrol officers are thus required to sign upon their
arrival. Its cover shows the details about the name of checkpoint, the patrol zone, the
responsible police station and the month when the police patrol is done. Meanwhile,
each page contains the tables in which the patrol officers have to fill in the date and the
arrival time as well as to affix their signatures.

Patrol Shift Schedule (Figure 1.9) means the police patrol plan to be
proceeded within a specific time as demanded by the commander.
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Figure 1.7 The Characteristic of a Vehicle Checkpoint
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Figure 1.9 The Characteristic of Patrol Shift Schedule
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CHAPTER Il
LITERATURE REVIEW

This chapter involves literature review and previous researches consisting
of three important parts. First, it addresses the characteristics of police patrol in
Thailand. Second, theories pertinent to this research will then be discussed. Lastly, it
concerns previous studies in which certain models have been implemented for police
patrol arrangement in crime prevention and suppression. In this regard, such previous
researches may share some perspectives with this study in light of police activities,
mathematical modeling development methods and solutions that are beneficial to this

research.

2.1 Police Patrol Service in Thailand

2.1.1 Objectives of Area Patrol

Police patrol is designated for the responsible area or desired locations in
order to achieve the following (Royal Thai Police, 2000):

1) To prevent and suppress crime.

2) To create the sense of closeness and comfort among people.

3) To assist, advise and provide services for people in that particular area.

4) To proceed public relation and seek public cooperation.

2.1.2 Practices of Area Patrol

To maximize the effectiveness of crime prevention and suppression as well
as to unify the patrol officers’ duties, it is then required to specify the practices of area
patrol as follows (Royal Thai Police, 2000):

1) To do police patrol according to the plan - patrol officers sign their
names upon their arrival in the patrol notebook (Figures 2.1). The police patrol may reduce
inclination to crime because the offenders can be caught red handed.
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2) To engage in public relation and visit people in the patrol area in order to
give advices to them and to learn about information, news, problems and their needs.

3) To monitor and inspect suspect persons and vehicles as well as important
buildings and crime risk area where lives and properties are threatened.

4) To seek the latest information and news in the responsible area.

5) All patrol officers must have necessary equipment including: gun, hand
cuff, torch, especially a notebook (Figures 2.2) for note taking about important incidents.

6) The frequency and schedule of police patrol in each area may vary
according to crime situation, location and number of checkpoints each police station is
responsible for. Police patrol plan is generally arranged and designated by the commander.

7) During the course of patrol, a suitable time should be taken in order to
observe any suspect persons, vehicles or incidents. In case of doubt, the search for
more details and information may be done.

8) Patrol officers need to notify the commander if they cannot visit the
checkpoint within a specific time or fulfill the frequency of patrol as specified in the
plan because they engage in deterring crime or pursuing the offenders.

A 74 T - '/;
3 ' , )
e : L2 J 4

Figure 2.1 The Patrol Officers Sign Their Names in the Patrol Notebook
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Figure 2.2 A Personal Notebook of the Patrol Officer -
To Fill in the Details about the Duties and Important Incidents

2.1.3 Shift Schedules

There are 3 eight-hour shifts of police patrol daily (Khotcharat, 2000), i.e.,
Shift1  -from 12.01 a.m. - 8.00 a.m.

Shift2  -from 8.01a.m.- 4.00 p.m.

Shift3  -from 4.01 p.m.-12.00 a.m.

2.1.4 Division of Patrol Areas
The responsible area of each police station is divided in different patrol
subarea. This is to enhance the coverage and effectiveness of police patrol as a whole. In
this regard, the division of patrol area is designed according to the following criteria
(Khotcharat, 2000):
1) Level of Services: patrol officers can reach the crime scene within the
specific time as follows:
Business area: within 3-5 minutes
Residential area: within 5-7 minutes
Outside residential area: within 7-10 minutes
2) Density of Population: High-density area is divided into the smaller ones.
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3) Transportation networks: The accessibility to different areas is taken into
consideration.

4) Crime Characteristics: Differences among areas may leads to various crime
characteristics.

5) The suitable proportion between personnel and the patrol area

2.1.5 Factors Effecting the Location of Designated Checkpoints

Due to the fact that each police station is different in light of responsible
area size, transportation network and geography, number of checkpoints may vary
accordingly. The factors to be considered in designating a checkpoint are (Khotcharat,
2000):

1) The number of checkpoints for general crime or incident prevention needs to
be proportional to patrol officers’ capacity to perform their duty effectively.

2) Crime characteristics - police patrol is arranged for the locations or a
specific time with high crime statistics.

3) Crime prevention is necessary for important figures’ residence and key
locations.

4) It is crucial for the preclusion of crime possibility and the creation of the
sense of safety in high-density areas such as residential and business areas as well as
transport stations.

5) It aims to prevent several kinds of crime in isolated areas or roads.

6) The presence of police officers along the routes where offenders often

use to commit crime can prevent or reduce the number of crime.

2.1.6 Characteristics of Motorcycle Patrol

This thesis is aimed only to study motorcycle patrol that plays an
important role in crime prevention and suppression. The characteristics of motorcycle
patrol can be explained as follows (Royal Thai Police, 2000):

1) The patrol officer must wear uniform and helmet while in duty (Figures
2.3).

2) The patrol officer must have a gun, bullets, hand cuff, baton, torch, rain

suit and notebook.
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3) The motorcycle must be equipped with communication radio and can be

contacted at any time.
4) The patrol officer in the responsible area or in the nearest location can

reach the crime scene as quickly as possible.

5) The word “patrol officer of ... police station” must be placed on the

motorcycle windshield (Figures 2.4).
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Figure 2.3 The Uniform and Helmet of the Patrol Officer While in Duty
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Figure 2.4 A Motorcycle Windshield with a Sticker that Reads

“Patrol Officer of ... Police Station”

2.2 Relevant Theories

Perhaps, the most classical routing and scheduling problem in the history
of operations research (OR) is Traveling Salesman Problem (TSP) where we seek a
shortest tour for a salesman to visit all of his customers. In the last five decades, TSP
has become a focal point of researches due to its wide range of applications in various
disciplines. Despite the fact that this kind of problem seems simple to understand, it is
very difficult to efficiently obtain the optimal solution (Sarker and Newton, 2008). For
this particular study, Traveling Salesman Problem with Time Windows (TSPTW) has
been examined. TSPTW requires salesman to travel to all specified cities within a
specific timeframe, one visit per city only. The goal is to identify the shortest route to
those cities (Cheng and Mao, 2007) for the minimization of time, travel costs and
distance. All possible answers are set as (n-1)!1/2 answers (Junger et al., 1995). This

means that there are more possible answers in proportion with the increase of the
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number of cities to be visited resulting in greater complexity in identifying the shortest
route.

As aresult, Traveling Salesman Problem is classified as NP-hard (Da Silva
and Urrutia, 2010) because it is very difficult to find the best answer. The computing
time will increase exponentially as the number of visiting places increase. Therefore,
we usually adopt heuristic approach to tackle a large problem in order to obtain a good

solution, but not necessarily an optimal one, in the reasonable amount of time.

2.3 Previous Studies

Beginning in the late 1960s, papers on the allocation and deployment of
police, fire and ambulance resources that provided important insights, policies, and
procedures for managers began to appear in the journal of Management Science with
regularity. This activity continued through the 1970s and into the 1980s. A large
fraction of the models in these papers were actually implemented, particularly in the
New York City, which sponsored much of the basic research. Many of the models and
resulting policies were subsequently used in other cities. They had lasting impact on
practice (Green and Kolesar, 2004). Examples of those mathematical modeling are
discussed in the following section.

Olson and Wrigth (1975) developed models that maximize the expected
number of occasions per unit of time that a police patrol unit enters a street segment
during the time that a crime is visible. Constraints were added to the models that
ensure minimum patrol coverage to all streets. The successive visits from street-to-
street formed a Markov chain. The solution that maximizes the objective function
gives a stochastic decision rule which is used with Monte Carlo techniques to generate
a random patrol schedule. The problem is posed with one car and several cars
patrolling the same region.

One of the most widely disseminated models in the area of crime
prevention is the Patrol Car Allocation Model (PCAM). PCAM was developed as a
result of senior New York Police Department (NYPD) management’s interest in

developing a quantitative, independently justifiable method for allocating police
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personnel to precincts. Earlier, the patrol force allocation method generally favored a
method that subjectively weighed average measure of various disparate factors. These
factors were considered important by police departments in determining staffing
levels, including precinct sizes, crime rates, and number of arrests (Tongo, 2010).
PCAM was originally validated using data from New York City. It was then used
during the financial crisis of the 1970s in the U.S. to make difficult decisions about
cutbacks on patrol resources. It was ultimately distributed to over 40 police
departments in the United States, to cities in Canada and the Netherlands, and to the
single police force which covers all of Israel (Green and Kolesar, 2004). In most of
these locales, PCAM was implemented after parts or the entire model had been
validated using local data. Its use led to operational changes (Chaiken, 1978; Lawless,
1987).

Chelst (1978) presented an algorithm for deploying a crime directed patrol
force. The optimization problem was formulated as the allocation of N patrol units
among R high crime regions so as to maximize the weighted probability of a patrol
intercept of a crime. The algorithm has full sensitivity analysis capabilities. The
capability is critical because the model’s input parameters include (i) crime weights
which in general had a subjective component (ii) crime descriptive data, which are
difficult to estimate and (iii) crime frequency data which are likely to change with
time. The paper presented an illustrative application of the algorithm. The resultant
allocation is compared to a strategy, which allocates patrol units in direct proportion to
each regions total crime rate. The optimal allocation significantly increased the
probability of an intercept.

Lee et al. (1979) presented an integer goal programming model for
allocating highway patrolmen to road segments within a patrol region. The model was
demonstrated via a case example Nebraska state patrol. The results of the model were
valuable to the patrol administrator for considering departmental goals and priority
structure, in addition to available historical data, in the assignment of state patrol
manpower.

Green and Kolesar (1984) utilized a multiple patrol car per call priority
queuing model. It showed that a one-officer patrol model is feasible. Yet pitfalls exist

which could adversely affect its performance. The paper detailed the process of data
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analyses, model building and emphasis on the subjective elements that remained in a
highly technical Operations Research study. Speed of response to emergency calls
from the public was the key performance characteristic considered. The analysis also
raised issues related to the safety of police officers in one-officer cars.

Taylor et al. (1985) described a modeling approach that can be used to
deploy state highway patrol cars to the road segments comprising a highway patrol
district. Specifically, an integer non-linear goal programming model was described
and demonstrated within the context of a hypothetical case example. The model
reflects the fact that the relationships between unit deployment and performance
measures are often non-linear. As additional patrol units are assigned to a road
segment, performance will increase but at a decreasing rate.

Taylor and Huxley (1989) used an integer programming model to
optimally schedule and deploy police officers in San Francisco. This study resulted in
the development of a computerized system for managing the police patrol officers.
The study had three fundamental objectives, i.e., 1) maintain a high level of citizen
safety, 2) maintain a high level of officer morale, and 3) minimize the cost of
operations. The new system provided annual savings of $11million, an annual $3
million increase in traffic citation revenues, and a 20 percent improvement in response
time. The main decision variables in the integer programming model were the number
of officers to be scheduled on duty during each shift.

Reis et al. (2006) developed a genetic algorithmic patrol model to assist
police managers in the design of effective police patrol route strategies. One particular
aspect of the model was its ability to automatically discover crime hotspots, that is,
high crime density regions (or targets) that deserve to be better covered by routine
patrol surveillance.

Wan-Lung (2007) studied the patrol routine order to determine the most
appropriate route for responding to service calls. The mathematical modeling has been
developed for the selection of the shortest route to meet such purpose.

Dynamic programming has not been utilized often in previous research in
the area of crime preventive work. Through a small cross section of crime related data
gathered in Lagos State of Nigeria, Tongo (2010) presented a dynamic programming

model to optimally distribute police patrol efforts across eight precincts, while
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incorporating Chelst (1978) model’s input parameters. These include crime weights
per type (which is generally a subjective component), crime descriptive data (which
are difficult to estimate), and crime frequency data (which are likely to change with
time).

The research of Chawathe (2007) was aimed to address the problem of
planning patrol routes to maximize coverage of important locations (hot spots) at
minimum cost (length of patrol route). The author modeled a road network using an
edge-weighted graph in which edges represent streets, vertices represent intersections,
and weights represent importance of the corresponding streets. Efficient methods that
used this input to determine the most important patrol routes have been described. In
addition to the importance of streets (edge weights), important routes are affected by
the topology of the road network. Such methods permit automation of a labor-
intensive stage of the patrol-planning process and aid dynamic adjustment of patrol
routes in response to changes in the input graph.

From those previous studies, one can say that there is no research in which
Integer Linear Programming of Traveling Salesman Problem with Time Windows has
been implemented in arranging patrol officers for crime prevention. Besides, the
nature of Thai patrol officers is also similar to TSPTW because the patrol officers are
required to travel by one motorcycle across checkpoints in their responsible area
within the specific timeframe together with the lowest travel cost (fuel). Nonetheless,
one different between Thai patrol officers and their counterpart overseas is that the
latter tend to use several patrol vehicles for the inspection of responsible area. Most
researches thus aim to identify the suitable number of patrol vehicles for one given
responsible area or to find the appropriate location in order to enhance the coverage of

patrol vehicles for crime prevention and suppression.
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CHAPTER Il
METHODOLOGY

In the previous chapter, the characteristics of police patrol in Thailand and
related previous studies have been discussed. In this chapter, the research
methodology that involves 5 aspects, i.e.,, 1) Proposed Research Stages, 2)
Mathematical Modeling, 3) Analytical Tools, 3) Solution Method, 4) Comparison of

the Result and 5) Research Schedule and Work Plan will be explained as follows.

3.1 Proposed Research Stages
In brief, this research has been divided into 7 major stages. As shown in
Figure 3.1, these include Problem identification, Scope of Study, Hypotheses, Work

Flow Diagram, Data Gathering, Data Processing and Mathematical Modeling and
Solution.

Problem identification

A 4

Scope of Study

.

Hypotheses

A 4
Work Flow Diagram

!

Data Gathering

!

Data Processing

A
Mathematical Modeling and Solution

Figure 3.1 Research Stages
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3.1.1 Problem Identification

Police patrol plan arrangement is examined to reflect current police patrol
practices and steps. In this regard, the patrol officers of Police Station have been
interviewed, while their police patrol manual has also been studied. Further, a range of
relevant research and thesis are also explored.

With respect to police patrol plan arrangement, checkpoints are established
in the responsible area of Police Station. Patrol officers are then required to visit them
with an aim to prevent and suppress crimes; while, vehicle checkpoint may be
established at a specific time as demanded by the commander for the inspection of
illegal items. Despite the fact that not all checkpoints are visited, patrol officers are
required to regularly visit some important ones such as banks and goldsmiths or on the
basis of their commander’s direction.

No route is specified by the commander for patrol officers; therefore, their
individual experience and familiarity with the locality are used in route selection. The
chosen ones may probably be too long resulting in the waste of fuel in contrast with
limited fuel allowance allotted by the commander.

The researcher has put an effort in arranging the shortest route to red-box
checkpoints, banks and goldsmiths as well as to vehicle checkpoints within a specific
time. Apart from fuel saving promotion, their performance can be maximized along

with the benefits to crime suppression as a whole.

3.1.2 Scope of Study

This thesis aims to study police patrol plans of Royal Thai Police’s patrol
officers and how they pursue the patrol. Logistics mathematical modeling is then
applied in order to analyze police patrol plan arrangement of police patrol routes and
plans for the benefit of patrol officers, particularly shorter routes and fuel saving. The
case study for this research is Nongkhaem Police Station’s patrol motorcycle. The
improvement of motorcycle patrol should be the first priority because it lies at the
heart of crime suppression. Further, the results of this research can be applied with
other police stations despite of some changes e.g., number and locations of
checkpoints.
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3.1.3 Hypotheses

With regards to crime suppression, the Royal Thai Police’s guideline for
the arrangement of police patrol in responsible area is based on principles of law
enforcement theories. The assumption is that no crime may prevail provided that
police officers are present in that particular area. Patrol officers thus are designated to
visit the responsible area and to establish the vehicle checkpoint for searching illegal
items or wrongdoers. Patrol officers begin the patrol from the police station and visit
all checkpoints according to the specified plan. After the completion of duty, they
return to the police station.

One can say that there is an analogy of problems in police patrol and
business logistics. The police station can be comparable to the distribution center
(DC); while, red-box checkpoints, banks and goldsmiths to be visited by patrol
officers are customers. Establishing the vehicle checkpoint for crime prevention
purpose within a specific time as demanded by the commander resembles the
contemporary Time Windows in logistics context.

The assumption of this research is the application of logistics knowledge
to the arrangement of the shortest police patrol route to all red-box checkpoints, bank
and goldsmiths as well as to the vehicle checkpoint within a specific time. This
contributes to both energy saving and maximized police patrol performance. The latter
indeed benefits the crime suppression as a whole.

3.1.4 Work Flow Diagram

The methodology is based on abovementioned assumption. Meanwhile,
Work Flow Diagram is also made to detail the use of data or research tools in each
research stage. The first stage is that Global Positioning System (GPS) device is used
in collecting all checkpoint locations, to be visited by motorcycle patrol, in the
responsible area of Police Station. The conversion of these checkpoint locations into
Shapefile is then made by means of DNR Garmin Software; while, ‘Network Analyst’
feature of Arc Map Software processes road network map and checkpoint locations to
find riding time and distance between those checkpoints. The next step involved the
selection of logistics mathematical modeling to simulate the performance of duty of

patrol officers; thus, it is important that chosen mathematical modeling should be most
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similar to police patrol. When the desired one is found, distance and rinding time are
set as the value in mathematical modeling. LINDO Software is then applied to

generate the most suitable police patrol route. The details are described in Figure 3.2.

INPUT | | PROCESS | | OUTPUT

ops DNR Digital
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checkpoints) Tool (Shapefile)
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Digital ArcMap
Road [_ 1) Tool
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Figure 3.2 Work Flow Diagram of This Research
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3.1.5 Data Gathering

Data gathering is divided into two parts: patrol officers’ practices and
checkpoint locations within the responsible area of Police Station.

1) Patrol Officers’ Practices

This research aims to study current procedures for police patrol
arrangement and to find the logistics mathematical modeling that is most similar to
police patrol with an aim to apply it in police patrol route arrangement. Learning about
police patrol during the course of data gathering thus is essential. In this regard, the
researcher has inquired and interviewed patrol officers and their commander with
respect to this particular issue. “Royal Thai Police’s Manual for the Arrangement and
Control of Police Patrol” (Royal Thai Police, 2000) and the book entitled
“Metropolitan Police Bureau’s Guidelines for the Administration and Development of
Crime Prevention and Suppression” (Khotcharat, 2000) are also studied because both
of them are a widely-adopted guideline generally used by Police Stations.

After data gathering, the researcher found that Police Station follows the
principles of law enforcement theories. Thus, patrol officers are in uniform while in
duty and to patrol throughout the responsible area because their presence is to create
the sense of closeness and comfort among people as well as to reduce wrongdoers’
inclination to commit crime. Red-box, bank and goldsmiths checkpoints as well as
vehicle checkpoints to be visited by patrol officers have been designated by the
commander without specified sequence and route. Therefore, patrol officers’
individual experience and familiarity with the locality are applied in route selection.
The commander, however, requires patrol officers to establish vehicle checkpoints
within a specific time according to “Police Patrol Plan for Patrol Officers” to prevent
crime as well as to inspect suspected or wrongdoers’ vehicles and illegal items.

According to the interview, motorcycle patrol consists of 2 patrol officers
who visit checkpoints in responsible area. They choose the routes on the basis of
suitability. Timeframe for each checkpoint may vary. For red-box checkpoints, they
spend 3 minutes inspecting surrounding area. For bank checkpoints, they spend 10
minutes at banks’ premise and surrounding area as well as to talk with individuals. For
goldsmiths checkpoints, they also spend 10 minutes there and surrounding area as

well as to talk with people. After each visit, they will sign in the patrol notebook to
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certify their arrival and performance of duties. However, the timeframe for vehicle
checkpoints is based on “Police Patrol Plan for Patrol Officers”. In total, Patrol
officers spend 8 hours per shift and they return to the police station after the
completion of duties.

2) Gathering of Checkpoint Locations

To apply logistics knowledge in police patrol, it is crucial to know all
checkpoint locations in the responsible area of Police Station. In this regard, the
researcher has visited all of them and used GPS device - Garmin GPSMAP 60 (Figure
3.3) to collect data with respect to locations of red-box, bank and goldsmiths
checkpoints as well as vehicle checkpoints. This stage has been conducted during
December 11 — 13, 2009.

Figure 3.3 Garmin GPSMAP 60
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The researcher uses DNR Garmin Software (Figure 3.4) to convert those
checkpoint locations into Shapefile. Although it is capable of conversion into different
formats, Shapefile is chosen because it can be used with ArcGIS 9.3 software in
finding travel time and distance between checkpoints. With respect to projections,

their compatibility with digital map is crucial.

B MN DNR - Garmin =] e
File Edit GPS Waypoint Track Route Real Time Help

Lat Lon

Alt EPE >>> Data Table >>>

Mot Connected | Loading projections

A

Figure 3.4 Display Screen of DNR Garmin Version 5.4.1

3) Digital Map

After the conversion of all checkpoint locations into Shapefile, the next
stage is to find travel time and distance between checkpoints. To do so, digital map
data covering all locations is analyzed; therefore, the projections and checkpoint
locations must be compatible. The disparity of projections may result in the inaccuracy
and even useless data.

4) Determining Travel Speed in each Route

Travel speed may vary due to number of lanes, road conditions and traffic
congestion. Therefore, determining travel speed in each route taken by patrol officers
is crucial for the analysis of the shortest time and route between checkpoints that most
resemble the actual situation. GPS device is equipped with patrol officers’ motorcycle
visiting 3 patrol zones to collect actual route, speed and distance data. This is to find
the most valid one. At this stage, only travel speed is analyzed. MapSource Version
6.16 (Figure 3.5) examines the speed and displays data on routes taken by patrol
officers. The speed on each route will then be chosen for the application in digital

map.
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Figure 3.5 Display Screen of MapSource Version 6.16

5) Designation of Service Time

It is important to take into consideration the time spent by patrol officers at
each checkpoint because this research aims to provide travel plan for them. Therefore,
time is a crucial condition in patrol route arrangement and can be a value in
mathematical modeling. Patrol officers spend different amount of time at each
checkpoint due to different procedures and practices there. The research thus has

inquired their commander whether timeframe at each checkpoint has been designated

3.1.6 Data Processing

The analysis of data, described Section 3.1.5, is made in this stage to find
the shortest-time routes between checkpoints. Before that, collected data are
configured to find travel time in each road across the digital map, while Network
Dataset is also created to facilitate such analysis.

1) Configuration of Travel Time in each Road Across the Digital Map

Travel time in each road is configured to generate digital map travel time
that is most similar to police patrol. This may result in more accurate analysis of
shortest-time routes between checkpoints. ArcMap software is used in such
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configuration to add ‘field’ into ‘attributes’ of digital map. The field displays the travel

time in each road based on travel speed in Item Determining travel velocity in each

route.

2) Creating Network Dataset

The creation of Network Dataset in ArcCatalog (Figure 3.6) is to connect
all roads in digital map. Configured travel time in Item Configuration of travel time in
each road across the digital map is put into Network Dataset. All roads, u-turns and
turnings are connected in the way that most resemble physical roads. The analysis is

made to find Origin - Destination Cost Matrix in comparison to patrol officers’ actual

travel.
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Figure 3.6 Creating Network Dataset
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3) Creating an Origin - Destination Cost Matrix

Network Analyst Extension of ArcMap Version 9.3 is used in the analysis
of Origin-Destination Cost Matrix (Figure 3.7). The analysis of Origin-Destination
Cost Matrix is made to find which matrix reflects ‘cost’ of traveling from one origin to
any destinations and to make a sequence of such travel. The analysis of ‘cost’, thus,
refers to the finding of distance and travel time between all checkpoints. These

matrices are required input for the mathematical modeling stage.
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Figure 3.7 To Find Origin - Destination Cost Matrix in ArcMap

3.1.7 Mathematical Modeling for Police Patrol Plan Arrangement

Currently, patrol officers do police patrol in responsible area for crime
prevention and suppression purpose without specified routing and scheduling plan.
They merely leave the police station to checkpoints in their responsible area and
establish the vehicle checkpoint within in a specified time. They return to police
station after the completion of duties. Police officers’ travel like this may be similar to
business logistics model; while the police station is like the distribution center where
goods delivery by trucks/pick-ups to stores begins. Those vehicles also return to the

center after finishing the delivery. Checkpoints are comparable to stores where
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trucks/pick-ups delivered goods to. Further, the need of stores for goods delivery at
one specific time is similar to the establishment of vehicle checkpoint as demanded by
the commander.

Therefore, the application of logistics knowledge to police patrol may
translate into the arrangement of the shortest tour to visit all red-box, bank and
goldsmith checkpoints as well as vehicle checkpoints. In addition to fuel saving
promotion, their performance can also be maximized for the benefit of crime
suppression as a whole. A mathematical model adapted from “Traveling Salesman
Problem with Time Windows”, is then developed and applied to police patrol routing

and scheduling problem in this thesis. It will be explained in following sections.

3.2 Mathematical Modeling

The concept of Traveling Salesman Problem with Time Windows
(TSPTW) problem is adopted since it is similar to the nature of police patrol problem.
In this regard, the researcher adapted TSPTW by developing a mathematical model that is
most similar to the travel by patrol officers. The similarity between mathematical
modeling and the travel by patrol officers has been taken into account. Variables and

notations in mathematical modeling are defined as follows:

Sets

N set of checkpoints

K set of vehicle checkpoints

K' set of corresponding dummy vehicle checkpoints

Indices

I, ] index for checkpoints

k index for vehicle checkpoints in set K

k' index for corresponding dummy vehicle checkpoints in setK'
0 origin - the police station

d destination - the police station
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Parameters
C.

ij

od

S X

M

cost or distance along the road network from checkpoint i to checkpoint j

with the shortest time

the chosen route from origin to destination

departure time from the origin, i.e., police station

arrival time at destination, i.e., police station

service time at checkpoint i

the shortest riding time from checkpoint i to checkpoint j across road

network
arrival time at the vehicle checkpoint
departure time from the vehicle checkpoint

big-M or a large enough number

Decision variables

X.

ij

= 1 refers to the case where the patrol officers choose to travel from
checkpoint i to checkpoint |

= 0 otherwise

arrival time at checkpoint i
waiting time prior to performing duties at checkpoints

waiting time prior to performing duties at vehicle checkpoints
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Mathematical Formulation

Objective Function

Minimize Z =

Constraints

2 2 CyX,

ieNUKUK'Ufo}  jeNUKUK'U{d }-{i}

> =1 VieNUKUK'Ufo} |, i# ] 1)
jeNUKUK'U{d }
iGMUK'U{O}XH =1 VieNUKUKU} , i#j (2)
T +W, +S,+t, < T,+M(@L-X,) ;VieNUKUK'U[p} ,
VieNUKUK'U{d} 5 i#j (3)
Xog =0 (4)
X =1 VkeK, Vk'eK' (5)
X =0 Yk e K, Vk'e K (6)
T,=0 (7)
T, =a vk e K (8)
T.=b ‘Vk'e K' (9)
T, <=480 (10)
W', = Vk e K (11)
X; €101} VieNUKUK'Up}
VieNUKUK'U{d} ; i#] (12)

Each constraint of mathematical modeling can be explained as follows:
Objective Function

The objective function is aimed to minimize the sum of total travel cost by

finding the shortest route that patrol officers can take to all checkpoints without

repetition (i # j ). Itis subject to the following constraints.

Constraint 1

This constraint requires that, after patrol officers’ departure from one

checkpoint, they need to choose one route to other checkpoint only (Figure 3.8). This

is to prevent their return to the same checkpoint because doing so contradicts police

patrol procedures. When they leave checkpoint i , they can choose to proceed to

checkpoint 1, j or N . However, they have to choose only one checkpoint and not to

return to checkpoint i again.
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Figure 3.8 Only One Given Route from Checkpoint i to Checkpoint j

Constraint 2

This constraint requires that, after the patrol officers’ departure from one
checkpoint, they need to choose one route to other checkpoint only (Figure 3.9). This
is to prevent their return to the same checkpoint because doing so is against police

patrol procedures. If they desire to visit checkpoint j , they can choose to depart from
checkpoint 1, i or N . However, they have to choose only one checkpoint and not to

return to checkpoint i again.

ONES
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-
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Figure 3.9 Only One Given Route to Checkpoint j from Checkpoint i

Constraints 3

This is to determine that the patrol officers depart from checkpoint i at
time T, to checkpoint j at time T,. As a result, time T; when waiting time (W,),
service time (S;) and the drive time (t;) from checkpoint i to checkpoint j are

added must be less than time T;. Furthermore this constraint eliminates so-called
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subtours from the set of feasible solutions (Desrosiers et al., 1995). The time spent
during the course of travel is shown in Figure 3.10.

T, T

Wi Si tii .
| e > > ]
Waiting time Service time Travel time from i to j

Figure 3.10 Drive Time from Checkpoint i to Checkpoint |

\ 4
A

Constraint 4

This is the constraint that prohibits the travel between the origin and the
destination directly because these two points are the same place, i.e., police station.
Therefore, the tour must travel through different checkpoints prior to the arrival at the
destination (police station).

Constraint 5

This constraint is applied in the case of the entry to the vehicle checkpoint

where k and k' are the same vehicle checkpoint. However, k is required to proceed
toward k' only.

Constraint 6

This constraint is applied in the case of the departure from the vehicle

checkpoint where k and k' are the same vehicle checkpoint. However, k is required
not to divert to k' .

Constraint 7

This constraint requires that the departure time from the origin (T,) - Police

Station starts at time 0.

Constraint 8

This constraint requires that the patrol officers arrive at the vehicle
checkpoint not later than the specified time a by the commander.

Constraint 9

This constraint requires that the patrol officers depart from the vehicle

checkpoint must not be sooner than b.
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Constraint 10

This constraint requires that the arrival time at the destination T, - Police

Station must be before or by the 480™ minute because a shift of police patrol lasts for 8
hours or 480 minutes.

Constraint 11

This constraint requires that the waiting time at the vehicle checkpoint

(W",) is zero in order that patrol officers perform their duty immediately upon their
arrival. 1t also reduces the processing time due to the fewer number of W', variables.

Constraint 12

This constraint requires that X ; must be a binary variable.

3.3 Analytical Tools and Solution Method

This research examines the applicability of logistics mathematical
modeling in police patrol route arrangement in the way that resembles to the actual
performance of patrol officers’ duty. In this regard, different software and hardware
have been used accordingly. The competency and functionality of analytical tools are
explained below.

1) ArcMap Version 9.3

ArcMap Version 9.3 is capable to function as Network Analyst in finding
travel time and distance between checkpoints. By using this software, the desired
output, the shortest route or the shortest travel-time route can be obtained. Due to the
fact that this research involves time conditions and different travel time on each road,
the research uses this software to find the shortest travel-time route. Thus, all
checkpoint locations and digital map data are arranged for such estimation. According
to the software processing’s results, the shortest-time route between checkpoints is set
in ‘meters’ whereas the shortest travel time between checkpoints is determined in
‘minutes’.

2) Dreamweaver

This software is used for writing mathematical formulation incorporating

the distance and travel time estimated by ArcMap Version 9.3. Due to the fact that the
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formulation based on abovementioned mathematical modeling contains many
constraints, it results in long and tedious typing. Dreamweaver is then applied
accordingly in order to write out the formulation that agrees with mathematical
modeling.

3) LINDO

LINDO is friendly and easy-to-use optimization software. The version that
we used is LINDO Release 6.1. This software can handle 200,000 variables and the
maximum number of 64,000 constraints.

4) Computer

The desktop computer with Intel Core 2 Quad 2.66 GHz CPU and 4
Gigabyte of RAM are used for solving the police patrol problem. The operating
system is Microsoft Windows Vista.
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CHAPTER IV
RESULTS AND DISCUSSION

Entire research methodology is explained in previous chapter to reflect
steps taken by the researcher and which tools or data are applied during the course of
this research. Therefore, this chapter involves the use of such data in this research by
explaining research steps in detailed and how results can be achieved. The analyses are
carried out for two cases. The first case is for routing and scheduling patrol service

through mandatory checkpoints. The second case is for all kinds of checkpoints.

4.1 Case Study

The improvement of the arrangement of police patrol routes and plans
should be the first priority because motorcycle patrol lies at the heart of crime
suppression. Nongkhaem Police Station’s motorcycle patrol is chosen as a case study
due to its location in Bangkok outskirt. The traffic condition in the area is less
complicated; therefore, it is suitable to serve this particular purpose.

4.1.1 Location of Nongkhaem Police Station

Nongkhaem Police Station’s responsible area of 21.71 square kilometers
covers Nongkhaem sub-district and part of Nong Khlang Phlu sub-district in
Nongkhaem district, Bangkok (Figure 4.1). The north boundary is limited to Nong
Khlang Phlu sub-district, the south to Bang Bon district, the east to Bang Khae district
and the west to Samut Sakhon province. It is divided into three police patrol zones
(Figure 4.2). Zone 1 covers Nong Khlang Phlu sub-district and part of Samut Sakhon
province. Zone 2 covers Nong Khlang Phlu sub-district and Bang Khae district.
Meanwhile, zone 3 is the largest one, which covers part of Samut Sakhon province,
Bang Bon district and Bang Khae district. Nongkhaem Police Station is located in this

Zone.
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Figure 4.1 Map of Bangkok - Nongkhaem Police Station is Located in

the Westernmost of Bangkok

Nong khang Phlu
Sub District

Police Patrol
Zone 2

Bang Khae
District

Police Patrol
Zone 1

Samut Sakhon
Province

® Nong Khaem Police Station

Police Patrol
Zone 3

Bang Bon
District

Figure 4.2 Nongkhaem Police Station’s Responsible Area and Its Border
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4.1.2 Nongkhaem Police Station’s Checkpoints

Red-box checkpoints, bank checkpoints, goldsmith checkpoints and
vehicle checkpoints have been determined by the commander for each Police Patrol
Zone. The lists of these checkpoints are shown in Tables 4.1, 4.2 and 4.3, respectively.

Checkpoints No. 1 to 12 in each patrol zone are very important places
because they are, for example, official buildings, residences of notable figures and hot
spots. The commander thus requires the patrol officers to patrol such places every time
they perform their duty. As checkpoints No. 1 to 12 scatter across the responsible area,
the coverage of police patrol can then be met once the patrol officers visit all 12
checkpoints. In addition, the commander may also designate the establishment of
vehicle checkpoints within specific timeframe in order to prevent possible crime.
Therefore, this particular thesis is focused on the routing and scheduling of police

patrol services to those 12 checkpoints and to vehicle checkpoints.
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Checkpoint ID

Location

Type of Checkpoint

1 Uea Athon Village Red-box Checkpoint
2 Sa Ran Phon Village Red-box Checkpoint
3 Soi Ap Thip Red-box Checkpoint
4 Soi Chatsan 2 Red-box Checkpoint
5 Soi Kamnan Chaloem Red-box Checkpoint
6 Phuttan Village Office Red-box Checkpoint
7 Sa Nek Factory Red-box Checkpoint
8 Soi Phong Siri Chai 4 Soi 8 Red-box Checkpoint
9 Krung Thong Plastic Red-box Checkpoint
10 Sin Phet Condominium Red-box Checkpoint
11 Government Housing Bank Red-box Checkpoint
12 Yong Charoen Godown Red-box Checkpoint
13 Hansa Factory Red-box Checkpoint
14 Sin Thai Factory Red-box Checkpoint
15 Ya Kan Yung Factory Red-box Checkpoint
16 Kaeo Factory Red-box Checkpoint
17 UB Factory Red-box Checkpoint
18 PK garage Red-box Checkpoint
19 Hansa 3 Village Red-box Checkpoint
20 Thong Thai Factory Red-box Checkpoint
21 39/4 Hansa 5 Village Red-box Checkpoint
22 Soi Chan In Red-box Checkpoint
23 Si Mongkhon Red-box Checkpoint
24 Soi Phut Tan 3/2 Red-box Checkpoint
25 Printing House Soi 79 Red-box Checkpoint
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Checkpoint ID

Location

Type of Checkpoint

26 Me Na Pho Rented Room Red-box Checkpoint
27 Chuan Thawin Apartmemt Red-box Checkpoint
28 Han Tha Wat Red-box Checkpoint
29 Chu Rada Jeweler Red-box Checkpoint
30 Soi Watchara Home 1 Red-box Checkpoint
31 Klom Chai Godown Red-box Checkpoint
32 Soi Khun Khachon Red-box Checkpoint
33 Soi Phong Siri Chai 4 Soi 28 Red-box Checkpoint
34 Badminton Court Red-box Checkpoint
35 Lek Munwian Factory Red-box Checkpoint
36 72/111-2 Khang Rungrot Red-box Checkpoint
37 Saeng Thana Furniture Red-box Checkpoint
38 Bangkok Foam Red-box Checkpoint
39 Soi Phong Siri Chai 4 Soi 29 Red-box Checkpoint
40 Khun Khachon Junk Shop Red-box Checkpoint
41 PT Gas Station Red-box Checkpoint
42 Phut Tan camp Red-box Checkpoint
43 Thai VP Factory Red-box Checkpoint
44 Chuan Chuen Village Red-box Checkpoint
45 PTT Gas Station Red-box Checkpoint
46 7-Eleven ( Soi 79 branch ) Red-box Checkpoint
47 Khrueang Ngoen Soi 79 Red-box Checkpoint
48 19 Hong Rented Room Red-box Checkpoint
49 Phat Cha Ra Loha Phan Factory Red-box Checkpoint
50 Soi Phet Kasem 79 Soi 15 Red-box Checkpoint
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Checkpoint ID

Checkpoints

Type of Checkpoint

51 Printing House Soi 79 Red-box Checkpoint
52 Ma Ma Town House Red-box Checkpoint
53 Ya Kan Yung House Red-box Checkpoint
54 Thong Thai Row House Red-box Checkpoint
55 Yen Chit Red-box Checkpoint
56 Chu Chit rented Room Red-box Checkpoint
57 Soi Watchara Home 2 Red-box Checkpoint
58 Soi Phet Kasem 79 Soi 17 Red-box Checkpoint
59 Dao Den House Red-box Checkpoint
60 7-Eleven (Hansa Village Branch) Red-box Checkpoint
61 72/133 Khang Rungrot Red-box Checkpoint
62 Nakhon Rin Factory Red-box Checkpoint
63 Hansa 4 Village Red-box Checkpoint
64 Phong Siri Chai Village Red-box Checkpoint
65 Chinda Wet Factory Red-box Checkpoint
66 4/146 Soi Watchara Home Red-box Checkpoint
67 35/132 Soi Chatsan 2 Red-box Checkpoint
68 Land Office Red-box Checkpoint
69 57/259 Hansa 1 Village Red-box Checkpoint
70 Soi Chuan Sanit Red-box Checkpoint
71 Phet Kasem 81 clinic Red-box Checkpoint
72 Sub Power Plant Red-box Checkpoint
73 Soi Ma Ma Red-box Checkpoint
74 Thana Phi Rom Village Red-box Checkpoint
75 Flat Red-box Checkpoint
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Table 4.1 Checkpoint Locations in Police Patrol Zone 1 (cont.)

Checkpoint ID

Checkpoints

Type of Checkpoint

76 35/79 Chatsan 2 Village Red-box Checkpoint
77 79/426 Hansa 4 Village Red-box Checkpoint
78 Car Wash Red-box Checkpoint
79 Chatsan 2 Village Minimart Red-box Checkpoint
80 Phet Kasem 79 Soi 27 Red-box Checkpoint
81 Thai Seng Heng Goldsmiths Goldsmiths Checkpoint
82 Muk Mani Goldsmiths Goldsmiths Checkpoint
83 To Kang Goldsmiths Goldsmiths Checkpoint
84 Siri Mongkhon Goldsmiths Goldsmiths Checkpoint
85 Rattana Suwan Goldsmiths Goldsmiths Checkpoint
86 Thep Mongkhon Goldsmiths Goldsmiths Checkpoint
87 UOB Bank Bank Checkpoint

88 Siam Commercial Bank Bank Checkpoint

89 ALC Bank Bank Checkpoint

90 Kasikorn Bank Bank Checkpoint

91 Entrance of Soi Hansa Vehicle Checkpoint

92 Entrance of Soi PhetKasem79 Vehicle Checkpoint

93 Wood Mill Vehicle Checkpoint

94 Udom Temple Vehicle Checkpoint

95 Entrance of Soi Phet Kasem77/6 Vehicle Checkpoint

There are totally 95 checkpoints in Police Patrol Zone 1 consisting of 80
red-box checkpoints (No. 1- 80), 6 goldsmith checkpoints (No. 81- 86), 4 Bank
checkpoints (No. 87 - 90), and 5 vehicle checkpoints (No. 91 - 95). Patrol Officers are

required by their commander to visit checkpoints No. 1 - 12 every time they perform

their duty.
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Checkpoint ID

Checkpoints

Type of Checkpoint

1 Sia Nam’s House Red-box Checkpoint
2 Phet Kasem | Village Red-box Checkpoint
3 Khunmae Shop Red-box Checkpoint
4 Wo Rat Co. ,Ltd. Red-box Checkpoint
5 Soi Chotchuang Red-box Checkpoint
6 Wautthi’s House Red-box Checkpoint
7 69 Aluminium Co. ,Ltd. Red-box Checkpoint
8 37/54 Soi Phet Kasem 71 Red-box Checkpoint
9 Toyota Co. ,Ltd. Red-box Checkpoint
10 Nakhon Phet Kasem Market Red-box Checkpoint
11 Opposite Phai Thun’s House Red-box Checkpoint
12 Soi Prem Pri 1 Red-box Checkpoint
13 Premier Co. ,Ltd. Red-box Checkpoint
14 Factory at Soi Phet Kasem77 Red-box Checkpoint
15 309 Phet Kasem 1 Village Red-box Checkpoint
16 Soi Sawatdikan | Soi 6 Red-box Checkpoint
17 Yawata Co. ,Ltd. Red-box Checkpoint
18 Plate Factory Red-box Checkpoint
19 Harvest Moon Restaurant Red-box Checkpoint
20 Asia Factory Red-box Checkpoint
21 PTR Phon Charoen Co. ,Ltd. Red-box Checkpoint
22 Phon Thawi Wat 1 Condominium Red-box Checkpoint
23 ALK Co. ,Ltd. Red-box Checkpoint
24 Aphi Rue Di Co. ,Ltd. Red-box Checkpoint
25 Rangsan’s House Red-box Checkpoint
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Checkpoint ID

Checkpoints

Type of Checkpoint

26 Chom Chao’s House Red-box Checkpoint
27 Soi Phet Kasem 77 Soi 3-10 Red-box Checkpoint
28 ASK Co. ,Ltd. Red-box Checkpoint
29 Charoen Apartment Red-box Checkpoint
30 Am Ma Rin Apartment Red-box Checkpoint
31 Soi Sawatdikan 2 Soi 18 Red-box Checkpoint
32 Soi Sawatdikan 2 Soi (1) Red-box Checkpoint
33 Soi Sawatdikan 2 Soi (2) Red-box Checkpoint
34 17/3 Soi Phet Kasem77 Soi 4-9 Red-box Checkpoint
35 Sa Thi Ta Apartment Red-box Checkpoint
36 Nam Saeng Dormitory Red-box Checkpoint
37 Siri Thai Co. ,Ltd. Red-box Checkpoint
38 Phuttha Rak House Red-box Checkpoint
39 Nam Saeng Co. ,Ltd. Red-box Checkpoint
40 Yu Thong Co. ,Ltd. Red-box Checkpoint
41 Bun Chai’s House Red-box Checkpoint
42 Ngi Thai Factory Red-box Checkpoint
43 Khwan Thip Mansion Red-box Checkpoint
44 Phong Sak Mansion Red-box Checkpoint
45 Soi Prem Pri 2 Red-box Checkpoint
46 77 Apartment Red-box Checkpoint
47 S & R Footware Factory Red-box Checkpoint
48 Sawatdikan Plastic Co. ,Ltd. Red-box Checkpoint
49 Sakhon Pan Sin dormitory Red-box Checkpoint
50 Phitsa Man1-2 Row House Red-box Checkpoint
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Checkpoint ID

Checkpoints

Type of Checkpoint

51 Opposite Ngi Thai Co. ,Ltd. Red-box Checkpoint
52 Phichai Yon Co. ,Ltd. Red-box Checkpoint
53 Silver Art Co. ,Ltd. Red-box Checkpoint
54 Gravia Co. ,Ltd. Red-box Checkpoint
55 Soi Rattana Sen Red-box Checkpoint
56 Opposite Wutthi’s House 1 Red-box Checkpoint
57 Jpect Knitting Factory Red-box Checkpoint
58 Machine Shop Red-box Checkpoint
59 Hia Ho’s House Red-box Checkpoint
60 Soi Prem Pri 2 Red-box Checkpoint
61 Rung Sawang Place Red-box Checkpoint
62 Sitthi Phon Co. ,Ltd. Red-box Checkpoint
63 Khiam Heng Pho Co. ,Ltd. Red-box Checkpoint
64 Lap Pet Nong Khai Restaurant Red-box Checkpoint
65 Arun Thong Village Red-box Checkpoint
66 Thi Pha Wan Apartment Red-box Checkpoint
67 Paper Factory Red-box Checkpoint
68 Opposite Wutthi’s House 2 Red-box Checkpoint
69 Ngi Thai Dormitory Red-box Checkpoint
70 Lee Apartment Red-box Checkpoint
71 No Entrance Co. ,Ltd. Red-box Checkpoint
72 257 Soi Phet Kasem 73/1 Red-box Checkpoint
73 The House Red-box Checkpoint
74 Soi Sawat Di Ka 2 Soi 13 Red-box Checkpoint
75 Don Ya House

Red-box Checkpoint




Pol. Capt. Chanon Kamnuansak

Results and Discussion / 48

Table 4.2 Checkpoint Locations in Police Patrol Zone 2 (cont.)

Checkpoint ID

Checkpoints

Type of Checkpoint

76 Sin Siam Red-box Checkpoint
77 Charoen Minimart Red-box Checkpoint
78 Suppha Wan 4 Village Red-box Checkpoint
79 Salini House Red-box Checkpoint
80 Khun Sawat Factory Red-box Checkpoint
81 SP Apartment Red-box Checkpoint
82 Yaowarat Goldsmiths Goldsmiths Checkpoint
83 Chai Mongkhon 3 Goldsmiths Goldsmiths Checkpoint
84 Thawi Chai IX Goldsmiths Goldsmiths Checkpoint
85 Krungthai Bank Bank Checkpoint

86 Krung Si Ayutthaya Bank Bank Checkpoint

87 CIMB Bank Bank Checkpoint

88 Opposite Carrefour Supermarket Vehicle Checkpoint

89 Nan Yang Co. ,Ltd. Vehicle Checkpoint

90 Soi Nak Sathaphorn 2 Vehicle Checkpoint

91 PTT Gas Station Vehicle Checkpoint

92 Entrance of Soi PhetKasem73 Vehicle Checkpoint

There are totally 92 checkpoints in Police Patrol Zone 2, consisting of: 81
red-box checkpoints (No. 1- 81), 3 goldsmith checkpoints (No. 82 - 84), 3 Bank
checkpoints (No. 85 - 87), and 5 vehicle checkpoints (No. 88 - 92). Patrol Officers are

required by their commander to visit checkpoints No. 1 - 12 every time they perform

their duty.
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Checkpoint ID

Checkpoints

Type of Checkpoint

1 Wat Nongkhaem School Red-box Checkpoint
2 Phet Kasem College Red-box Checkpoint
3 Soi Phra Pin 4 Soi 13/2 Red-box Checkpoint
4 Soi Phun Suk Red-box Checkpoint
5 Kanda Village Red-box Checkpoint
6 45/6 Fang Tai Road Red-box Checkpoint
7 Thawi Suk Farm Red-box Checkpoint
8 Pan Factory Red-box Checkpoint
9 Na Ko Ya Factory Red-box Checkpoint
10 Modern Factory Red-box Checkpoint
11 Phet Minimart Red-box Checkpoint
12 Soi Chaiyo Red-box Checkpoint
13 Phon Phen Apartment Red-box Checkpoint
14 Powder Factory Red-box Checkpoint
15 Green Act Factory Red-box Checkpoint
16 Kaeo Restaurant Red-box Checkpoint
17 Nitta Ya Factory Red-box Checkpoint
18 Khaep Mu Factory Red-box Checkpoint
19 Soi Phra Pin 4 Soi 11 Red-box Checkpoint
20 Soi Phra Pin 4 Soi 6 Red-box Checkpoint
21 Soi Thana Suk 1 Red-box Checkpoint
22 Thana Suk Village Red-box Checkpoint
23 Kitti Ya Village Red-box Checkpoint
24 Soi Phet Monthon 11 Red-box Checkpoint
25 Phet Monthon Village Red-box Checkpoint
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Table 4.3 Checkpoint Locations in Police Patrol Zone 3 (cont.)

Checkpoint ID

Checkpoints

Type of Checkpoint

26 Chai Charoen Co. ,Ltd. Red-box Checkpoint
27 Kaona Co. ,Ltd. Red-box Checkpoint
28 Phai Lot Factory Red-box Checkpoint
29 Soi Suwan Khon Red-box Checkpoint
30 Phaisan Co. ,Ltd. Red-box Checkpoint
31 Tawan Chai Village Red-box Checkpoint
32 Soi Phun Suk 1 Red-box Checkpoint
33 Soi Kanda 7 Red-box Checkpoint
34 Soi Sathit Red-box Checkpoint
35 Hia Chua House Red-box Checkpoint
36 Soi Kuan Im Red-box Checkpoint
37 Soi Chuea Suan Red-box Checkpoint
38 CBSCo.,Ltd. Red-box Checkpoint
39 Chan Charan Co. ,Ltd. Red-box Checkpoint
40 Satin Factory Red-box Checkpoint
41 Yaem Phaka Nok Red-box Checkpoint
42 Yaem Phaka Nai Red-box Checkpoint
43 Lat Da Rom Village Red-box Checkpoint
44 Soi Prasit 4/4 Red-box Checkpoint
45 Ratchaphruek Village Red-box Checkpoint
46 Pa Chuk’s House Red-box Checkpoint
47 Thai Phet Factory Red-box Checkpoint
48 Soi Wan Samroeng Red-box Checkpoint
49 Sai Thip Village Red-box Checkpoint
50 Soi Thong Niam 1 Red-box Checkpoint
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Table 4.3 Checkpoint Locations in Police Patrol Zone 3 (cont.)

Checkpoint ID

Checkpoints

Type of Checkpoint

51 Soi Chawalit Red-box Checkpoint
52 Sawa Kon Kodang Red-box Checkpoint
53 17/110 Bencha Phon Vilage Red-box Checkpoint
54 Bencha Phon Village Red-box Checkpoint
55 Soi Prasoet Red-box Checkpoint
56 Suea Dek Factory Red-box Checkpoint
57 Sombun Phon’s House Red-box Checkpoint
58 Rakhang Thong Rented Room Red-box Checkpoint
59 Hutsa Chemical Factory Red-box Checkpoint
60 Sombun Phon Rented Room Red-box Checkpoint
61 Paichue 1 House Red-box Checkpoint
62 Paichue 2 House Red-box Checkpoint
63 Thai Nam Thip Co. ,Ltd. Red-box Checkpoint
64 Sock Factory Red-box Checkpoint
65 Thian Saeng Thip Co. ,Ltd. Red-box Checkpoint
66 Sunthon 5 Village Red-box Checkpoint
67 Bi Sian Co. ,Ltd. Red-box Checkpoint
68 Furniture Red-box Checkpoint
69 Air Produce Co. ,Ltd. Red-box Checkpoint
70 Opposite Phet Samut Co. ,Ltd. Red-box Checkpoint
71 Rim Nam Condominium Red-box Checkpoint
72 Kim Sek Heng Goldsmiths Goldsmiths Checkpoint
73 Chai Mongkhon 2 Goldsmiths Goldsmiths Checkpoint
74 Krungthai Bank Bank Checkpoint

75 7-Eleven (Bus Terminal Branch) Vehicle Checkpoint
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Table 4.3 Checkpoint Locations in Police Patrol Zone 3 (cont.)

Checkpoint ID Checkpoints Type of Checkpoint
76 Lak Sam Temple Vehicle Checkpoint
77 Weekend Market near Police Station Vehicle Checkpoint
78 Bus Terminal Vehicle Checkpoint
79 7-Eleven (Nongkhaem Temple branch) Vehicle Checkpoint

Overall, there are 79 checkpoints in Police Patrol Zone 3, consisting of 71
red-box checkpoints (No. 1 - 71), 2 goldsmith checkpoints (No. 72 - 73), only one bank

checkpoint (No. 74), and 5 vehicle checkpoints (No. 75 - 79). Similarly, patrol officers

are required by their commander to visit checkpoints No. 1 - 12 every time they

perform their duty.

Figure 4.3 displays geographically all checkpoints in all three Police Patrol

Zones of Nongkhaem Police Station. The red cycles represent checkpoints for Zone 1,

green squares for Zone 2 and blue triangles for Zone 3.
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Nongkhaem Police Station’s Responsible Area
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4.1.3 Patrol Officers’ Daily Duty

Patrol officers’ around-the-clock daily duty is determined by their commander
into three eight-hour shifts, i.e., Shift 1 (12:01 a.m. - 8:00 a.m.), Shift 2 (8:01 a.m. - 4:00
p.m.) and Shift 3 (4:01 p.m. - 12:00 a.m.). The 24-hour police patrol may indeed
benefit crime suppression.

Despite the fact that no routing and scheduling have been specified for
patrol officers, they are required by their commander to arrive at the vehicle
checkpoint within a specific time and to visit checkpoints No. 1 - 12. However, for
other checkpoints, they are allowed to use their own discretion on which ones to be
visited and which routes to pursue. Once they finished planned visit of checkpoints,

they return to the police station at the end of the 8-hour shift.

4.1.4 Police Patrol Plan at the Vehicle Checkpoints

At the vehicle checkpoints, the commander designates police patrol plan
for patrol officers by demanding them to patrol the area or to inspect vehicles around
the checkpoint for illegal items for a longer time as compared to other types of
checkpoints. In each shift, patrol officers are also required to visit different
checkpoints; while, the plan is subject to change every fifteen days. Tables 4.4, 4.5
and 4.6 shows police patrol plan for shifts 1, 2 and 3, respectively.
Table 4.4 Police Patrol Plan, Shift 1 (12:01 a.m. - 8:00 a.m.), January 1-15, 2010

Police Patrol Zone

Time

Duties

Motorcycle Patrol

Zone 1

5:45 a.m. - 6:15 a.m.

7:00 a.m. - 7:30 a.m.

To establish a checkpoint at the
entrance of Hansa Village

To do police patrol at the entrance of
Soi Phetchakasem 73

Motorcycle Patrol

Zone 2

5:30 a.m. - 6:30 a.m.

7:00 a.m. - 7:30 a.m.

To do police patrol opposite to
Carrefour Supermarket.

To do police patrol at Nanyang Co.,
Ltd.

Motorcycle Patrol
Zone 3

6:00 a.m. - 7:00 a.m.

To do police patrol at 7-Eleven (Bus
Terminal Branch)
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From Table 4.4, patrol officers perform duties from 12:01 a.m. - 8:00 a.m.
according to this Police Patrol Plan that consists of 3 Motorcycle Patrol Zones:

For motorcycle patrol zone 1, patrol officers must spend at least 30
minutes from 5:45 a.m. until 6:15 a.m. to establish a checkpoint at the entrance of
Hansa Village and another minimum 30 minutes from 7:00 a.m. until 7:30 a.m. to do
police patrol at the entrance of Soi Phetchakasem 73.

For motorcycle patrol zone 2, patrol officers must spend at least an hour
from 5:30 a.m. until 6:30 a.m. to do police patrol at the opposite to Carrefour
Supermarket and another 30 minutes from 7:00 a.m. until 7:30 a.m. to do police patrol at
Nanyang Co., Ltd.

Similarly, for motorcycle patrol zone 3, patrol officers must spend at least
an hour from 6:00 a.m. to 7:00 a.m. to do police patrol at 7-Eleven (Bus Terminal
Branch).

Table 4.5 Police Patrol Plan, Shift 2, (8:01 a.m. - 4:00 p.m.), January 1-15, 2010

Police Patrol Zone Time Duties

11:00 a.m. - 11:30 a.m. | To establish a checkpoint at the Wood

Motorcycle Patrol Mill
Zone 1 2:15p.m. - 3:00 p.m. | To establish a checkpoint in front of
Udom Temple
11:00 a.m. - 12:00 p.m. | To do police patrol at the halfway point
Motorcycle Patrol of Soi Nak Sathaphorn 2
Zone 2 2:00 p.m. - 3:00 p.m. | To do police patrol opposite to

Carrefour Supermarket

Motorcycle Patrol | 3:00 p.m.-3:30 p.m. | To do police patrol in front of Lak Sam

Zone 3 Temple

From Table 4.5, patrol officers perform duties from 8:01 a.m. - 4:00 p.m.
according to this Police Patrol Plan that consists of 3 Motorcycle Patrol Zones:
For motorcycle patrol zone 1, patrol officers must spend at least 30

minutes from 11:00 a.m. until 11:30 a.m. to establish a vehicle checkpoint at the Wood
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Mill. Later on between 2:15 p.m. until 3:00 p.m., they must establish a vehicle
checkpoint in front of Udom Temple for another 45 minutes.

For motorcycle patrol zone 2, patrol officers must spend at least an hour
from 11:00 a.m. until 12:00 p.m. to do police patrol at the halfway point of Soi Nak
Sathaphorn 2. From 2:00 p.m. until 3:00 p.m., they establish another vehicle
checkpoint again and do police patrol right opposite to Carrefour Supermarket.

For motorcycle patrol zone 3, patrol officers must spend at an hour from
3:00 p.m. until 3:30 p.m. to do police patrol in front of Lak Sam Temple.

Table 4.6 Police Patrol Plan, Shift 3 (4:01 p.m. - 12:00 a.m.), January 1 - 15, 2010

Police Patrol Zone Time Duties

6:00 p.m.-6:30 p.m. | To do police patrol at the entrance of

Motorcycle Patrol Hansa Village
Zone 1 8:00 p.m. - 8:30 p.m. | To establish a checkpoint at Soi
Phetchakaset 77/6

8:00 p.m. —8:30 p.m. | To do police patrol at PTT Gas station

9:00 p.m.—9:30 p.m. | To establish a checkpoint at the
Motorcycle Patrol

Zone 2

entrance of Soi Phetchakaset 73
10:00 p.m. —11:00 p.m. | To do police patrol at the entrance of
Soi Phetchakaset 73

5:30 p.m. —6:30 p.m. | To do police patrol at the Weekend
Market next to Nongkhaem Police
Station

Motorcycle Patrol )
10:00 p.m. —10:30 p.m. | To do police patrol at the Bus
Zone 3 .
Terminal

11:30 p.m. —12:00 a.m. | To do police patrol at 7-Eleven

(Nongkhaem Temple Branch)
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From Table 4.6, patrol officers perform duties from 4:01 p.m. - 12:00 a.m.
hours according to this Police Patrol Plan that consists of 3 Motorcycle Patrol Zones:

For motorcycle patrol zone 1, patrol officers must spend 30 minutes from
6:00 p.m. until 6:30 p.m. to do police patrol at the entrance of Hansa Village and
another 30 minutes from 8:00 p.m. until 8:30 p.m. to establish a checkpoint at Soi
Phetchakaset 77/6.

There are three vehicle checkpoints for motorcycle patrol zone 2. Patrol
officers must spend 30 minutes from 8:00 p.m until 8:30 p.m. to do police patrol at the
PTT Gas Station. The second vehicle checkpoint lasts 30 minutes from 9:00 p.m. until
9:30 p.m. at the entrance of Soi Phetchakaset 73. The third vehicle checkpoint is an 1
hour long from 10:00 p.m. until 11:00 p.m. to do police patrol at the entrance of Soi
Phetchakaset 73.

Also, there are three vehicle checkpoints for motorcycle patrol zone 3.
First, patrol officers must spend an hour from 5:30 p.m. until 6:30 p.m. to do police
patrol at the Weekend Market next to Nongkhaem Police Station. They establish the
second vehicle checkpoint and do police patrol at the depot of bus Terminal for 30
minutes from 10:00 p.m. until 10:30 p.m., The third vehicle checkpoint is at 7-Eleven
(Nongkhaem Temple Branch) where the patrol officers must spend 30 minutes from
11:30 p.m. until 12:00 a.m.
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4.2 Data Collection
This step involves the collection of all data for processing to identify
distance and time between checkpoints. Despite a brief explanation in previous

section, details on data collection and data feature are clarified in this section.

4.2.1 Checkpoint Locations

Nongkhaem Police Station has 266 checkpoints in total as shown in Tables
4.1, 4.2 and 4.3. In this regard, there are 95, 92 and 79 checkpoints in police patrol
zones 1, 2 and 3, respectively. It is rather difficult to know all of them as their
locations are across Nongkhaem Police Station‘s responsible area. Patrol officers have
been inquired accordingly. The researchers have also followed them while they do
police patrol to learn more. Then, the researcher has visited all these checkpoints
himself and Garmin GPSMAP 60 is used to geographically record their locations. The
collection of locations of Police Patrol Zone 1, 2 and 3 have been made in 2010 on 19
January, 20 January and 9 February, respectively.

Due to the fact that the mathematical modeling in this research involves
time windows, the dummy of each vehicle checkpoint has been added to make it
resemble patrol officers’ arrival to and departure from there. The first vehicle
checkpoint is for their arrival; while the replica is for their departure. Hence, the
collection of one more location data at each vehicle checkpoint is to meet this purpose.
For example, there are 5 vehicle checkpoints in police patrol zone 1; therefore, 5 more
location data are collected. This means that 100 location data have been collected for
police patrol zone 1. Similarly, there are also 5 vehicle checkpoints in police patrol
zones 2 and 3 so 97 and 84 location data are collected from these two police patrol
zones, respectively.

During location data collection by Garmin GPSMAP 60, codes
representing each checkpoint have been set to facilitate data storage or to reduce
collection time, especially the delay caused by typing workload. Codes for
Nongkhaem Police Station are “Origin” and “Destination” because it serves as both
functions. Meanwhile, Tables 4.7, 4.8 and 4.9 show 100, 97 and 84 codes for police

patrol zones 1, 2 and 3, respectively.
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Code Checkpoints Type of Checkpoint

zonel 000 | Nongkhaem Police Station origin

zonel 001 | Uea Athon Village Red-box Checkpoint
zonel 002 | Sa Ran Phon Village Red-box Checkpoint
zonel_003 | Soi Ap Thip Red-box Checkpoint
zonel 004 | Soi Chatsan 2 Red-box Checkpoint
zonel 005 | Soi Kamnan Chaloem Red-box Checkpoint
zonel 006 | Phuttan Village Office Red-box Checkpoint
zonel 007 | Sa Nek Factory Red-box Checkpoint
zonel 008 | Soi Phong Siri Chai 4 Soi 8 Red-box Checkpoint
zonel 009 | Krung Thong Plastic Red-box Checkpoint
zonel 010 | Sin Phet Condominium Red-box Checkpoint
zonel 011 | Government Housing Bank Red-box Checkpoint
zonel 012 | Yong Charoen Godown Red-box Checkpoint
zonel 013 | Hansa Factory Red-box Checkpoint
zonel 014 | Sin Thai Factory Red-box Checkpoint
zonel 015 | Ya Kan Yung Factory Red-box Checkpoint
zonel 016 | Kaeo Factory Red-box Checkpoint
zonel 017 | UB Factory Red-box Checkpoint
zonel 018 | PK Garage Red-box Checkpoint
zonel 019 | Hansa 3 Village Red-box Checkpoint
zonel 020 | Thong Thai Factory Red-box Checkpoint
zonel 021 | 39/4 Hansa5 Village Red-box Checkpoint
zonel 022 | Soi Chan In Red-box Checkpoint
zonel 023 | Si Mongkhon Red-box Checkpoint
zonel 024 | Soi Phut Tan 3/2 Red-box Checkpoint
zonel 025 | Printing House Soi 79 Red-box Checkpoint
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Table 4.7 List of Checkpoint Codes for Police Patrol Zone 1 (cont.)

Code Checkpoints Type of Checkpoint
zonel 026 | Me Na Pho Rented Room Red-box Checkpoint
zonel 027 | Chuan Thawin Apartmemt Red-box Checkpoint
zonel 028 | Han Tha Wat Red-box Checkpoint
zonel 029 | Chu Rada Jeweler Red-box Checkpoint
zonel 030 | Soi Watchara Home 1 Red-box Checkpoint
zonel 031 | Klom Chai godown Red-box Checkpoint
zonel 032 | Soi Khun Khachon Red-box Checkpoint
zonel 033 | Soi Phong Siri Chai 4 Soi 28 Red-box Checkpoint
zonel 034 | Badminton Court Red-box Checkpoint
zonel 035 | Lek Munwian Factory Red-box Checkpoint
zonel 036 | 72/111-2 Khang Rungrot Red-box Checkpoint
zonel 037 | Saeng Thana Furniture Red-box Checkpoint
zonel 038 | Bangkok Foam Red-box Checkpoint
zonel 039 | Soi Phong Siri Chai 4 Soi 29 Red-box Checkpoint
zonel 040 | Khun Khachon Junk Shop Red-box Checkpoint
zonel 041 | PT Gas Station Red-box Checkpoint
zonel 042 | Phut Tan Camp Red-box Checkpoint
zonel 043 | Thai VP Factory Red-box Checkpoint
zonel 044 | Chuan Chuen Village Red-box Checkpoint
zonel 045 | PTT Gas Station Red-box Checkpoint
zonel 046 | 7-Eleven ( Soi 79 Branch) Red-box Checkpoint
zonel 047 | Khrueang Ngoen Soi 79 Red-box Checkpoint
zonel 048 | 19 Hong Rented Room Red-box Checkpoint
zonel 049 | Phat Cha Ra Loha Phan Factory Red-box Checkpoint
zonel 050 | Soi Phet Kasem 79 Soi 15 Red-box Checkpoint
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Table 4.7 List of Checkpoint Codes for Police Patrol Zone 1 (cont.)

Code Checkpoints Type of Checkpoint
zonel 051 | Printing House Soi 79 Red-box Checkpoint
zonel 052 | Ma Ma Town House Red-box Checkpoint
zonel 053 | Ya Kan Yung House Red-box Checkpoint
zonel 054 | Thong Thai Row House Red-box Checkpoint
zonel 055 | Yen Chit Red-box Checkpoint
zonel 056 | Chu Chit Rented Room Red-box Checkpoint
zonel 057 | Soi Watchara Home 2 Red-box Checkpoint
zonel 058 | Soi Phet Kasem 79 Soi 17 Red-box Checkpoint
zonel 059 | Dao Den House Red-box Checkpoint
zonel 060 | 7-Eleven (Hansa Village Branch) Red-box Checkpoint
zonel 061 | 72/133 Khang Rungrot Red-box Checkpoint
zonel 062 | Nakhon Rin Factory Red-box Checkpoint
zonel 063 | Hansa 4 Village Red-box Checkpoint
zonel 064 | Phong Siri Chai Village Red-box Checkpoint
zonel 065 | Chinda Wet Factory Red-box Checkpoint
zonel 066 |4/146 Soi Watchara Home Red-box Checkpoint
zonel 067 | 35/132 Soi Chatsan 2 Red-box Checkpoint
zonel 068 | Land Office Red-box Checkpoint
zonel 069 | 57/259 Hansal Village Red-box Checkpoint
zonel 070 | Soi Chuan Sanit Red-box Checkpoint
zonel 071 | Phet Kasem 81 Clinic Red-box Checkpoint
zonel 072 | Sub Power Plant Red-box Checkpoint
zonel 073 | Soi Ma Ma Red-box Checkpoint
zonel 074 | Thana Phi Rom Village Red-box Checkpoint
zonel 075 | Flat Red-box Checkpoint
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Table 4.7 List of Checkpoint Codes for Police Patrol Zone 1 (cont.)

Code Checkpoints Type of Checkpoint
zonel 076 | 35/79 Chatsan 2 Village Red-box Checkpoint
zonel 077 | 79/426 Hansa 4 Village Red-box Checkpoint
zonel 078 | Car Wash Red-box Checkpoint
zonel 079 | Chatsan 2 Village Minimart Red-box Checkpoint
zonel 080 | Phet Kasem 79 Soi 27 Red-box Checkpoint
zonel 081 | Thai Seng Heng Goldsmiths Goldsmiths Checkpoint
zonel 082 | Muk Mani Goldsmiths Goldsmiths Checkpoint
zonel 083 | To Kang Goldsmiths Goldsmiths Checkpoint
zonel 084 | Siri Mongkhon Goldsmiths Goldsmiths Checkpoint
zonel 085 | Rattana Suwan Goldsmiths Goldsmiths Checkpoint
zonel 086 | Thep Mongkhon Goldsmiths Goldsmiths Checkpoint
zonel 087 | UOB Bank Bank Checkpoint
zonel 088 | Siam Commercial Bank Bank Checkpoint
zonel 089 | ALC Bank Bank Checkpoint
zonel 090 | Kasikorn Bank Bank Checkpoint
zonel 091 | Entrance of Soi Hansa Vehicle Checkpoint
zonel 092 | Entrance of Soi Hansa Dummy Vehicle Checkpoint
zonel 093 | Entrance of Soi PhetKasem79 Vehicle Checkpoint
zonel 094 | Entrance of Soi PhetKasem79 Dummy Vehicle Checkpoint
zonel 095 | Wood Mill Vehicle Checkpoint
zonel 096 | Wood Mill Dummy Vehicle Checkpoint
zonel 097 | Udom Temple Vehicle Checkpoint
zonel 098 | Udom Temple Dummy Vehicle Checkpoint
zonel 099 | Entrance of Soi Phet Kasem77/6 Vehicle Checkpoint
zonel 100 | Entrance of Soi Phet Kasem77/6 Dummy Vehicle Checkpoint
zonel 101 | Nongkhaem Police Station Destination
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Table 4.8 List of Checkpoint Codes for Police Patrol Zone 2
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Code Checkpoints Type of Checkpoint

zone2_000 | Nongkhaem Police Station origin

zone2_001 | Sia Nam’s House Red-box Checkpoint
zone2_002 | Phet Kaseml Village Red-box Checkpoint
zone2_003 | Khunmae Shop Red-box Checkpoint
zone2_004 | Wo Rat Co. ,Ltd. Red-box Checkpoint
zone2_005 | Soi Chotchuang Red-box Checkpoint
zone2_006 | Wutthi’s House Red-box Checkpoint
zone2_007 | 69 Aluminium Co. ,Ltd. Red-box Checkpoint
zone2_008 | 37/54 Soi Phet Kasem 71 Red-box Checkpoint
zone2_009 | Toyota Co. ,Ltd. Red-box Checkpoint
zone2_010 | Nakhon Phet Kasem Market Red-box Checkpoint
zone2_011 | Opposite Phai Thun’s House Red-box Checkpoint
zone2_012 | Soi Prem Pri 1 Red-box Checkpoint
zone2_013 | Premier Co. ,Ltd. Red-box Checkpoint
zone2_014 | Factory at Soi Phet Kasem77 Red-box Checkpoint
zone2_015 | 309 Phet Kasem1 Village Red-box Checkpoint
zone2_016 | Soi Sawatdikan 1 Soi 6 Red-box Checkpoint
zone2_017 | Yawata Co. ,Ltd. Red-box Checkpoint
zone2_018 | Plate Factory Red-box Checkpoint
zone2_019 | Harvest Moon Restaurant Red-box Checkpoint
zone2_020 | Asia Factory Red-box Checkpoint
zone2_021 | PTR Phon Charoen Co. ,Ltd. Red-box Checkpoint
zone2_022 | Phon Thawi Wat 1 Condominium Red-box Checkpoint
zone2_023 | ALK Co. ,Ltd. Red-box Checkpoint
zone2_024 | Aphi Rue Di Co. ,Ltd. Red-box Checkpoint
zone2_025 | Rangsan’s House Red-box Checkpoint
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Table 4.8 List of Checkpoint Codes for Police Patrol Zone 2 (cont.)

Code Checkpoints Type of Checkpoint
zone2_026 | Chom Chao’s House Red-box Checkpoint
zone2_027 | Soi Phet Kasem 77 Soi 3-10 Red-box Checkpoint
zone2 028 | ASK Co. ,Ltd. Red-box Checkpoint
zone2_029 | Charoen Apartment Red-box Checkpoint
zone2_030 | Am Ma Rin Apartment Red-box Checkpoint
zone2_031 | Soi Sawatdikan 2 Soi 18 Red-box Checkpoint
zone2_032 | Soi Sawatdikan 2 Soi 20 (1) Red-box Checkpoint
zone2_033 | Soi Sawatdikan 2 Soi 20 (2) Red-box Checkpoint
zone2_034 | 17/3 Soi Phet Kasem77-4-9 Red-box Checkpoint
zone2_035 | Sa Thi Ta Apartment Red-box Checkpoint
zone2_036 | Nam Saeng Dormitory Red-box Checkpoint
zone2_037 | Siri Thai Co. ,Ltd. Red-box Checkpoint
zone2_038 | Phuttha Rak House Red-box Checkpoint
zone2_039 | Nam Saeng Co. ,Ltd. Red-box Checkpoint
zone2_040 | Yu Thong Co. ,Ltd. Red-box Checkpoint
zone2_041 | Bun Chai’s House Red-box Checkpoint
zone2_042 | Ngi Thai Factory Red-box Checkpoint
zone2_043 | Khwan Thip Mansion Red-box Checkpoint
zone2_044 | Phong Sak Mansion Red-box Checkpoint
zone2_045 | Soi Prem Pri 2 Red-box Checkpoint
zone2 046 | 77 Apartment Red-box Checkpoint
zone2 047 | S & R Footware Factory Red-box Checkpoint
zone2_048 | Sawatdikan Plastic Co. ,Ltd. Red-box Checkpoint
zone2_049 | Sakhon Pan Sin Dormitory Red-box Checkpoint
zone2_050 | Phitsa Man1-2 Row House Red-box Checkpoint
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Table 4.8 List of Checkpoint Codes for Police Patrol Zone 2 (cont.)

Code Checkpoints Type of Checkpoint
zone2_051 | Opposite Ngi Thai Co. ,Ltd. Red-box Checkpoint
zone2_052 | Phichai Yon Co. ,Ltd. Red-box Checkpoint
zone2_053 | Silver Art Co. ,Ltd. Red-box Checkpoint
zone2_054 | Gravia Co. ,Ltd. Red-box Checkpoint
zone2_055 | Soi Rattana Sen Red-box Checkpoint
zone2_056 | Opposite Wutthi’s House 1 Red-box Checkpoint
zone2_057 | Jpect Knitting Factory Red-box Checkpoint
zone2_058 | Machine Shop Red-box Checkpoint
zone2_059 | Hia Ho’s House Red-box Checkpoint
zone2_060 | Soi Prem Pri 2 Red-box Checkpoint
zone2_061 | Rung Sawang Place Red-box Checkpoint
zone2_062 | Sitthi Phon Co. ,Ltd. Red-box Checkpoint
zone2_063 | Khiam Heng Pho Co. ,Ltd. Red-box Checkpoint
zone2_064 | Lap Pet Nong Khai Restaurant Red-box Checkpoint
zone2_065 | Arun Thong Village Red-box Checkpoint
zone2_066 | Thi Pha Wan Apartment Red-box Checkpoint
zone2_067 | Paper Factory Red-box Checkpoint
zone2_068 | Opposite Wutthi’s House 2 Red-box Checkpoint
zone2_069 | Ngi Thai Dormitory Red-box Checkpoint
zone2_070 | Lee Apartment Red-box Checkpoint
zone2_071 | No Entrance Co. ,Ltd. Red-box Checkpoint
zone2_072 | 257 Soi Phet Kasem 73/1 Red-box Checkpoint
zone2_073 | The House Red-box Checkpoint
zone2_074 | Soi Sawat Di Ka 2 Soi 13 Red-box Checkpoint
zone2_075 | Don Ya House

Red-box Checkpoint
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Table 4.8 List of Checkpoint Codes for Police Patrol Zone 2 (cont.)

Code Checkpoints Type of Checkpoint
zone2_076 | Sin Siam Red-box Checkpoint
zone2_077 | Charoen Minimart Red-box Checkpoint
zone2_078 | Suppha Wan 4 Village Red-box Checkpoint
zone2_079 | Salini House Red-box Checkpoint
zone2_080 | Khun Sawat Factory Red-box Checkpoint
zone2_081 | SP Apartment Red-box Checkpoint
zone2_082 | Yaowarat Goldsmiths Goldsmiths Checkpoint
zone2_083 | Chai Mongkhon 3 Goldsmiths Goldsmiths Checkpoint
zone2_084 | Thawi Chai 9 Goldsmiths Goldsmiths Checkpoint
zone2_085 | Krungthai Bank Bank Checkpoint
zone2_086 | Krung Si Ayutthaya Bank Bank Checkpoint
zone2_087 | CIMB Bank Bank Checkpoint
zone2_088 | Opposite Carrefour Supermarket Vehicle Checkpoint
zone2_089 | Opposite Carrefour Supermarket Dummy Vehicle Checkpoint
zone2_090 | Nan Yang Co. ,Ltd. Vehicle Checkpoint
zone2_091 | Nan Yang Co. ,Ltd. Dummy Vehicle Checkpoint
zone2_092 | Soi Nak Sathaphorn 2 Vehicle Checkpoint
zone2_093 | Soi Nak Sathaphorn 2 Dummy Vehicle Checkpoint
zone2_094 | PTT Gas Station Vehicle Checkpoint
zone2_095 | PTT Gas station Dummy Vehicle Checkpoint
zone2_096 | Entrance of Soi PhetKasem73 Vehicle Checkpoint
zone2_097 | Entrance of Soi PhetKasem73 Dummy Vehicle Checkpoint
zone2_098 | Nongkhaem Police Station Destination
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Table 4.9 List of Checkpoint Codes for Police Patrol Zone 3
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Code Checkpoints Type of Checkpoint

Zone3_000 | Nongkhaem Police Station origin

zone3_001 | Wat Nongkhaem School Red-box Checkpoint
zone3_002 | Phet Kasem College Red-box Checkpoint
zone3_003 | Soi Phra Pin4 Soi 13/2 Red-box Checkpoint
zone3_004 | Soi Phun Suk Red-box Checkpoint
zone3 005 | Kanda Village Red-box Checkpoint
zone3_006 | 45/6 Fang Tai Road Red-box Checkpoint
zone3_007 | Thawi Suk Farm Red-box Checkpoint
zone3_008 | Pan Factory Red-box Checkpoint
zone3 009 | Na Ko Ya Factory Red-box Checkpoint
zone3 010 | Modern Factory Red-box Checkpoint
zone3 011 | Phet Minimart Red-box Checkpoint
zone3_012 | Soi Chaiyo Red-box Checkpoint
zone3_013 | Phon Phen Apartment Red-box Checkpoint
zone3 014 | Powder Factory Red-box Checkpoint
zone3 015 | Green Act Factory Red-box Checkpoint
zone3 016 | Kaeo Restaurant Red-box Checkpoint
zone3 017 | Nitta Ya Factory Red-box Checkpoint
zone3 018 | Khaep Mu Factory Red-box Checkpoint
zone3_019 | Soi Phra Pin 4 Soi 11 Red-box Checkpoint
zone3_020 | Soi Phra Pin 4 Soi 6 Red-box Checkpoint
zone3 021 | Soi Thana Suk 1 Red-box Checkpoint
zone3 022 | Thana Suk Village Red-box Checkpoint
zone3 023 | Kitti Ya Village Red-box Checkpoint
zone3_024 | Soi Phet Monthon 11 Red-box Checkpoint
zone3_025 | Phet Monthon Village Red-box Checkpoint
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Table 4.9 List of Checkpoint Codes for Police Patrol Zone 3 (cont.)

Code Checkpoints Type of Checkpoint
zone3_026 | Chai Charoen Co. ,Ltd. Red-box Checkpoint
zone3 027 | Kaona Co. ,Ltd. Red-box Checkpoint
zone3_028 | Phai Lot Factory Red-box Checkpoint
zone3_029 | Soi Suwan Khon Red-box Checkpoint
zone3_030 | Phaisan Co. ,Ltd. Red-box Checkpoint
zone3 031 | Tawan Chai Village Red-box Checkpoint
zone3_032 | Soi Phun Suk 1 Red-box Checkpoint
zone3 033 | Soi Kanda 7 Red-box Checkpoint
zone3_034 | Soi Sathit Red-box Checkpoint
zone3 035 | Hia Chua House Red-box Checkpoint
zone3 036 | Soi Kuan Im Red-box Checkpoint
zone3 037 | Soi Chuea Suan Red-box Checkpoint
zone3 038 | CB S Co. ,Ltd. Red-box Checkpoint
zone3_039 | Chan Charan Co. ,Ltd. Red-box Checkpoint
zone3 040 | Satin Factory Red-box Checkpoint
zone3 041 | Yaem Phaka Nok Red-box Checkpoint
zone3_042 | Yaem Phaka Nai Red-box Checkpoint
zone3 043 | Lat Da Rom Village Red-box Checkpoint
zone3_044 | Soi Prasit 4/4 Red-box Checkpoint
zone3 045 | Ratchaphruek Village Red-box Checkpoint
zone3_046 | Pa Chuk’s House Red-box Checkpoint
zone3 047 | Thai Phet Factory Red-box Checkpoint
zone3_048 | Soi Wan Samroeng Red-box Checkpoint
zone3_049 | Sai Thip Village Red-box Checkpoint
zone3_050 | Soi Thong Niam 1 Red-box Checkpoint
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Table 4.9 List of Checkpoint Codes for Police Patrol Zone 3 (cont.)

Code Checkpoints Type of Checkpoint
zone3_051 | Soi Chawalit Red-box Checkpoint
zone3_052 | Sawa Kon Kodang Red-box Checkpoint
zone3_053 | 17/110 Bencha Phon Vilage Red-box Checkpoint
zone3_054 | Bencha Phon Village Red-box Checkpoint
zone3_055 | Soi Prasoet Red-box Checkpoint
zone3 056 | Suea Dek Factory Red-box Checkpoint
zone3_057 | Sombun Phon’s House Red-box Checkpoint
zone3 058 | Rakhang Thong Rented Room Red-box Checkpoint
zone3_059 | Hutsa Chemical Factory Red-box Checkpoint
zone3_060 | Sombun Phon Rented Room Red-box Checkpoint
zone3 061 | Paichue 1 House Red-box Checkpoint
zone3 062 | Paichue 2 House Red-box Checkpoint
zone3_063 | Thai Nam Thip Co. ,Ltd. Red-box Checkpoint
zone3_064 | Sock Factory Red-box Checkpoint
zone3_065 | Thian Saeng Thip Co. ,Ltd. Red-box Checkpoint
zone3 066 | Sunthon 5 Village Red-box Checkpoint
zone3_067 | Bi Sian Co. ,Ltd. Red-box Checkpoint
zone3_068 | Furniture Red-box Checkpoint
zone3_069 | Air Produce Co. ,Ltd. Red-box Checkpoint
zone3_070 | Opposite Phet Samut Co. ,Ltd. Red-box Checkpoint
zone3_071 | Rim Nam Condominium Red-box Checkpoint
zone3 072 | Kim Sek Heng Goldsmiths Goldsmiths Checkpoint
zone3 073 | Chai Mongkhon Il Goldsmiths Goldsmiths Checkpoint
zone3 074 | Krungthai Bank Bank Checkpoint
zone3 075 | 7-Eleven (Bus Terminal Branch) Vehicle Checkpoint
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Table 4.9 List of Checkpoint Codes for Police Patrol Zone 3 (cont.)

Code Checkpoints Type of Checkpoint
zone3_076 | 7-Eleven (Bus Terminal Branch) Dummy Vehicle Checkpoint
zone3 077 | Lak Sam Temple Vehicle Checkpoint
zone3_078 | Lak Sam Temple Dummy Vehicle Checkpoint
zone3_079 | Weekend Market near Police Station Vehicle Checkpoint

zone3_080 | Weekend Market near Police Station Dummy Vehicle Checkpoint

zone3 081 | Bus Terminal Vehicle Checkpoint
zone3_082 | Bus Terminal Dummy Vehicle Checkpoint
zone3_083 | 7-Eleven (Nongkhaem Temple Branch) Vehicle Checkpoint

zone3_084 | 7-Eleven (Nongkhaem Temple Branch) Dummy | Vehicle Checkpoint

zone3 085 | Nongkhaem Police Station Destination

After finishing data collection on checkpoint locations, Garmin GPSMAP
60 has been connected to the computer in order to transfer data. Data are then

converted into shapefile via DNR Garmin software (Figure 4.4).

MN DNR - Garmin = 4
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Figure 4.4 Conversion of Location Data into Shapefile via DNR Garmin Software
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The projection for conversion purpose is set as Indian_1975 UTM_
Zone_47N (Figure 4.5). Meanwhile, “Thailand Local Datum” is set for Datums and
“Everest, Location Indian Thailand, UTM zone 47N” for Projections (Chaidi, 2010).
This is to conform to the digital map of Nongkhaem Police Station’s responsible area.
Location data are stored in 3 groups according to police patrol zones 1, 2 and 3,

respectively.

DNR Garmin Properties = = 2

[ Rimewpt | AcMap |  ums |
Projection T Waypoint T Track T Roue

® EPSG " ESRI C Archdap

-]
=]

Projections:

Ewerest, Local Indian Thailand, UTk zone 47
Ewerest, Local Indian Thailand, UTK zone 480N

Description of Selected Projechion:

<246810>
+proj=utm
+zone=47
+a=h377276.34R2

m

PR.J Definition: Load PRJ |

-

-

OK | Cancel | UNONEY MNDNR
Figure 4.5 Projections in DNR Garmin Software
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4.2.2 Digital Map

The digital map is a basis for route and time estimation. This research is
based on the digital map developed by ESRI Co., Ltd. under Ministry of Transport
contract. Data stored in shapefile are readable by ArcView, Arcinfo and other GIS
software.

This map consists of a range of data layers. Only transport routes are
chosen in this research since patrol officers commute on road network only; thus, no
other layers is not necessarily used. Data in this digital map are in ‘line’ format
representing highways, rural roads, municipal roads, countryside roads and soi (alley).
Its scale is 1:4000 and its projection is Indian_1975 UTM_Zone 47N of latest update
on 29 October 2008. It covers entire Nongkhaem Police Station’s responsible area.
Details are in Figure 4.6.

a BES)
File Edit Yiew Insert Selection Tools Window Help
bEeES iz Gl & | |1:57.766 &SSO | QI NPE@n BO Kk
Metwork Analyst * | BB | J
x j
- & Layers
= Mong Khaem Road
<
_Display | Source Seleotion IR |+
Draving R O~ A~ ‘,T]Cold\aNew j |TD j B ZI U A~ &~ 4~ &~
647920, 472 1515915, 144 Meters

Figure 4.6 Digital Map of Nongkhaem Police Station’s Responsible Area
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The Attributes of digital map of Nongkhaem Police Station’s responsible
area consists of 8 fields: ROAD _TYPE, ROAD_NUM, NAME_T, NAME_E,
SURFACE, WIDTH, LANE and ONEWAY to represent codes of transport routes,
transport route number, Name (Thai), Name (English), Road Surface, Road Width
(Meter), number of lane (s) and oneway traffic roads, respectively. The width and type

for these fields vary according to their characteristics.

Table 4.10 List of Digital Map Features

Shape Item Description Width Type

Polyline | ROAD_TYPE | Code of road type 2 Short Integer
ROAD_NUM | Road number 8 Text
NAME_T Name (in Thai) 70 Text
NAME_E Name (in English) 70 Text
SURFACE Road surface 2 Short Integer
WIDTH Width of road (meter) 2 Short Integer
LANE Number of lanes 2 Short Integer
ONEWAY One-way direction 2 Text

ROAD_TYPE shows road types categorized into 9 groups. Highways —
they are under Department of Highways’ responsibility and categorized according to
No. ranging from 1 - 4 digits. Rural Roads — they are under the Department of Rural
Roads responsibility and can be identified by road signs. Municipal Roads — they are
categorized according to municipalities’ border line. Countryside Roads — they are
located outside municipal area identifiable by road signs. Soi can be categorized
according to the signs; Unnamed soi or vehicle routes; Bridges along Highways,
Municipal Roads and Countryside Roads; Bridges along soi identifiable by signs and
Bridges along unnamed soi or vehicle routes. Details are displayed in Table 4.11. With
respect to Nongkhaem Police Station, most roads in its area fall into Category 6:
‘Unnamed soi or vehicle routes; while the Category 3: ‘Municipal Roads’ ranks the
second. As the road type can affect travel velocity, the road type thus is taken into

account while determining travel speed.
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Table 4.11 List of Road Type Code

ROAD_TYPE Explanation

Highways, responsible by Department of Highways, can be

! categorized according to No. ranging from 1-4 digits.

2 Rural Roads, responsible by Department of Rural Roads, can be
identified by road signs.

3 Municipal Roads are categorized according to the border line of
municipalities.

4 Countryside Roads are those located outside municipal area
identifiable by road signs.

5 Soi can be identified according to the signs.

6 Unnamed soi or vehicle routes

7 Bridges along Highways, Municipal Roads and Countryside Roads

8 Bridges along soi identifiable by signs

9 Bridges along unnamed soi or vehicle routes

ROAD_NUM refers to the specific highway number. This is to identify
routes according to the highway numbering system designated by Department of
Highway and Ministry of Rural Highways under the jurisdiction of the Ministry of
Transport. However, most routes in Nongkhaem Police Station’s responsible area have
no highway number because most of them are unnamed soi or routes and municipal
roads. Bangkok Metropolitan Administration (BMA) who owned them does not use
the highway numbering system as such.

NAME_T, NAME_E: they refer to official names of highways, rural
roads and soi, in Thai and English, and their respective highway number.

SURFACE: there are 4 types of road surface: concrete, asphalt, non-
asphalt and other. In Nongkhaem Police Station’s responsible area, most of them are

concrete surface.
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Code Explanations
1 Concrete road surface
2 Asphalt road surface
3 Non-asphalt road surface
4 Other

WIDTH: it is the width of road measured in meter. The measurement is made

on the basis of aerial map. Most of roads in Nongkhaem Police Station’s responsible

area are 6 meters wide; while some of them are 4 meters.

LANE: it refers to the number of lanes. Most of roads in Nongkhaem Police

Station’s responsible area are two-lane roads.

ONEWAY: it means the vehicle route direction. Only dual routes are taken

into consideration. Their codes are:

FT = it refers to oneway routes from the origin to the destination. The

arrow sign is to identify the direction.

TF = it refers to oneway routes from the destination to the origin.

Likewise, the arrow sign is to show the direction.
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4.2.3 Designation of Travel Speed on each Road

To determine travel speed that most resembles the actual travel by patrol
officers, Garmin GPSMAP 60 has been equipped with motorcycles for 3 police patrol
zones. This is to collect data on routes, speed and actual distance. Data collection was
conducted between December 15 -17, 2009. All data are readable by MapSource
Version 6.16 software.

According to records kept by Garmin GRSMAP 60, on 15 December 20009,
patrol officers in police patrol zone 1 traveled for 63.1 kilometers with travel time of 7
hours 36 minutes or average speed of 8 kilometers per hour. Figure 4.7 shows the routes

taken by patrol officers, while Figure 4.8 displays details on travel speed and distance.

PR 1512 2552 FULL - MapSource == X

File Edit Find Transfer View Tools Utilities Help

Q& [m <Medum -] HB& 7R FEE @ POMTD  HE A

beE&E | & & X

Maps |Waypomts I Ruutes| Tracks(1) |

Name / Points Start Time Elapsed Time
ACTIVE LOG 041 2082 15/12/2552 8:14:59 7:36:57

overzoom -

< | 1 | 3

1 Track(s) (63.1 km total) Selected UTM(WGS 84)

Figure 4.7 Routes Taken by Patrol Officers in Police Patrol Zone 1 as
Recorded by Garmin GPSMAP 60
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Bs Track Properties [ X
Name: ACTIVE LOG 041 Color: [. Default v] ’ Cancel ]
Index Time Elevation Depth Temperature Leglength LegTime Leg Speed Leg Course Position
1 15/12/2552 8:14:59 0m 5m 0:00:28 0.7 km/h  206° true 47 P 645504 1512393 |i|
2 15/12/2552 8:15:27 4m im 0:00:37  0.3km/h  136°ftrue 47 P 645502 1512389
3 15/12/2552 8:16:04 6m om 0:03:48 0 km/h 0° true 47 P 645504 1512386
4 15/12/2552 8:19:52 16m aom 0:00:24 0 km/h 0° true 47 P 645504 1512386
5 15/12/2552 8:20:16 15m 0m 0:00:12 0 km/h 0° true 47 P 645504 1512386
6 15/12/2552 8:20:28 14m 7m 0:00:02 12 km/h 4409 true 47 P 645504 1512386
7 15/12/2552 8:20:30 14 m 1Z2m 0:00:04 11 km/h 52° true 47 P 645500 1512391
8 15/12/2552 8:20:34 15m 41m 0:00:08 18 km/h 353°true 47 P 645518 1512398
9 15/12/2552 8:20:42 16 m 78 m 0:00:12 23 km/h 348° true 47 P 645513 1512439
10 15/12/2552 8:20:54 iem 31m 0:00:08 14 km/h 356° true 47 P 645497 1512514
11 15/12/2552 8:21:02 16m 15m 0:00:09 & km/h 342%true 47 P 645494 1512545
12 15/12/2552 8:21:11 16m am 0:00:01 17 km/h 0° true 47 P 645490 1512560
13 15/12/2552 8:21:12 15m 57 m 0:00:08 26 km/h 344° true 47 P 645490 1512564
14 15/12/2552 8:21:20 15m 82 m 0:00:10 30 km/h 344° true 47 P 645473 1512619
15 15/12/2552 8:21:30 16m 100 m 0:00:11 33 km/h 344% true 47 P 645449 1512697
16 15/12/2552 8:21:41 15m 3Zm 0:00:06 19 km/h 347° true 47 P 645421 1512792
17 15/12/2552 8:21:47 14 m 8m 0:00:08 3 km/h 342°% true 47 P 645414 1512823
18 15/12/2552 8:21:55 1zm 13m 0:01:17 0.6 km/h  339°frue 47 P 645411 1512830 -~

[] center map on selected item(s)
Points Length Area Elapsed Time Avg. Speed
2082 63.1 km 2.2 sq km 7:36:57 8 km/h

File/URL: e Show On Map

Figure 4.8 Travel Speed, Time and Distance in Police Patrol Zone 1 as
Recorded by Garmin GPSMAP 60
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Likewise, the record kept by Garmin GPSMAP 60 reveals that, on
December 16, 2009, patrol officers in police patrol zone 2 traveled 41.6 kilometers with
travel time of 6 hours 50 minutes or average speed of 6 kilometers per hour. Figure 4.9
shows the routes taken by patrol officers, while Figure 4.10 displays details on travel speed

and distance.

Bs 1612 2552 FULL - MapSource =Bl X

File Edit Find Transfer View Tools Utilities Help

Qafim Jieams] B4 C RV @ PORTH ARE

DEeREE | & B X o0

O] p

Maps |Waypomts I Routes| Tracks(1) |

Name / Points Start Time Elapsed Time P ——
_ _—
ACTIVE LOG 056 1662 16/12/2552 8:51:09 6:50:06 =

Tkm

averzoom -

< 1 | 3

| L Track(s) (41.6 km total) Selected UTM(WGS 84)

Figure 4.9 Routes Taken by Patrol Officers in Police Patrol Zone 2 as
Recorded by Garmin GPSMAP 60
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A8 Track Properties X |
| Mame: ACTIVELOG 056 Color: I Defauit -] [ Cancel ]
Index Time Elevation Depth Temperature Leglength Leg Time LegSpeed Leg Course Position
1 16/12/2552 8:51:09 -am 30m 0:00:07 15 km/h 4472 true 47 P 645498 1512386
2 16/12/2552 8:51:16 am 5m 0:00:01 19 km/h 334° true 47 P 645518 1512408
3 16/12/2552 8:51:17 am 51m 0:00:08 23 km/h 352° true 47 P 645516 1512412
4 16/12/2552 8:51:25 9m 17 m 0:00:02 31 km/h 344% true 47 P 645509 1512462
5 16/12/2552 8:51:27 9m 51m 0:00:07 26 km/h 350° true 47 P 645504 1512479
6 16/12/2552 8:51:34 8m 12m 0:00:06 7 km/h 349° true 47 P 645494 1512529
7 16/12/2552 8:51:40 10m im 0:00:04 3 km/h 316° true 47 P 645492 1512541
8 16/12/2552 8:51:44 1z m 3im 0:00:03 4 km/h 316° true 47 P 645490 1512543
9 16/12/2552 8:51:47 13m 15m 0:00:04 13 km/h 351°%true 47 P 645487 1512545
10 16/12/2552 8:51:51 16 m 3m 0:00:01 19 km/h 335° true 47 P 645485 1512559
11 16/12/2552 8:51:52 16 m 63 m 0:00:07 33 km/h 341° true 47 P 645483 1512564
12 16/12/2552 8:51:59 20m 47 m 0:00:06 28 km/h 346° true 47 P 645461 1512623
13 16/12/2552 8:52:05 23m 86 m 0:00:09 34 km/h 346° true 47 P 645449 1512668
14 16/12/2552 8:52:14 17 m 27 m 0:00:03 33 km/h 345° true 47 P 645428 1512751
15 16/12/2552 8:52:17 16 m 7im 0:00:10 28 km/h 344% true 47 P 645421 1512778
16 16/12/2552 8:52:27 16 m 22m 0:00:03 26 km/h 348° true 47 P 645400 1512851
17 16/12/2552 8:52:30 17 m 48 m 0:00:06 29 km/h 343°true 47 P 645395 1512872
18 16/12/2552 8:52:36 21m 29m 0:00:03 35 km/h 351° true 47 P 645381 1512917 -
["] center map on selected item(s)
Points Length Area Elapsed Time Avg. Speed -
1662 41.6 km 2.9 5q km 6:50:06 6 km/h
Links Show Profile...
File/URL: - g Show On Map

Figure 4.10 Travel Speed, Time and Distance in Police Patrol Zone 2 as
Recorded by Garmin GPSMAP 60
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Also, the record kept by Garmin GPSMAP 60 reveals that, on December
17, 2009, patrol officers in police patrol zone 3 traveled for 35.6 kilometers with travel
time of 6 hours 38 minutes or average speed of 5 kilometers per hour. Figure 4.11 shows
the routes taken by patrol officers, while Figure 4.12 displays details on travel speed and

distance.

B8 17_12_2552 - MapSource = |B| X

File Edit Find Transfer View Tools Utilities Help

QQ[n M) M&| 2 GF) L UL @] POHTH| B R

DCEeEd& &8 X
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‘ Maps |Waypoints | Routesl Tracks(1) ‘

Name # Paints Start Time Elapsed Time
ACTIVE LOG 070 1049 17/12/2552 8:36:52 6:20:47

Tkm

overzoom -

] [m] 3

< 11 | »

| |11 Track(s) (35.5 km total) Selected UTM(WGS 84)

Figure 4.11 Routes Taken by Patrol Officers in Police Patrol Zone 3 as
Recorded by Garmin GPSMAP 60
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B8 Track Properties
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I%

0
Mame: ACTIVE LOG 070 Color: [. Default VI [ Cancel I
Index Time Elevation Depth Temperature Leglength Leg Time Leg Speed Leg Course Position <
1 17/12/2552 8:36:52 -3m 10m 0:00:05 7 km/h 13% true 47 P 645525 1512389 =
2 17/12/2552 8:36:57 4 m 0m 0:00:18 0 km/h 0% true 47 P 645528 1512398
3 17/12/2552 8:37:15 -2m sm 0:00:31 0.6 km/h  242° true 47 P 645528 1512398
4 17/12/2552 8:37:46 2m 17m 0:00:10 6 km/h 254° true 47 P 645523 1512396
5 17/12/2552 8:37:56 4m 7m 0:00:07 4 km/h 251% true 47 P 645507 1512391
6 17/12/2552 8:38:03 sm 2m 0:00:16 0.6 km/h  180°true 47 P 645500 1512389
7 17/12/2552 8:38:19 6m Zm 0:00:16  0.5km/h  90° true 47 P 645500 1512386
8 17/12/2552 8:38:35 6 m 5m 0:04:36 0.1 km/h  154° true 47 P 645502 1512386
9 17/12/2552 8:43:11 4m 0m 0:00:01 0 km/h 0% true 47 P 645505 1512381
10 17/12/2552 8:43:12 4m 5m 0:00:06 3 km/h 154% true 47 P 645505 1512381
11 17/12/2552 8:43:18 2Zm 7m 0:00:14 2 km/h 72° true 47 P 645507 1512377
12 17/12/2552 8:43:32 -5m 21m 0:01:34 0.8 km/h  270° true 47 P 645514 1512379
13 17/12/2552 8:45:06 -37 m 22 m 0:08:05 0.2kmfh 71°true 47 P 645493 1512379
14 17/12/2552 8:53:11 -9m 14 m 0:00:07 7 km/h 280°% true 47 P 645514 1512386
15 17/12/2552 8:53:18 -8m im 0:00:02 & km/h 316° true 47 P 645500 1512389
16 17/12/2552 8:53:20 -7m im 0:00:07 4 km/h 2527 true 47 P 645498 1512391
17 17/12/2552 8:53:27 -6m 14 m 0:00:12 4 km/h 238% true 47 P 645491 1512389
18 17/12/2552 8:53:39 -4 m 7m 0:00:08 3 km/h 2517 true 47 P 645479 1512381 -
[] center map on selected item(s)
Foints Length Area Elapsed Time Avg. Speed
1049 35.5 km 6.5 sq km 6:20:47 & km/h

Fie/URL MG Shove O ap

Figure 4.12 Travel Speed, Time and Distance in Police Patrol Zone 3 as
Recorded by Garmin GPSMAP 60

Travel speed is then analyzed based on above travel data to estimate average

travel time in each route. In conclusion, the speed can be categorized into 3 groups,

namely, 30 km/h, 25 km/h and 15 km/h.
30 km/h — Bang Bon 5 Road, Bang Bon 4 Road, Soi Phet Kasem 81 (Ma
Charoen), Liap Khlong Phasi Charoen Fang Nuea Road and Soi Wat Sinuan
25 km/h — Road Category 1, Phet Kasem Road, Liap Khlong Phasi Charoen

Fang Tai Road, Bang Bon 3 Road, Soi Sawatdikan 1, Soi Phet Kasem 77 Yaek
(Junction) 1, Soi Phet Kasem 77 Yaek 2, Soi Phet Kasem 77 Yaek 3, Soi Phet Kasem

77 Yaek 4-4.

15 km/h — Road Category 2, 3,4, 5,6, 7, 8 and 9.
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4.2.4 Designation of Service Time

According to the interviews with patrol officers in light of police patrol,
two patrol officers do police patrol and a motorcycle is their vehicle. They leave police
station to checkpoints in the responsible area and choose the routes they deem suitable.
After their arrival, they may spend time in the checkpoints differently due to the
variation of practices and procedures in each checkpoint.

Red-box Checkpoints: they spend about 3 minutes and sign their name in
the patrol notebook.

Bank Checkpoints: they spend about 10 minutes at bank premise and sign
their name in the patrol notebook. They then inspect surrounding area and talk with
individuals.

Goldsmith Checkpoints: they also spend about 10 minutes here and sign
their name in the patrol notebook. They then inspect surrounding area and talk with
individuals.

Vehicle Checkpoints: this follows “Police Patrol Plan for Patrol Officers”.
The patrol officers thus are required to arrive and depart from the checkpoint at a
specific time. At vehicle checkpoint, they need to inspect suspected or wrongdoers’

vehicles in order to find illegal items and to deter crime.
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4.3 Data Analysis

All location data and shapefile (as described in Section 4.2) are analyzed
by Network Analyst property of ArcMAP software in order to identify the shortest
travel time between all checkpoints. Details on such analysis are in the following

section.

4.3.1 GPS Data

In this stage, digital map of routes to all checkpoints in Nongkhaem Police
Station’s responsible area and all location data are displayed in ArcMAP software
ready to find distance and travel time between checkpoints. All Figure 4.13 shows
these checkpoints: red circles, green squares and blue triangles represent police patrol
zones 1, 2 and 3, respectively. Meanwhile, black lines stand for the routes within

Nongkhaem Police Station’s responsible area.

a ags|
File Edit Wew Inssrt Selection Tools Window Help
== =1 w ol e o] | EHON QAN PEDI RO ROH S 2
network Analyst > | B | =l
= ~l

- £# Layers
= B nong khaem road

= checkpaints zonel

L]
= checkpaints zone2
m

= checkpaints zoneZ
'y

Display Selection @004 [
Drawing * Rk O~ A~ 7] Cordia New [0~ B U A~ H~ Fv o+~

B47585.49 1516006.579 Meters

Figure 4.13 Checkpoint Locations in 3 Police Patrol Checkpoints and

Digital Map Displayed in ArcMAP Software
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4.3.2 Network Analysis

Network Analyst Extension property of ArcMAP software is capable to
route and find the closest facility and service area. In particular, data analysis in this
research is carried out on the basis of Origin-Destination Cost Matrix.

1) Digital Map Configuration

To use Network Analyst Extension property, the configuration of routes in
Nongkhaem Police Station’s responsible area needs to resemble patrol officers’ actual
travel, e.g. setting travel speed on each route and developing Network Dataset.

Specifying Travel Speed

Travel speed setting should be most similar to the actual situation because
in fact patrol officers use different travel speed along each route. Travel speed data
described in Section 4.2.3 thus have been applied. For the digital map of routes in
Nongkhaem Police Station’s responsible area, there are three travel speed levels,
namely, 30 km/h, 25 km/h and 15 km/h. Green, yellow and red lines represent the
speed of 30 km/h, 25 km/h and 15 km/h, respectively (Figure 4.14).

% Untitled - ArcMap - Arclnfo
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Figure 4.14 Travel Speed in each Route in Digital Map of

Nongkhaem Police Station’s Responsible Area
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Travel speed configuration can affect distance and time estimation in the
light of two possible options, namely, “the shortest route” or “shortest travel time”.
ArcMAP software is used for this purpose. Three fields, Speed (travel speed for each
route), Meters (distance of that particular road) and Minutes (travel time in each route)
have been added into the Attributes of digital map.

Speed Field is to identify travel speed based on the analysis in Section
4.2.3 and Minutes field is for travel time estimation in each route. Likewise, three
speed levels are 15 km/h, 25 km/h and 30 km/h (Figure 4.15).

E Attributes of nong khaem road g@@l

FID | Shape * | ROAD_TYPE | ROAD_NUM| NAKME_E |SURFAC| WIDTH ‘ LANE |0NEWA\¢ SHAPE_LENG | LENGTH ! SPEED i ]
0/ Palyline 5 501 PHET KASEM 68 1 7 2 28553757 28553757 25
| 1|Polyline a SO0I NAK SATHAPHON 1 1 4 2 165.337234 165.337234 14
] 2 Palyline 5 500 MU BAM P. S, VILLA 7 1 8 2 51.068813 51.068813 14
| 3 |Palyline a S0I PHET KASEM 116/5 1 B 2 64.500554 64.500554 14
] 4 Palyline [ 1 B 2 35535723 35535723 14
| 5 Palyline B 1 9 2 19.621882 19.621882 14
] & Palyline 3 LIAP KHLOMNG PHASI CHAROEM 1 12 4 287.828164 287.828164 30
| 7 |Palyline B 1 12 4 161401274 161401274 14
] & Palyline 5 SO0 PHET KASEM 112 (RONGRIA 1 5 2 40.021448 40.021448 14
| 9| Palyline B 1 2 2 30.985825 30.985825 14
] 10|Palyline [ 1 3 1 310.314388 310.314388 14
| 11|Palyline B 1 12 4 4.930966 4.930966 14
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Figure 4.15 Travel Speed for each Route as Displayed in Speed Field of
Digital Map of Nongkhaem Police Station’s Responsible Area
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Meters Field is for distance estimation in each route. Distance

configuration in this field is based on Visual Basic Application (Figure 4.16).

Field Calculator

Fields: Tupe:

|
FID * Number
ROAD_TPE

MAME_E " Shing
SURFACE

WIDTH " Date
LAME

ONEWAY

SHAPE LEMG

LEMGTH

SPEED

METERS

MINUTES

Pre-Laqgic B Script Code v Advanced

Dhim Output a2 double
Dim pCurve az [Curve
Set pCurve = [shape]
Output = pCurve.Length

METERS =
|Dutpuﬂ

OF.
- o |
Cancel

Figure 4.16 Distance Estimation in each Route in the Digital Map of

Nongkhaem Police Station’s Responsible Area
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Minutes field is to estimate travel time in each route. Travel time

configuration is shown in Figure 4.17. For travel time estimation (minutes), distance in

Meters field is multiplied with 0.06; then, divided by the corresponding travel speed in the

Speed field.

Field Calculator

Fields: Type: Functions:
ROAD_NLIM A e Number [BESTT A
MAME_T Atn [ )
NAME E £ Shing EDS[ J
SURFACE F.“P[ J
WwIDTH " Date lrft*[[]]
o Log [ )
OMEwWY Sl ]
SHAPE_LENG Sl
LEMGTH
SPEED
METERS | ] =
MIMUTES hd i j j
e

MINUTES = [~ advanced
[METERS[0.06/ [SPEED] —

Help

oK,
- o

Cancel

Figure 4.17 Travel Time Configuration in each Route in

Nongkhaem Police Station’s Responsible Area
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Figure 4.18 shows distance and travel time estimation in the Attributes of

digital map of Nongkhaem Police Station’s responsible area.

& Attributes of nong khaem road g@gl

FID ‘Shape  ROAD_TYP

NAME_E

‘ SURFAC‘ WIDTH ‘ LANE‘ ONEWAY‘ SHAPE_LEN‘ LENGTH ‘ SPEED

METERIMINUTE% D

1| Polyline
2|Palyline
3|Palyline
4|Polyline
5|Polyline
7 |Polyline
8| Polyline
9| Polyline
10| Polyline
11| Polyline

12 | Palyling

13| Polyline

S80I NAK SATHARPHON 1
SSOIMUBAN P S WILLA 7
5|30 PHET KASEM 116/5

[
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[

D801 LIARP KHLONG PHASIC

[
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1

1

1

1

1
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g

g

]
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Record:ﬂﬂ 1] jﬂ Shaw; W Selected Records (0 out of 3851 Selected)
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Figure 4.18 Distance and Travel Time Estimation in

Nongkhaem Police Station’s Responsible Area

Developing Network Dataset

In this stage, the digital map is configured in the way that most resembles

the actual routes taken by patrol officers and their nature while doing police patrol.

Indeed, accurate configuration leads to more effective analysis of routes and travel

time between checkpoints. As a result, route connectivity in the digital map is

important for developing Network Dataset. The configuration steps are as follows:

to connect crossroads in order that all routes and checkpoints can be linked.

Connectivity: it is configured in ‘Any Vertex’ (Figure 4.19). Nodes are set
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Connectivity

Connectiviby Groups:

|5|:|urce Canneckivity Policy | 1 |

niong khaem road Any Werkex

Group Columns:

=

=

Cancel |

Figure 4.19 Connectivity in Network Dataset

Connectivity with Elevation: the connectivity also involves the elevation,

e.g., bridges or expressways that have no road connectivity. However, no elevation

data are collected for this research because there is no high bridge or expressway in

Nongkaem police Station’s area S0 elevation setting is not required (Figure 4.20).

MNew Metwork Dataset

Do yiou want ba madify the connectivity with elevation figld data’?

* Mo

" “es
Source End Field
nong khaem road From End
nong khaem road To End

Click in the Field colurmn to zet elevation fields.

< Back | Mt » |

Cancel |

Figure 4.20 Configuration of Elevation in Network Dataset
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Configuration of Turns: riding motorcycle allows patrol officers to
commute conveniently. Therefore, Global Turns are chosen (Figure 4.21) as they can

turn or make a U-turn at crossroads with ease.

New Metwork Dataset

Droyou want bo model turne in thiz network?

™ Ma
* Yes

Tumn Sources:
<iElobal Turns >

< Back | Mext > | Cancel |

Figure 4.21 Configuration of Turns in Network Dataset
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Configuration of Attributes in Network Dataset: due to the flexibility of
motorcycle and hurry to reach checkpoints or to deter crime, patrol officers may
sometimes ride against the flow of traffic. ‘Oneway’ feature thus has been omitted
(Figure 4.22); therefore, Oneway field has not been included in the analysis of

distance and travel time between checkpoints in this research.

New Network Dataset
Specify the attributes for the network. dataset: Add
! |@| Marne Usage Lnits Data Tvpe |
Meters Cost Meters Double Remove
@  Minutes Cost Minukes Double

Femawve &l

oneway Restriction  Unknown  Boolean

Fename

Duplicate

Farameters. ..

Evaluators...

Il

< Back | Mt » | Cancel |

Figure 4.22 Specifying the Attributes in Network Dataset




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Tech. of Info. Sys. Management) / 91

Direction Settings: ‘Display Length Unit’ is for measurement unit setting
(meters) and NAME_E is for road name (Figure 4.23).

Network Directions Properties

General l Shields] Boundary]

Directions Settings

Display Length Units Meters
Length Attribute Meters
Time Attribute Minutes
Road Class Attribute

Signpost Feature Class
Signpost Streets Table

Street Name Fields

Source: nong khaem road j
Rank Prefix Prefix Type Mame Suffix Type Suffix
Primary MAME_E
. =
Mumber of Alternate Mames: ] =
(] 8 | Cancel | |

Figure 4.23 Direction Settings in Network Dataset

Summary: Figure 4.24 shows all configurations in Network Dataset and
Figure 4.25 displays nodes of route and checkpoint connectivity to identify distance

and travel time between checkpoints.

New Metwork Dataset

Sunmmary:

Mame: nong_khaem_road WD ~
Type: Shapefie-B azed Hetwark D atazet

Sources
Edge Sources:
niong khaern road

Connectivity:
Group 1
Edge Connectivin:
rang khaem road [boy Wertes)

Turns:
<Global Turns>

Attributes:
Minutes:

< Back | Finizh | Cancel |

Figure 4.24 Summary of All Configurations in Network Dataset




Pol. Capt. Chanon Kamnuansak Results and Discussion / 92

= Untitled - ArcMap - Arcinfo

Eile Edit Yiew Insert Selection Tools wWindow Help

DS ) + |[147080 s EeOe @@ e 1@ RO#H DD
Network Analyst ¥ | BB Network Dataset: [nong_khaem_road_ND ~| @5

x
=]
= nong_khaem_road_MD_Junct
.
= nong khaem road
= nong_khaem_road_MD
— Edges

< »

Display [ Source | Selecton] 2oy [ ]
Drawing ~ K O~ A~ 2] Cordia New A0~ B ru Ax &~ F- o~

B46655.431 1513175651 Meters

Figure 4.25 Complete Picture of Network Dataset of Digital Map of

Nongkhaem Police Station’s Responsible Area
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2) Origin-Destination Cost Matrix Analysis

In previous section, data are arranged for analysis purpose. Checkpoint

location data are collected to identify exact checkpoint position; while routes to

checkpoints in digital map are connected. Travel speed and route connectivity thus

should be configured in the way that most resemble actual situation. In this stage,

those data are analyzed to find the shortest travel time between all checkpoints. With

respect to property settings for time-based analysis, the impedance is set as ‘Minutes’

in Analysis Settings Function (Figure 4.26).

Layer, Properties

Settings

Impedance:

Default Cutaff ¥ alue:
Destinations Ta Find:
Allow U-Turmnsz:
Output Shape Type:

-

[ lgnare Invalid Locations

Minutes [Minutes)
<Moner ﬂ
Al =l
<Al =
Evenywhere -

Straight Line -

[

Gieneral | Layers | Source  Analysis Seltings ]Accumulatinn} Metwork Locations |

Restrictions

=]

Cancel ‘

Apply |

Figure 4.26 Configuration of Origin-Destination Cost Matrix Analysis Based on Time
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Origin-Destination Cost Matrix Analysis is computed for separate police
patrol zones. This corresponds to the patrol officers’ actual performance of duty. The
details are as follows.

Police Patrol Zone 1

There are 100 checkpoints in police patrol zone 1 based on location data
collected as described in Section 4.2.1. When Nongkhaem Police Station that serves as
the origin and destination is included, total checkpoints to be analyzed are 102. Total
10,404 routes that patrol officers pursue will then be analyzed (Figure 4.27).

Q HEH
Fle Edt View Insert Selection Tools Window Help
DEES I AL 1= AR SRt R N E K
Netwark Analyst v | |ER i Network Dataset: [nong_khaem road ND ~| 2@
x x =
= £ Layers | oD Cost Matric |

SR BN checkpoints zonel + Origins (102)

_ o0 Cost Malrix + estinations(ll]Z)
s
T Origins Barriers (0)
@ Error
@ Located
2 Unlocated
= Destinations
& Error
Il Located
?[Junlacated
+ EBarriers
= Lines
- ines
= O nong_khaem_road_ND_Junct
*
= nong khaem road

= O nong_khaem_road_MD

-*

— Edges
< > —
_Display | Seurce | Selection | am| & 4 (v
Drawing * R O~ A~ |Iﬂ Cordia Mew j |'IE| j B I U é > &~ i I

B47271.669 1516285.774 Meters

Figure 4.27 Origin-Destination Cost Matrix in Police Patrol Zone 1
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Results of Origin-Destination Cost Matrix Analysis in police patrol zone 1

are shown in Figure 4.28. All 10,404 routes between checkpoints are in Name field.

Distance field displays the shortest time (minutes) in traveling between checkpoints

and Travel Time field shows the shortest-time routes (meters) between checkpoints.

This analysis is also exportable to database file.

& Attributes of Lines [E|E

Name ‘ OriginlD ‘ Destination|D Travel Time I Distance I -
zonel arigin - zone1 origin 1 1 4] 1}
| zone’ origin - zone1_destination 1 102 0 0
B zonel origin - zone1_49 1 a0 561 1.12
| zonel origin - zone1_78 1 7o 542 1.28
B zone origin - zone1_40 1 41 300 1.8
B zonel arigin - zonel1_r0 1 71 1,092 218
B zonel origin - zone1_45 1 4G 1,138 2.27
| zonel origin - zone1_44 1 45 1,156 2.3
B zonet origin - zone1_59 1 Gl 1177 2.35
B zonel origin - zone1_34 1 35 1,140 2.4
| zonel origin - zone1_48 1 4G 1,222 246

| zone origin - zone1_75 1 76 1,213 264 ¥

Record: ﬂ j]io j ﬂ Shows: W Selected Records (0 out of 10404 Selecked) Options -

Figure 4.28 Results of Origin-Destination Cost Matrix Analysis in Police Patrol Zonel
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Police Patrol Zone 2

There are 97 checkpoints in police patrol zone 2 based on location data
collected as described in Item 4.2.1. When Nongkhaem Police Station that serves as
the origin and destination is included, total checkpoints to be analyzed are 99. Total

9,801 routes that patrol officers pursue will then be analyzed (Figure 4.29).

Jap - Arclnfo - 2]
File Edit Yiew Insert Selection Tools ‘Wwindow Help
DEES & |[r63.25 MEEAFON- Ja i YRCORCE-ER N ] E
Metwork Analyst = a R& ﬁ Metwork Datasat: |nong_khaem_rnad_ND j @ EI.«
x x -
EE= Layers |OD Cost Matrix j
S| -|Ee-:l-p.:-|nt~_= zone? + Origins (99)
+ Destinations (99
= 0D Cost Matrix - a9
ria Lines (3801)
T rigins Barriers {0)
. Errar
@ Located
2 Unlacated
] Destinations
W Erer
O Located
?[Junlocated
+-V Barriers
-H Lines
= ines
= O nong_khaem_road_MD_Junct
+
= niong khaem road
= O nong_khaem_road_mD
— Edges
< [ =
-
Display | Source | Selection a0 |2 ‘l |’|_
prawing = K O~ A~ 2 |[[& Codaen o -l Bz oA &~ A 2~
B48242.366 1513992922 Meters

Figure 4.29 Origin-Destination Cost Matrix Analysis in Police Patrol Zone 2
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Results of Origin-Destination Cost Matrix Analysis in police patrol zone 2
are shown in Figure 4.30. All 9,801 routes between checkpoints are in Name field.
Distance field displays the shortest time (minutes) to travel between checkpoints and
Travel Time field shows the shortest-time routes (meters) between checkpoints. This

analysis is also exportable to database file.

& Attributes of Lines ] =] E

Name ‘ OriginlD ‘ DestinationID Distance l Travel Time } —
ZONEZ Origin - Zonez origin 1 1 0 0
B zZoneZ origin - zoneZ_destination 1 95 1] 1]
B ZONEZ origin - zoneZ_48 1 45 2737 5.57
B ZONEZ origin - ZoneZ_7§ 1 T 2818 5.64
B zONEZ origin - zonez_g%9 1 o 2,880 5.76
B zoOne2 origin - zone2_o1 1 2 2,850 5.84
B zone2 origin - zone2_47 1 48 2,886 5.93
B zone2 origin - zone2_4%9 1 a0 2,966 .01
B zone2 origin - zone2_50 1 51 3,027 517
B zone2 origin - zone2_17 1 18 3,087 G518
B zone2 origin - zone2_51 1 52 3,132 G5.27

B zone2 origin - zone2_42 1 43 3,155 5.33 »

Record: ﬂjl—ujﬂ Show: W Selected Records (0 out of 9801 Selected) Options =

Figure 4.30 Results of Origin-Destination Cost Matrix Analysis in Police Patrol Zone2
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Police Patrol Zone 3

There are 84 checkpoints in police patrol zone 3 based on location data
collected as described in Item 4.2.1. When Nongkhaem Police Station that serves as
the origin and destination is included, total checkpoints to be analyzed are 86. Total
7,396 routes that patrol officers pursue will then be analyzed (Figure 4.31).

Q HER
File Edit Yiew Insert Selection Tools ‘Window Help
DEWHS o | & ez EIFET =T L
Metwark analyst v | BB oo Network Dataset: [nong_khaem_road_ND ~| 2@
x = -]
-l £ Layers | oD Cost Matric |
- O lueu:k;u:unts 20ne3 = Origins (85)
+ Destinations (86
= B 00 Cast Matrix . (#6)
o Lines (7396}
] Origins "
Barriers (0)
@ Error
@ Located
2O Urlocated
= Destinations
. Errar
I Located
?[Junlacated oo
+ Barriers
+-[ Lines
= O nong_khaem_road_MD_Junct
+
= nong khaem road
= O neng_khaem_road_MND
— Edges
< > J
Digplay | Source | Selection 20| ,,ﬂ J ﬂ
Drawing v & O~ A~ |,lﬂEnrdiaNew j|1ﬂj B I U é' O~ i' RIS
644677.566 1515315.078 Meters

Figure 4.31 Origin-Destination Cost Matrix Analysis in Police Patrol Zone 3
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Results of Origin-Destination Cost Matrix Analysis in police patrol zone 3
are shown in Figure 4.32. All 7,396 routes between checkpoints are in Name field.
Distance field displays the shortest time (minutes) in traveling between checkpoints and
Travel Time field shows the shortest-time routes (meters) between checkpoints. This
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analysis is also exportable to database file.

D L]
Name OriginlD DestinationlD Distance Travel Time
zone3 arigin - zone3 origin 1 1 [0} i}
Zone3 origin - zone3_destination 1 86 0 0
zone3d origin - zone3d_72 1 73 20 .04
zone3 origin - zone3_74 1 7a 48 0
ZOne3 origin - Zone3_73 1 74 143 28
ZONE3 arigin - zone3_r7{in) 1 80 216 .44
zZone3 arigin - zone3_7 7{out) 1 a1 216 .44
zone3 origin - zone3_35 1 36 258 60
Z0Ones3 origin - zone3_13 1 14 307 .66
zoned arigin - zone3_73(in) 1 G4 693 1.58
zZone3 arigin - zone3_7 S(out) 1 a5 693 1.58
ZONEe3 origin - Zone3_36 1 37 585 1.8
Record: ﬂ jl—u j ﬂ Shows: W Selected | Records (0 out of 7396 Selected) Options v|

[

|<

Figure 4.32 Results of Origin-Destination Cost Matrix Analysis in Police Patrol Zone3
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4.3.3 Distance Matrix and Travel Time Matrix
Distance Matrix displays travel distance between all checkpoints across

digital map network. Routes between checkpoints are the shortest-time ones. Travel
time also depends on the speed in each route. As described earlier, there are three
speed levels in this research, namely, 15 km/h, 25 km/h and 30 km/h. Such distance is
based on Origin-Destination Cost Matrix analysis in police patrol zones 1, 2 and 3 as
described in Section 4.3.2 (Network Analyst). Distance between checkpoints can be

used as a value in Cij (cost or distance in road network from checkpoint i to

checkpoint j with the shortest time) in the objective function of optimization models
with an aim to minimize the sum of total travel cost by identifying the shortest route
that the patrol officers can take to all checkpoints without repetition.

Travel distances between all checkpoints across digital map network are
on the basis of Origin-Destination Cost Matrix analysis as described in Section 4.3.2.
The results are displayed in separate Police Patrol Zones, namely, police patrol zone 1
(10,404 routes), police patrol zone 2 (9,801 routes) and police patrol zone 3 (7,369
routes) as shown in Tables 4.13, 4.14 and 4.15, respectively. In this regard, the number

of routes varies according to the number of checkpoints in each police patrol zone.
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Table 4.13 Distance Matrix in Police Patrol Zone 1 (meters)
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A o — [aN] ™ < o (o] o —

Checkpoint | S S S 8 8 8 3 S S

1D 2 2 2 2 2 2 2 2 2

o o o o o (o] o o o

N N N N N N N N N

zonel 000 0 1,918 | 1,560 | 1,259 | 1,492 | 2,888 4,842 | 4,842 0
zonel 001 | 1,918 0 873 833 | 2,396 | 3,792 5,746 | 5,746 | 1,918
zonel 002 | 1,560 | 873 0 475 | 2,038 | 3,434 5,388 | 5,388 | 1,560
zonel 003 | 1,259 | 833 475 0 1,737 | 3,133 5,087 | 5,087 | 1,259
zonel 004 | 1,492 | 2,396 | 2,038 | 1,737 0 2,395 5,320 | 5,320 | ,1492
zonel 005 | 2,888 | 3,792 | 3,434 | 3,133 | 2,395 0 3,904 | 3,904 | 2,888
zonel 099 | 4,842 | 5,746 | 5,388 | 5,087 | 5,320 | 3,904 0 0 4,842
zonel 100 | 4,842 | 5,746 | 5,388 | 5,087 | 5,320 | 3,904 0 0 4,842

zonel 101 0 1,918 | 1,560 | 1,259 | 1,492 | 2,888 4,842 | 4,842 0
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A o — (9] (92) < To] (o] N~ [ee]

Checkpoint | S 8 8 s 8 8 3 3 3

(\lI C\lI (\JI C\lI (\JI Nl Nl Nl (\II

1D e e e e e e 2 2 e

o o o o o o o o o

N N N N N N N N N
zone2_000 02851 | 4,601 (3414 | 4,011 | 4,855 6,195 | 6,195 0
zone2_001 | 2,851 0] 3545 | 1,269 | 1,867 | 2,711 3,917 | 3,917 | 2,851
zone2_002 | 4,601 | 3,545 0| 4814 | 5463 | 4,124 2,005 | 2,005 | 4,601
zone2_003 | 3,414 | 1,269 | 4,814 0| 598 1,442 3,617 | 3,617 | 3,414
zone2_004 | 4,011 | 1,867 | 5463 | 598 0| 1,284 3,459 | 3,459 | 4,011
zone2_005 | 4,855 | 2,711 | 4,124 | 1,442 | 1,284 0 2,120 | 2,120 | 4,855
zone2_096 | 6,195 | 3,917 | 2,005 | 3,617 | 3,459 | 2,120 0 016,195
zone2_097 | 6,195 | 3,917 | 2,005 | 3,617 | 3,459 | 2,120 0 016,95
zone2_098 02851 | 4,601 (3414 | 4,011 | 4,855 6,195 | 6,195 0
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Table 4.15 Distance Matrix in Police Patrol Zone 3 (meters)

o — AN [92] < T) < Lo [{o]

o o o o o o o] [ee) [ee)

Checkpoint | S | | S ] S S| & O B

(92) ™ o o ™ (92) ™ o o

1D e e e e e e 2 e e

(@) o (@) (@) o o o o o

N N N N N N N N N
zone3_000 0 810 | 1,784 | 2,894 | 1,118 733 . . . 693 693 0
zone3_001 810 0] 1,233 | 3,704 | 1,928 | 1,543 . . . 142 142 810
zone3_002 | 1,784 | 1,233 0] 4,191 | 2,902 | 2,517 . . . 1,091 | 1,091 | 1,784
zone3_003 | 2,894 | 3,704 | 4,191 0] 1,964 | 2,856 . . . 3,687 | 3,587 | 2,894
zone3_004 | 1,118 | 1,928 | 2,902 | 1,964 0] 1,080 . . . 1,811 ] 1,811 | 1,118
zone3_005 733 | 1,543 | 2,517 | 2,856 | 1,080 0 . . . 1,426 | 1,426 733
zone3 084 693 142 | 1,091 | 3,587 | 1,811 | 1,426 . . . 0 0 693

zone3_085 693 142 | 1,091 | 3,587 | 1,811 | 1,426 . . . 0 0 693

zone3_086 0 810 | 1,784 | 2,894 | 1,118 733 . . . 693 693 0
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Travel Time Matrix shows travel time between all checkpoints across
digital map network. The routes between checkpoints are the shortest-time ones. This
Travel Time Matrix relates to Distance Matrix because it is the same route. Such
distance is based on Origin-Destination Cost Matrix analysis in police patrol zones 1,
2 and 3 as described in Section 4.3.2 (Network Analyst). Distance between

checkpoints can be used as a value in t; (the shortest drive time from checkpoint i to

checkpoint j across roads) in Constraint 3 of the mathematical model.

Travel Times between all checkpoints across digital map network are on
the basis of Origin-Destination Cost Matrix analysis as described in Section 4.3.2. The
results are displayed in separate police patrol zones, namely, police patrol zone 1
(10,404 routes), police patrol zone 2 (9,801 routes) and police patrol zone 3 (7,369
routes) as shown in Tables 4.16, 4.17 and 4.18, respectively. In this regard, the number
of routes varies according to the number of checkpoints in each police patrol zone.
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Table 4.16 Travel Time Matrix in Police Patrol Zone 1 (minutes)
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A o — AN [92) < L0 (2] o —

Checkpoint | 8 8 8 8 8 8 3 = S

\—|| \—|| \—|| \—|| \—|| \—|I Hl Hl Hl

1D 2 2 2 2 2 2 2 2 2

S S S S S S S S S
zonel_000 0| 485| 363 | 2.69| 3.98| 6.83 10.2 | 10.2 0
zonel 001 | 4.85 0| 327 | 2.85| 6.79 | 9.65 13| 13| 485
zonel 002 | 3.63 | 3.27 0| 1.64 | 558 | 8.44 11.8 | 11.8 | 3.63
zonel 003 | 2.69 | 2.85 | 1.64 0| 464| 75 10.9 | 10.9 | 2.69
zonel 004 | 3.98 | 6.79 | 5.58 | 4.64 0| 6.84 122 | 12.2 | 3.98
zonel 005 | 6.83 | 9.65| 844 | 75| 6.84 0 11| 111 6.83
zonel 099 | 102 | 13| 118] 109 122| 11 0 0] 10.2
zonel 100 | 102 | 13| 118] 109 122| 11 0 0] 10.2
zonel 101 0| 485| 3.63| 2.69| 3.98 7 10.2 | 10.2 0
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Table 4.17 Travel Time Matrix in Police Patrol Zone 2 (minutes)
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o — [aN] o < Lo [{e) N~ o]

o o o o o o (o) (2] (2]

Checkpoint | < | S | < N N < < © °

ID < < < < < < < < <

s S s S S s S S S

N N N N N N N N N
zone2_000 0[585] 998 | 6.84| 849 | 10.7 13.47 | 13.47 0
zone2_001 5.85 0| 9.65 27 434 | 6.55 937 | 9.37 | 585
zone2_002 9.98 | 9.65 0 12.34 | 1351 | 10.82 5.16 | 5.16 | 9.98
zone2_003 6.84 | 2711234 O 165| 3.86 8.25| 8.25| 6.84
zone2_004 849143411351 | 1.65 0| 3.97 8.36 | 8.36 | 8.49
zone2_005 10.7 | 6.55 | 10.82 | 3.86 | 3.97 0 5.67 | 5.67 | 10.7
zone2_096 | 13471937 | 516 825| 836 | 5.67 0 0| 13.47
zone2_097 | 13471937 | 516 825| 836 | 5.67 0 0| 13.47
zone2_098 0[585] 998 | 6.84| 8.49 10.7 13.47 | 13.47 0
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Table 4.18 Travel Time Matrix in Police Patrol Zone 3 (minutes)
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(e») — AN (s2] <t Ln <t Ln [{e}

Checkpoint | S 8 S S 8 8 3 3 3

00' O")I O")I (Y)I O")I (Y)l (‘OI 00' 00'

ID 2 e e 2 e 2 e e e

o o o o o (@] o o o

N N N N N N N N N
zone3_000 0| 187| 375| 7.21| 262 | 2.18 1.58 | 1.58 0
zone3 001 | 1.87 0| 251 | 9.08| 4.49 | 4.05 0.35| 0.35 | 1.87
zone3 002 | 3.75 | 251 0|10.21| 6.36 | 5.93 217 | 2.17 | 3.75
zone3 003 | 7.21 | 9.08 | 10.21 0| 5.86 | 7.83 879 | 879 | 7.21
zone3 004 | 2.62 | 449 | 6.36| 5.86 0| 3.24 42| 42| 262
zone3 005 | 2.18 | 4.05 | 593 | 7.83| 3.24 0 3.76 | 3.76 | 2.18
zone3 084 | 158 | 035 | 2.17 | 879 | 42| 3.76 0 0| 158
zone3 085 | 158 | 0.35 | 2.17 | 879 | 42| 3.76 0 0| 158
zone3_086 0| 187 | 375| 7.21| 262 | 2.18 1.58 | 1.58 0
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4.3.4 Service Time and Time Windows

The estimation of shortest-time route between all checkpoints in digital
map and travel time between all checkpoints in digital map as described in Section
4.2.3 is to identify the figures to be included in the mathematical models. In addition,
it is also required to estimate the service time at each checkpoint and each vehicle
checkpoint as well as time windows.

The service time, which can vary according to different practices and
procedures in respective checkpoints, is set as S, (service time at the checkpoint i) in
Constraints 3 and 4 of the mathematical model. Table 4.19 displays the service time
for red-box checkpoints, bank checkpoints and goldsmith checkpoints to be set in
mathematical models. Meanwhile, the service time at vehicle checkpoint is in line with

the Police Patrol Plan.

Table 4.19 Service Time in each Type of Checkpoint

Type of Checkpoints Service Time (Minutes)
Red-Box Checkpoints 3
Bank Checkpoints 5
Goldsmith Checkpoints 5

Police Patrol Plan has been specified by the commander as Time Windows
for vehicle checkpoint. It includes the beginning time (a) and the finishing time (b)
for the performance of duty at the vehicle checkpoint. In addition, the service times for
vehicle checkpoints and dummy vehicle checkpoints are also identified.

The beginning and finishing time for the performance of duty requires
patrol officers to arrive at and depart from the vehicle checkpoint before or after a
specific time. To estimate beginning and finishing times at the vehicle checkpoint, the
beginning time of each police patrol shift as well as the beginning and finishing time
in establishing the vehicle checkpoint are taken into account. The beginning and
finishing time are set as a and b in Constraints 8 and 9 of mathematical models,

respectively.
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Service Time of the vehicle checkpoint refers to the time when the
performance of duty begins and finishes. For the dummy vehicle checkpoint, its
service time is O because no patrol officers actually depart from here to other
checkpoints. The service times for vehicle checkpoint and dummy vehicle checkpoint

are setas S; in Constraints 3 and Constraint 4 of mathematical models, respectively.

For the case study, three Police Patrol Plans for patrol officers’ daily
performance of duty in Table 4.20 are used. They were designated by the commander
according to the following shifts:

1) Shift 1 of Police Patrol Plan

Shift 1 of Police Patrol Plan is between 12:01 am. - 8:00 a.m., The
performance of duty during this shift is according to Table 4.4. Meanwhile, time
windows and service time at each checkpoint are shown in Table 4.20.

Table 4.20 Time Windows and Service Time of the Vehicle Checkpoint (Shift 1)

Time Service
Patrol | Checkpoint :
_ Locations Windows | rime S,
Officers ID
a b .
(minutes)
091 Entrance of Soi Hansa 345 30
092 Entrance of Soi Hansa (Dummy) 375
Zone 1
093 Entrance of Soi Phet Kasem 79 420 30
094 Entrance of Soi Phet Kasem 79 (Dummy) 450
088 Opposite Carrefour Supermarket 330 60
089 Opposite Carrefour Supermarket (Dummy) 390
Zone 2
090 Nan Yang Co., Ltd. 420 30
091 Nan Yang Co., Ltd. (Dummy) 450
081 Bus Terminal 360 60
Zone 3
082 Bus Terminal (Dummy) 420
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For the vehicle checkpoint at the entrance of Soi Hansa in police patrol
zone 1, the performance of duty lasts for 30 minutes between 5:45 a.m. - 6:15 a.m. or
345" minute and 375™ minute from the beginning of shift 1, respectively. The dummy
is designated at O minute.

For the vehicle checkpoint at the vehicle checkpoint at the entrance of Soi
Phet Kasem 79 in police patrol zone 1, the performance of duty lasts for 30 minutes
between 7:00 a.m. - 07:30 a.m. or 420™ minute and 450™ minute from the beginning of
shift 1, respectively. The dummy is designated at 0 minute.

For the vehicle checkpoint opposite to Carrefour Supermarket in police
patrol zone 2, the performance of duty lasts for 30 minutes between 5:30 a.m. - 6:30
a.m. or 330" minute and 390™ minute from the beginning of shift 1, respectively. The
dummy is designated at O minute.

For the vehicle checkpoint at Nanyang Co., Ltd. in police patrol zone 2, the
performance of duty lasts for 30 minutes between 7:00 a.m. - 7:30 a.m. or 420™ minute
and 450™ minute from the beginning of shift 1, respectively. The dummy is designated
at 0 minute.

For the vehicle checkpoint at Bus Terminal in police patrol zone 3, the
performance of duty lasts for 30 minutes between 7:00 a.m. - 7:30 a.m. or 420™ minute
and 450™ minute from the beginning of shift 1, respectively. The dummy is designated

at 0 minute.
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2) Shift 2 of Police Patrol Plan

Shift 2 of Police Patrol Plan is between 8:01 a.m. — 4:00 p.m., The
performance of duty during this shift is according to Table 4.5. Meanwhile, time
windows and service time at each checkpoint are shown in Table 4.21.

Table 4.21 Time Windows and Service Time of the Vehicle Checkpoint (Shift 2)

Time Service
Patrol | Checkpoint ;
_ Locations Windows | Tjme s
Officers ID
a b .
(minutes)
095 Wood Mill 180 30
096 Wood Mill (Dummy) 210
Zone 1
097 Udom Temple 375 45
098 Udom Temple (Dummy) 420
092 Soi Nak Sathaphorn 2 180 60
093 Soi Nak Sathaphorn 2 (Dummy) 240
Zone 2 088 Opposite Carrefour Supermarket 360 60
089 Opposite Carrefour Supermarket 420
(Dummy)
077 Lak Sam Temple 420 30
Zone 3
078 Lak Sam Temple (Dummy) 450
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For the vehicle checkpoint at the Wood Mill in police patrol zone 1, the
performance of duty lasts for 30 minutes between 11:00 a.m. - 11:30 a.m. or 180"
minute and 210™ minute from the beginning of shift 2, respectively. The dummy is
designated at 0 minute.

For the vehicle checkpoint at Udom Temple in police patrol zone 1, the
performance of duty lasts for 45 minutes between 2:15 p.m. — 3:00 p.m. or 375"
minute and 420™ minute from the beginning of shift 2, respectively. The dummy is
designated at 0 minute.

For the vehicle checkpoint at Soi Nak Sathaphorn 2 in police patrol zone 2,
the performance of duty lasts for 60 minutes between 11:00 a.m. — 12:00 p.m. or 180"
minute and 240™ minute from the beginning of shift 2, respectively. The dummy is
designated at 0 minute.

For the vehicle checkpoint opposite to Carrefour Supermarket in police
patrol zone 2, the performance of duty lasts for 60 minutes between 2:00 p.m. — 3:00
p.m. or 360" minute and 420™ minute from the beginning of shift 2, respectively. The
dummy is designated at O minute.

For the vehicle checkpoint at Lak Sam Temple in Police Patrol Zone 3, the
performance of duty lasts for 60 minutes between 3:00 p.m. - 3:30 p.m. or 420" minute
and 450™ minute from the beginning of shift 2, respectively. The dummy is designated

at 0 minute.
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3) Shift 3 of Police Patrol Plan
Shift 3 of Police Patrol Plan is between 4:01 p.m. - 12:00 a.m., The
performance of duty during this shift is according to Table 4.6. Meanwhile, time

windows and service time at each checkpoint are shown in Table 4.22.
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Table 4.22 Time Windows and Service Time of the Vehicle Checkpoint (Shift 3)

Time

Service
Patrol | Checkpoi ;
_ Locations Windows | Tjme s
Officers nt ID
a b .
(minutes)
091 Entrance of Soi Hansa 120 30
092 Entrance of Soi Hansa (Dummy) 150
Zone 1 099 Entrance of Soi Phet Kasem 77/6 240 30
100 Entrance of Soi Phet Kasem 77/6 270
(Dummy)
094 PTT Gas Station 240 30
095 PTT Gas Station (Dummy) 270
096 Entrance of Soi Phet Kasem 73 300 30
Zone 2
097 Entrance of Soi Phet Kasem 73 (Dummy) 330
096 Entrance of Soi Phet Kasem 73 360 60
097 Entrance of Soi Phet Kasem 73 (Dummy) 420
079 Weekend Market near Police Station 90 30
080 Weekend Market near Police Station (Dummy) 150
081 Bus Terminal 360 30
Zone 3 082 Bus Terminal (Dummy) 390
083 7-Eleven (Nongkhaem Temple Branch) 450 30
084 7-Eleven (Nongkhaem Temple Branch) 480
(Dummy)




Pol. Capt. Chanon Kamnuansak Results and Discussion / 114

For the vehicle checkpoint at the entrance of Hansa Village in police patrol
zone 1, the performance of duty lasts for 30 minutes between 6:00 p.m. — 6:30 p.m. or
120™ minute and 150" minute from the beginning of shift 3, respectively. The dummy
is designated at O minute.

For the vehicle checkpoint at the entrance of Soi Phet Kasem 77/6 in police
patrol zone 1, the performance of duty lasts for 30 minutes between 8:00 p.m. - 8:30
p.m. or the 240" minute and the 270"™ minute from the beginning of shift 3,
respectively. The dummy is designated at O minute.

For the vehicle checkpoint at PTT Gas Station in police patrol zone 2, the
performance of duty lasts for 30 minutes between 8:00 p.m. - 8:30 p.m. or the 240"
minute and the 270" minute from the beginning of shift 3, respectively. The dummy is
designated at 0 minute.

For the vehicle checkpoint at the entrance of Soi Phet Kasem 73 in police
patrol zone 2, the performance of duty lasts for 30 minutes between 9:00 p.m. - 9:30
p.m. or the 300" minute and the 330" minute from the beginning of shift 3,
respectively. The dummy is designated at O minute.

For vehicle checkpoint at the entrance of Soi Phet Kasem 73 in police
patrol zone 2, the performance of duty lasts for 30 minutes between 10:00 p.m. — 11:00
p.m. or the 360" minute and the 420" minute from the beginning of shift 3,
respectively. The dummy is designated at O minute.

For the vehicle checkpoint at Bus Terminal in police patrol zone 3, the
performance of duty lasts for 30 minutes between 10:00 p.m. - 10:30 p.m. or the 360"
minute and the 390" minute from the beginning of shift 3, respectively. The dummy is
designated at 0 minute.

For the vehicle checkpoint at 7-Eleven (Nongkhaem Temple Branch) in
police patrol zone 3, the performance of duty lasts for 30 minutes between 11:30 p.m.
— 12:00 a.m. or the 450" minute and the 480" minute from the beginning of shift 3,

respectively. The dummy is designated at O minute.
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4.4 Developing Mathematical Models

The mathematical modeling developed for solving time-constraint

police patrol plan arrangement is similar to Traveling Salesman Problem with Time

Windows (TSPTW). The model is formulated as a Mixed Integer Linear Program

(MILP). Definitions of elements in the model are as follows:

sets
N

indices

]

is the group of checkpoints : for
Police patrol zone 1 - 001, 002, 003,..., 100,
Police patrol zone 2 - 001, 002, 003,..., 097,
Police patrol zone 3 - 001, 002, 003,..., 084.

is the group of vehicle checkpoints: for
Police patrol zone 1 - 091, 093, 095, 097, 099,
Police patrol zone 2 - 088, 090, 092, 094, 096,
Police patrol zone 3 - 075, 077, 079, 081, 083.

is the group of corresponding dummy vehicle checkpoints: for
Police patrol zone 1 - 092, 094, 096, 098, 100,
Police patrol zone 2 - 089, 091, 093, 095, 097,
Police patrol zone 3 - 076, 078, 080, 082, 084.

refers to the checkpoint. The number of checkpoints in each police patrol

zone is equivalent to the number specified in the group of N .

refers to the vehicle checkpoints. The number of checkpoints in each
police patrol zone is equivalent to the number specified in the group of N .
refers to the dummy vehicle checkpoints. The number of checkpoints in
each police patrol zone is equivalent to the number specified in the group
of N.

refers to the origin (Nongkhaem Police Station) in police patrol zones 1, 2
and 3, which is ‘0.

refers to the destination (Nongkhaem Police Station) 101, 98 and 85 in police

patrol zones 1, 2 and 3, respectively.
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Parameters

C

ij

Xod

cost or distance in road network from checkpoint i to checkpoint j with the

shortest time. In the objective function, it is derived from the travel time
between all checkpoints in digital map routes. These are shortest-time
routes as described in Tables 4.13, 4.14 and 4.15 for police patrol zones 1,
2 and 3, respectively.

Constraint 4 determines the origin-destination traveling as O in order to
prohibit direct traveling from the origin to the destination. It is required to
visit checkpoints before the arrival at the destination.

Constraint 5 is designated as 1 to specify the traveling from one vehicle

checkpoint to one dummy vehicle checkpoint.

Constraint 6 is designated as 0 to specify the traveling from one dummy

vehicle checkpoint to one vehicle checkpoint.

the police patrol beginning time at the police station, Constraint 7 set T, to

be 0.

the police patrol finishing time at the police station, Constraint 10 set T, to be

less than or equal to 480.

(service time at the checkpoint i ) in Constraint 3 is based on the duration

of the performance of duty at different checkpoint as described in Tables
4.19,4.20,4.21 and 4.22.

(the shortest drive time from checkpoint i to checkpoint j across road

network) in Constraint 3 is based on the travel time between all
checkpoints in digital map routes. These are shortest-time routes as
described in Tables 4.16, 4.17 and 4.18 for police patrol zones 1, 2 and 3,
respectively.

patrol officers’ arrival time at vehicle checkpoints in Constraint 9 is based on
Tables 4.20, 4.21 and 4.22.

the arrival time of patrol officers at the dummy vehicle checkpoint in
Constraint 10 is based on Tables 4.20, 4.21 and 4.22.
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M

refers to the Big-M which may be set to be the highest value of time

constraint based on the sum of travel time, performance of duty time and

the longest travel time, which is 480 + 60 +27 = 567.

Decision Variables

X.

1

W'k

A mathematical model for the problem of police patrol with time windows is

= 1 refers to the case where the patrol officers choose to travel from

Checkpoint ito Checkpoint j
= 0 otherwise

refers to the arrival time at Checkpoint i
refers to the arrival time at Checkpoint |
refers to the waiting time at Checkpoint i

refers to the waiting time at Checkpoint k

formulated as follows:

Mathematical Formulation

Objective Function

Minimize

Z= Z Z Cii X

ieNUKUK'Ufo}  jeNUKUK'U{d }-{i}

Constraints

> X =1 VieNUKUK'Up} |, i#]
jeNUKUK'U{d }
kmmmm}”:1 VieNUKUKUd} , i#j
T, +W, +S,+t, < T,+M{1-X,) ;VieNUKUKU[p}
VieNUKUK'U{d} 5 i#j
X, =0
Xy =1 Vk eK, vk'eK'
X =0 ;Vk e K, Vk'eK'
T, =0
T, =a Vk e K
T.=b Vk'e K
T, <=480
W', =0 vk e K
X; €01} VieNUKUK'Up}

VieNUKUK'U{d} ; i#]
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In the above model, three decision variables must be solved, i.e., X; (the
chosen route from checkpoint i to checkpoint j), T, (the arrival time at the checkpoint i)
and W, (the waiting time prior to performing duties). However, this research has revealed

how to minimize the sum of total travel cost by identifying the shortest route to be
taken by patrol officers to all checkpoints without repetition. They know the sequence

of traveling to checkpoints X, , when to arrive at one given checkpoint (T, ) and

ij 7
waiting time at that particular checkpoint W, . This is a ‘byproduct’ achieved from
solving this problem. Study results thus can specify routes and time in duty for police
patrol. It can be said that research objectives are met in light that police patrol practices
are imitated; then, police patrol routes are designated instead of the arbitrarily selected

by individual patrol officers.

4.5 Study

After the identification of all variables in the mathematical model,
Dreamweaver is used in expressing the formulation for a solver. Here LINDO
software is used for solving the mathematical models.

This is the study to verify the applicability of mathematical modeling.
Only the checkpoints where patrol officers’ visits are required: checkpoints. As a
result, check points No. 1 - 12 in each police patrol zone and the vehicle checkpoints
(the arrival time has been designated) are chosen accordingly. For the latter, it is to
examine Time Windows in Constraints 3 - 11. Initially, Police Patrol Plan (shift 2) —
8:01 a.m. - 4:00 p.m. (in Table 4.5) has been used in this study. The illustration is also

presented separately into three police patrol zones as follows:
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4.5.1 Police Patrol Zone 1

There are totally 18 checkpoints in police patrol zone 1, namely,

Nongkhaem Police Station (as the origin and destination), 12 red-box checkpoints and

4 vehicle checkpoints as listed in Table 4.23.

Table 4.23 List of Checkpoints for Study (Police Patrol Zone 1)

No. | Type of Checkpoints | Checkpoints ID Location
1 Origin zonel 000 Nongkhaem Police Station
2 Red-Box Checkpoint | zonel 001 Uea Athon Village
3 Red-Box Checkpoint | zonel 002 Sa Ran Phon Village
4 Red-Box Checkpoint | zonel 003 Soi Ap Thip
5 Red-Box Checkpoint | zonel 004 Soi Chatsan 2
6 Red-Box Checkpoint | zonel 005 Soi Kamnan Chaloem
7 Red-Box Checkpoint | zonel 006 Phuttan Village Office
8 Red-Box Checkpoint | zonel 007 Sa Nek Factory
9 Red-Box Checkpoint | zonel_008 Soi Phong Siri Chai IV Soi 8
10 | Red-Box Checkpoint | zonel 009 Krung Thong Plastic
11 | Red-Box Checkpoint | zonel 010 Sin Phet Condominium
12 | Red-Box Checkpoint | zonel 011 Government Housing Bank
13 | Red-Box Checkpoint | zonel 012 Yong Charoen Godown
14 | Vehicle Checkpoint zonel 095 Wood Mill
15 | Vehicle Checkpoint zonel_096 Wood Mill (dummy)
16 | Vehicle Checkpoint zonel 097 Udom Temple
17 | Vehicle Checkpoint zonel 098 Udom Temple (dummy)
18 | Destination zonel 101 Nongkhaem Police Station
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Dreamweaver have been used for developing PHP-language-based User
Interface for displaying the formulation. This particular User Interface allows the
researcher to select the checkpoints, Service Time and Time Windows for route arrangement
purpose as shown in Figure 4.33 Police Patrol Zone is on the top of page; while the left-
hand column is for the selection of desired checkpoints. The formulation based on the

input from the left side will be displayed in the right-hand column.

[Zone1_55 | Service Time 3
POLICE PATROL ZONE 1 [Zone1 56 | Service Time 3
[Zone1_57| | Service Time 3
[Zone1_58| | Service Time 3

ICHECK POINTS MATHEMATICAL MODEL [Zone1 59 Service Time 3
[Zone1 60 Service Time 3
[Zone1_0 | Service Time o [Point Selected :

[Zone1_61 | Service Time 3
IMIN [Zonel_62 | Service Time 3
[Zone1 63  Service Time 3
[Zonel_64  Service Time 3
[Zone1_65 | Service Time 3
[Zone1_66 | Service Time 3
[Zonel 67  Service Time 3
[Zonel 7  Service Time 3 [Zone1l_68  Service Time 3
[Zonel 8  Service Time 3 [Zone1_69  Service Time 3

[Zone1_9  Service Time 3 X0_101 = 0 [Zone1_70  Service Time 3
[Zone1_10 ' Service Time 3 [To=0 |Zone1_71  Service Time 3

ice Ti [T101 = 480
[Zone1_t1 ) Sevice Times 710 [Zone1 72| Service Time 3

[Zone1_12. | Service Time 3 [y 5 [Zone1_73  Senvice Time 3
[Zonet_13 | Service Time 3 [Zone1_74  Senvice Time 3
[Zone1l_14  Service Time 3 Zone1_75 ~ Service Time 3

il m Szt el [Zone1_76 ' Service Time 3
[Zone1_161 ' Service Time 3 [Zone1_77 | Service Time 3

[Zone1_17/ | Service Time 3 [Zone1_78/ | Service Time 3
[Zone1_18  Service Time 3 |Zone1l_79  Service Time 3
[Zonel_19  Service Time 3 |Zone1_80  Service Time 3
[Zone1_20 | Service Time 3 [Zonel_81 | Service Time 5
[Zone1_21( | Service Time 3 [Zone1_82 | Service Time &
[Zone1 22 Service Time 3 [Zone1l_83  Service Time &
[Zonel 23  Service Time 3
[Zone1_24/ | Service Time 3
[Zone1_25 | Service Time 3
[Zone1 26 | Service Time 3
[Zonel_27  Service Time 3
[Zone1_28| | Service Time 3
[Zone1_29 | Service Time 3
[Zone1 30 | Service Time 3
[Zonel 31  Service Time 3

[Zonel_1 | Service Time 3
|Zone1_2 | Service Time 3
[Zone1_3 | Service Time 3 |Subject to
[Zonel_4  Service Time 3
[Zone1_5|  Service Time 3
|Zone1_6 ' Service Time 3

|Zonel_84  Service Time &
[Zone1_85 | Service Time 5
[Zone1_86 | Service Time 5
[Zone1 87 | Service Time 5
[Zonel_88  Service Time &
[Zone1_89! | Service Time &
[Zone1_90 | Service Time 5
[Zone1 91 | Service Time

Time Window
[Zone1_32 | Service Time 3 |Zone1_92' | Service Time
[Zone1_33 | Service Time 3 [Time Window
[Zone1_34 | Service Time 3 |Zone1_93  Service Time
[Zonel_35  Service Time 3 Time Window
[Zone1_36 | Service Time 3 |Zone1_94 | Service Time
[Zone1_37/ | Service Time 3 [Time Window
[Zone1_38 | Service Time 3 |Zone1_95  Service Time
[Zone1_39  Service Time 3 Time Window
[Zone1_40! | Service Time 3 |Zone1_96 | Service Time
[Zone1_41( | Service Time 3 [Time Window
[Zonel 42 | Service Time 3 |Zone1_97  Service Time
[Zone1l_43 ' Service Time 3 Time Window
[Zone1_44/ | Service Time 3 |Zone1_98 | Service Time
[Zone1_45 | Service Time 3 Time Window
[Zonel 46 | Service Time 3 |Zone1_99  Service Time
[Zonel_47 | Service Time 3 Time Window

|Zonel_48 | Service Time 3 |Zone1_100 | Service Time
[Zone1_49 | Service Time 3 Time Window

[Zone1_50  Service Time 3 [Zone1_101/ | Service Time
[Zone1_51  Service Time 3 0
|Zone1_52 | Service Time 3
Submit
[Zone1_53  Service Time 3 I ul
[Zonet 54. ' Senvice Time 3

Figure 4.33 User Interface Developed with Dreamweaver for the

Selection of Checkpoints.
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The checkpoints, Service Time and Time Windows as shown in Figure
4.34 have been chosen for Police Patrol Zone 1. One should then select 18 desired
checkpoints and fill in the Service Time (as described in Table 4.19 ) and Time Windows
(‘as described in Table 4.21 ). After that, one presses ‘Submit’ button to generate the

formulation.

POLICE PATROL ZONE 1

CHECK POINTS

Service Time 0
Service Time 3
Service Time 3
Service Time 3
Service Time 3
Service Time 3
Service Time 3
Service Time 3
Service Time 3
Service Time 3

Zonel_95 v Service Time 30

Time Window 150

Zonel_06 /| Service Time 0

Time Window 210

Zonel_O7 v Service Time 45

Time Window 375

Zonel_O8 /| Service Time 0

Time Window 420

Zonel_99 | Service Time

Time Window

Zonel 100 @ Service Time
Time Window

Zonel_ 101 v Service Time
0

X0_101 =10
Zonel_ 10 7/ Service Time 3 TO=0
Zonel_ 11 /! Service Time 3 T131 = 480
Zonel_12 ! Service Time 3 ﬁ]nt 3

MATHEMATICAL MODEL

Point Selected :

MIN
Subject to

Figure 4.34 Selecting the Checkpoints and Filling in User Interface with

Service Time and Time Windows
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The results based on those selected checkpoints and inserted Service Time
and Time Windows in the right-hand side is the formulation that consists of Objective
Function and Constraints (Figure 4.35). The file is in Text format to enable LINDO to it
in the Editor for problem solving purpose.
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Figure 4.35 Formulations in User Interface for Police Patrol Zone 1
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4.5.2 Police Patrol Zone 2

There are totally 18 checkpoints in police patrol zone 2, namely,

Nongkhaem Police Station (as the origin and destination), 12 red-box checkpoints and

4 vehicle checkpoints as described in Table 4.24.

Table 4.24 List of Checkpoints for Study (Police Patrol Zone 2)

Order | Type of Checkpoints checkpoints 1D Location
1 Origin zone2_000 Nongkhaem Police Station
2 Red-Box Checkpoint zone2_001 Sia Nam’s House
3 Red-Box Checkpoint zone2_002 Phet Kasem1 Village
4 Red-Box Checkpoint zone2_003 Khunmae Shop
5 Red-Box Checkpoint zone2_004 Wo Rat Co. ,Ltd.
6 | Red-Box Checkpoint zone2_005 Soi Chotchuang
7 Red-Box Checkpoint zone2_006 Wautthi’s House
8 Red-Box Checkpoint zone2_007 69 Aluminium Co. ,Ltd.
9 Red-Box Checkpoint zone2_008 37/54 Soi Phet Kasem 71
10 | Red-Box Checkpoint zone2_009 Toyota Co. ,Ltd.
11 | Red-Box Checkpoint zone2_ 010 Nakhon Phet Kasem Market
12 | Red-Box Checkpoint zone2_011 Opposite Phai Thun’s House
13 | Red-Box Checkpoint zone2_012 Soi Prem Pri 1
14 | Vehicle Checkpoint zone2_ 088 Opposite Carrefour
15 | Vehicle Checkpoint zone2_089 Opposite Carrefour (dummy)
16 | Vehicle Checkpoint zone2_092 Soi Na Khot Than Phon 2
17 | Vehicle Checkpoint zone2 093 Soi Na Khot Than Phon 2(dummy)
18 | Destination zone2_098 Nongkhaem Police Station
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The processes for Police Patrol Zone 2 are similar to Police Patrol Zone 1.
That is to say that the results in User Interface as shown in Figure 4.36 contain all 18
checkpoints along with Service Time according to the type of the checkpoint (as
described in Table 4.19) and Time Windows (as described in Table 4.21) that have been
filled in.
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Figure 4.36 Formulations in User Interface for Police Patrol Zone 2
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4.5.3 Police Patrol Zone 3

There are totally 16 checkpoints in police patrol zone 3, namely,

Nongkhaem Police Station (as the origin and destination), 12 red-box checkpoints and

two vehicle checkpoints as described in Table 4.25.

Table 4.25 List of Checkpoints for Study (Police Patrol Zone 3)

Order | Type of Checkpoints | checkpoints ID Location
1 Origin zone3 000 Nongkhaem Police Station
2 Red-Box Checkpoint zone3 001 | Wat Nongkhaem School
3 Red-Box Checkpoint zone3_002 | Phet Kasem College
4 Red-Box Checkpoint zone3 003 Soi Phra Pin 4 13/2
5 Red-Box Checkpoint zone3 004 | Soi Phun Suk
6 Red-Box Checkpoint zone3_005 Kanda Village
7 Red-Box Checkpoint zone3_006 | 45/6 Fang Tai Road
8 Red-Box Checkpoint zone3 007 | Thawi Suk Farm
9 Red-Box Checkpoint zone3_008 | Pan Factory
10 | Red-Box Checkpoint zone3_009 Na Ko Ya Factory
11 | Red-Box Checkpoint zone3d 010 Modern Factory
12 | Red-Box Checkpoint zone3d 011 Phet Minimart
13 | Red-Box Checkpoint zone3_012 | Soi Chaiyo
14 | Vehicle Checkpoint zone3d 077 Lak Sam Temple
15 | Vehicle Checkpoint zone3_078 Lak Sam Temple (dummy)
16 | Destination zone3 085 Nongkhaem Police Station




Pol. Capt. Chanon Kamnuansak Results and Discussion / 126

The processes for Police Patrol Zone 3 are similar to Police Patrol Zone 1.
That is to say that the results in User Interface as shown in Figure 4.37 contain all 16
checkpoints along with Service Time according to the type of the checkpoint (as
described in Table 4.19) and Time Windows (as described in Table 4.21) that have been
filled in.

POLICE PATROL ZONE 3

Figure 4.37 Formulations in User Interface for Police Patrol Zone 3
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4.6 Solution Method

The mathematical formulations for routing and scheduling police patrol
service now are saved in three separate text files ready for the optimization solver.
LINDO Software Version 6.1 is used in this research for finding the solution. This
software is capable to accommodate 200,000 variables and the maximum number of
64,000 constraints.

Since LINDO editor has the limit on the size of the opening file, if a file is
so large, it has to be opened as view-only mode. Similarly, if the output file is large, it
should be saved onto the hard disk rather than reported to the window editor
concurrently. The procedure is shown in Figure 4.38, as LINDO set the Log Output
(F10). This step is crucial for a large output file since it consumes a lot of memory. In
such case, LINDO may experience a long delay to find the solution because of little
memory left. In the worst case, the program can be unresponding due to too many

constraints and variables.

LINDO
File | Edit Solve Reports Window Help
New F2
Open... F3
View... F4
Save F5
Save As... F&
Close F7
Print F8
Printer Setup... F9
'V Log Output.. F10
Take Commands... F11
Basis Read... F12
Basis Save... Shift+F2
Title Shift+F3
Date Shift+F4
Elapsed Time Shift+F5
License
L Exit Shift+F6

Figure 4.38 Using Log Output Menu (F10) to Save Solutions as a Text File
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In Figure 4.39, the mathematical formulation is being opened into LINDO
editor as a view-only file. Hence, the mathematical formulation can be rechecked but
no change can be made. Figure 4.40 displays the details of the mathematical
expression for police patrol zone 1. For zones 2 and 3, the resulting formulations are
shown in Figures 4.41 and 4.42, respectively.

-
LINDO
Edit Solve Reports Window Help
New F2
| Open.. F3
View... F4
Save F5
Save As... F6
Close F7
Print F8
Printer Setup... F9
'V Log Output.. F10
Take Commands... F11
Basis Read... F12
Basis Save... Shift+F2
Title Shift+F3
Date Shift+F4
Elapsed Time Shift+F5
License
L Exit Shift+F6

Figure 4.39 Importing Text File by Open (F3) Menu into LINDO Software
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Figure 4.40 Mathematic Formulae of Police Patrol Zone 1 in LINDO Software
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Figure 4.41 Mathematic Formulae of Police Patrol Zone 2 in LINDO Software
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I517X9_1+ LU94X9 2+ S976K9 3+ 4208089 4+ J81689_5+ 221189_6+ 96859_
4969X18_1+ 5943X18_2+ FH28X18_3+ 5652X18_4+ 5267X18_5+ 3662X10_6+ 251251
5558X11_1+ 6533X11_2+ 8018X11_3+ 62u2X11_4+ 5857X11_5+ U252X11_6+ 308231
FOL7R12_1+ 8031X12_2+ 9516K12_3+ T740K12_4+ 7355X12_5+ L7LOX12_6+ 4580851
27983813 _1+ 3682813 2+ 5167813 3+ 3918134+ 38687813_5+ 1482813_6+ 151513
2708X14_1+ 3682X14_2+ S167X14_3+ 339114 4+ 3007X14_5+ 1482514 6+ 151814
Subject to
Point@) X0_1 + X0 2 + X0 3 + X0 4 + X0 5 + X0 6 + X0 7 + £0. 8 + X0 9 + X0 10 + X0_11 + X0_12 + X0 13 + X0_1
Point1) B2 + 313 + X1_4 + ¥1.5 + 316 + X1_7 + ¥1_8 + $1.9 + X110 + $1_11 + 112 + ¥1_12 + $1_1% + ¥1_
Point2) X2 1+ %2 3 + X2 4 + X2 5 + X2 6 + X2 7 + K2 8 + K2 9 + X2 10 + X2 11 + K2 12 + K2 13 + X2 14 + X2
Point3) X3_1 + %3_2 + X3_4 + X35 + %36 + X3_7 + X3_8 + K3 9 + X3_10 + X3_11 + K3_12 + X3 13 + ¥3_14 + X3
Pointa) X 1+ X4 2 + X3 3+ X85+ X4 6+ X4 7+ X4 B+ X4 9+ X4 10+ X4 11 + X4 12 + X4 13 + X4 14 + X4
Point5) ¥ 1 + X5 2 + X5 3 + K5 4 + XE 6 + NG 7 + K5 8 + KE O + KG 10 + K5 11 + ¥E 12 + XG_ 12 + X5 14 + XG
Pointé) X6 1 + X6 2 + X6 3 + X6 4 + X6 5 + X6 7 + K6 8 + K6 9 + X6 10 + X6 11 + K6 12 + K6 13 + X6 14 + Xé
Point?) K7_1 + 872 + X7_3 + X7_4 + K75 + X7_6 + X7_8 + K7_9 + X7_10 + XP_11 + K7_12 + &7_13 + X7_14 + X7
Point8) X8_1 + X8 2 + X8_3 + X8 4 + X8 5 + X8 6 + X8 7 + X8 9 + X8 10 + X8_11 + X8 12 + X8 13 + X8 14 + X8
Point?) HO 1 + %02 + X0 2 + K0 4 + X0 5 + X0 & + KO 7 + KO 8 + KO 10 + K0 11 + K0 12 + XO0_12 + X0 14 + XO_
Point18) X101 + X182 + %18 3 + X168 4 + X165 + 10 6 + X180 7 + X108 + X180 9 + X10 11 + X106 12 + ¥10 13 + «

< |

|- — —

Figure 4.42 Mathematic Formulae of Police Patrol Zone 3 in LINDO Software

Text Files of each Police Patrol Zone have been opened into LINDO editor
for finding the optimal solution. The results are explained zone-by-zone in the

following section.
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4.7 Results and Discussion

The solutions obtained from LINDO software can vary depending on the
number of checkpoints to be visited by patrol officers and the difference of distance
and travel time in each police patrol zone. The solutions for individual police patrol

zones are as follows:

4.7.1 Results for Police Patrol Zone 1
The solution for Police Patrol Zone 1 is in the optimal status as shown in

Figure 4.43. It took LINDO 1 minutes 33 seconds to find an optimal solution.

LIMDO Solver Status |i

Ophimizer Status

Statuz: Optimal
Iterations: g300a89
Infeasibility: I}
Dbjective: 23672
Best IF: 23672

IF Bound: 19728 .6
Branches: 10852
Elapzed Time: oo:01:33

Update Interal: |1

| Cloze |

b A

Figure 4.43 LINDO Solver Status for Police Patrol Zone 1

After solving mathematic formulae in Police Patrol Zone 1, LINDO saved

the 15,276 KB outputs file. The details of this solution are reported below.
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OBJECTIVE FUNCTION VALUE = 23,672

X, , =1 T,=0
X, =1 T, = 3.63
X, g5 =1 T, =99 W, =164.94
Xgs o5 =1 T,s =180
Xgg 3 =1 Ty =210
X, =1 T, =210.96
X, , =1 T, =219.7
X, o =1 T, = 228.63
Xg_lo _ T, =237.45 W, =116.05
X, =1 T,, =361.01
X, ., =1 T,, =365.14
X12 o7 _1 le = 37163
X, o =1 T,, =375
Xy o =1 T,s = 420
X 5 1 T, =425.72 W, = 21.45
. _1 T, =441.75

5 4 —

- T, =473.03
X4_101 =1 N

T, = 480

The solution of police patrol in police patrol zone 1 (shift 2) can be
summarized in Table 4.26 with 5 columns: Checkpoint Code, Location, Arrival Time,
Waiting Time and Service Time. It also provides details on the arrival time to the
checkpoints, waiting time and duration of the performance of duty. It is arranged in the
sequence from the beginning at Nongkhaem Police Station (origin) until returning to

Nongkhaem Police Station (destination).
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Table 4.26 Results in Police Patrol Zone 1 (Shift 2)
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Checkpoint Aurrival Waiting Service
Code Checkpaints Time Time Time

ZONE1_000 | NongKhaem Police Station 0

ZONE1 002 | Sa Ran Phon Village 3.63 3
ZONE1 001 | Uea Athon Village 9.9 164.94 3
ZONE1_095 | Wood Mill 180 30
ZONE1 096 | Wood Mill(dummy) 210

ZONE1_003 | Soi Ap Thip 210.96 3
ZONE1 006 | Phuttan Village Office 219.7 3
ZONE21_008 | Soi Phong Siri Chai 4 Soi 8 228.63 3
ZONE1_009 | Krung Thong Plastic 237.45 116.05 3
ZONE1 010 | Sin Phet Condominium 361.01 3
ZONE1_011 | Government Housing Bank 365.14 3
ZONE1 012 | Yong Charoen Godown 371.63 3
ZONE1 097 | Udom Temple 375 45
ZONE1 098 | Udom Temple (dummy) 420

ZONE1 007 | Sa Nek Factory 425.72 3
ZONE1 005 | Soi Kamnan Chaloem 441.75 21.45 3
ZONE1_004 | Soi Chatsan 2 473.03 3
ZONE1_101 | Nongkhaem Police Station 480

In brief, for the solution of the police patrol in police patrol zone 1 (shift

2), the overall distance is 23,672 meters beginning from Nongkhaem Police Station 0

minutes after left from the station.

Arriving at the checkpoint at Sa Ran Phon village 3.63 minutes after left

from the station and performing duties for 3 minutes.

Arriving at the checkpoint at Uea Athon Village 9.9 minutes after left from

the station and waiting for 164.94 minutes prior to performing duties. The

performance of duty takes 3 minutes.
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Arriving at the vehicle checkpoint at the Wood Mill 180 minutes after left
from the station and performing duties for 30 minutes and departing from the dummy
vehicle checkpoint at the wood mill 210 minutes after left from the station.

Arriving at the Checkpoint at Soi Ap Thip 210.96 minutes after left from
the station and performing duties for 3 minutes.

Arriving at the Checkpoint at Phuttan Village Office 219.7 minutes after
left from the station and performing duties for 3 minutes.

Arriving at the Checkpoint at Soi Phong Siri Chai 4 Soi8 228.6 minutes
after left from the station and performing duties for 3 minutes.

Aurriving at the Checkpoint at Krung Thong Plastic 237.45 minutes after left
from the station and waiting for 116.05 minutes prior to performing duties. The
performance of duty takes 3 minutes.

Arriving at the Checkpoint at Sin Phet Condominium 361.01 minutes after
left from the station and performing duties for 3 minutes.

Arriving at the Checkpoint at Government Housing Bank 365.14 minutes
after left from the station and performing duties for 3 minutes.

Arriving at the Checkpoint at Yong Charoen Godown 371.63 minutes after
left from the station and performing duties for 3 minutes.

Arriving at the vehicle checkpoint at Udom Temple 375 minutes after left
from the station and performing duties for 45 minutes and departing from the vehicle
checkpoint at Udom Temple (dummy) 420 minutes after left from the station.

Arriving at the checkpoint at Sa Nek Factory 425.72 minutes after left from
the station and performing duties for 3 minutes.

Arriving at the Checkpoint at Soi Kamnan Chaloem 441.75 minutes after
left from the station and waiting for 21.45 minutes prior to performing duties. The
performance of duty takes 3 minutes.

Arriving at the Checkpoint at Soi Chatsan2 473.03 minutes after left from
the station and performing duties for 3 minutes.

Arrive at Nongkhaem Police Station (destination) 480 minutes after left

from the station.
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For better understanding of police patrol routing in police patrol zone 1
(shift 2), the route function of Network Analyst in ArcMAP software is applied to
illustrate the sequence of routes (Figure 4.44). The route clearly shows that the
mathematical model gives a reasonable tour passing all checkpoints. Since this is the
best (optimal) route, it may be a good benchmark to compare with current practice by

patrol officers Therefore, it is expected that the results of analysis would be beneficial
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for routing and scheduling police patrol service in practice.

@zonel - ArcMap - Am -‘E
File Edit View Bookmarks Insert Selection Tools Window Help
DS 2@ |0 [$ (48O FR|QAQGLOGEIE kO
Network Analyst v |E | -k I, # 2| Network Dataset: nong_khaem_road_N| v | H® i | DNRGarmin Menu » Open DNRGarmin ‘
- x|| = x X :'
= £ Layers ]Route L]
= ““-‘ =] stops (18)| (4]
= Stops ©zonel origin
@ Located @zonel 002
?  Unlocated ©:zonel 001
@ cror ©zonel 095
B Time Violati ©zonel 096
=M Barriers ©zonel_003
Q Error ©zonel 006
€3 Located ©zonel 008
20 Unlocated ©zonel 009 3
Routes @zonel 010
- Routes @zonel 011 3 L |
O nong_khaem_road. @zonel 012 3
O checkpoints zonel Bzonel 097 = =
nong khaem road Dzonel 098 -
= O nong_khaem_road. Bzonel 007
Dzonel 005
— Edges —
@zonel 004 —
@zonel_destinatiot -
= Routes (1) E S
<[ 1l J » < (it » J
Display [ Source | Selection| | [Solve completed 3o & l 0
Drawing v K -/ 'fe.Z“D'A"I"’TI‘Q]CordiaNew ~|[[@~] B 7 u A~ &~ 4~ o~
Switches to data view 1644280396 1513556.726 Unknown Units

Figure 4.44 Routes Based on the Analysis of Patrol Officers in
Police Patrol Zone 1 (Shift 2)
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Further, the route function also provides details on directions, distance and

travel time (Figure 4.45). As it is printable, the commander can then use it along with

Table 4.26 in designating patrol officers.

?& Directions (Route)

[-]1 Route: zonel origin - zonel destination 23670.6m 1hr7 min &
1:  Start at zonel origin Map [ I
28 Go north on BANG BON 5 RD. toward LIAP KHLONG PHASI 187.7 m < 1min Map ‘
CHAROEN FANG TAI RD./SOI PHET KASEM 81 (MA CHAROEN) |
3:  Continue on SOI PHET KASEM 81 (MA CHAROEN) 319.1m < 1min Map H
4:  Turn left on LIAP KHLONG PHASI CHAROEN FANG NUEA RD. 795.9m 2 min Map 1=
5! Turn right to stay on LIAP KHLONG PHASI CHAROEN FANG NUEA 257.3m 1min Map
RD.
6:  Arrive at zonel_002, on the right Map
Vi Depart zonel_002
8:  Go back south on LIAP KHLONG PHASI CHAROEN FANG NUEA RD. 257.3m 1min Map
9:  Turn right at LIAP KHLONG PHASI CHAROEN FANG NUEA RD. to 108.4m < 1min Map
stay on LIAP KHLONG PHASI CHAROEN FANG NUEA RD.
10: Turn right on SOI CHAIYASIT 2 262.6 m 1min Map
11: Turn left to stay on SOI CHAIYASIT 2 244 m < 1min Map
12: Arrive at zonel_001, on the right Map
13: Depart zonel_001
14: Go back southeast on SOI CHAIYASIT 2 244 m < 1min Map
15: Turn right at SOI CHAIYASIT 2 to stay on SOI CHAIYASIT 2 262.6 m 1min Map
16: Turn right on LIAP KHLONG PHASI CHAROEN FANG NUEA RD. 73.1m <1min Map
17: Arrive at zonel_095, on the left Map
18: Depart zonel_095
19: Arrive at zonel_096 Map
20: Depart zonel_096
21: Go back east on LIAP KHLONG PHASI CHAROEN FANG NUEA RD. 312.2m < 1min Map
22: Turn right on SOI APTHIP 86.6 m < 1min Map
23: Arrive at zonel_003, on the right Map
24: Depart zonel_003
25: Go back north on SOI APTHIP 86.6 m < 1min Map
26: Turn right on LIAP KHLONG PHASI CHAROEN FANG NUEA RD. 665.2 m 1min Map
27: Turn left on SOI PHET KASEM 81 (MA CHAROEN) 907.1m 2min Map
28: Turn left to stay on SOI PHET KASEM 81 (MA CHAROEN) 560.8 m 2min Map
29: Arrive at zonel 006, on the right Map 4
Options... | Print Preview... | SaveAs... I Print | Close |

Figure 4.45 Detail of Routes Based on the Analysis by Patrol Officers in
Police Patrol Zone 1 (Shift 2)

The waiting time prior to performing duties based on route estimation

may benefit the commander in other way too. For example, the commander may

designate the patrol officers to gather information and news as well as to pursue

community relations. In this regard, the patrol officers may be allowed to manage their

own time or demanded to perform their duties in each checkpoints within the specified

time as their commander may see fit.

In doing so, it may facilitate the commander in formulating his desired

plan for crime prevention and suppression. Meanwhile, fuel saving is also realized

because the patrol officers do go in the wrong way. Rather, some results have been
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adjusted for more conformity to the actual situation. Consequently, it can be said that

the results from mathematical modeling is a decision support tool for the commander.

4.7.2 Results for Police Patrol Zone 2
The solution for Police Patrol Zone 2 is in the optimal status as described in

Figure 4.46. It took LINDO only 5 seconds in finding this optimal solution.

UNDO Solver Status | £

Optimizer Status

Status: Optimal
Iterations: 56901
Infeasibility: 0
Dbjective: 18283
Best IP: 18283

IP Bound: 17046 .5
Branches: 187
Elapzed Time: 00:00:0s8

Update Interval: I:l

| Close |

LS .l

Figure 4.46 LINDO Solver Status for Police Patrol Zone 2

After solving the mathematical formulation in Police Patrol Zone 2,
LINDO software saved the 147 KB output text file. The details of this solution are

shown below.

OBJECTIVE FUNCTION VALUE = 18,283

X, 5 =1 T,=0

Xy, =1 T,=6.84

X, =1 T,=11.48

X, , =1 T, =18.44

X, 4 =1 T, =26.71 W, =146.47
Xy 93 =1 T,, =180
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T,s =210

T, =211.45
T, =355.6
T, = 360
T,, =420

T, =439.83
T,, =444.38
T, =451.27
T,, =459.39
T,, =466.22
T, =471.16
T,, =480
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W, =137.71

W,, =19.4

The solution of police patrol in police patrol zone 2 (shift 2) can be

summarized in Table 4.27 with 5 columns: Checkpoint ID, Location, Arrival Time,

Waiting Time and Service Time. It also provides details on the arrival time to

checkpoint, waiting time and duration of the performance of duty. It is arranged in the

sequence from the beginning at Nongkhaem Police Station (origin) and returning to

Nongkhaem Police Station (destination).
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Table 4.27 Results in Police Patrol Zone 2 (Shift 2)

Checkpoint Aurrival Waiting Service
Code Checkpoints Time Time Time
ZONE2_000 | NongKhaem Police Station 0 0
ZONE2_003 | Khunmae Shop 6.84 3
ZONE2_004 | Wo Rat Co. ,Ltd. 11.48 3
ZONEZ2_005 | Soi Chotchuang 18.44 3
ZONE?2_006 | Wutthi’s House 27.71 146.47 3
ZONE2_092 | Soi Nak Sathaphorn 2 180 30
ZONEZ2_093 | Soi Nak Sathaphorn 2 (Dummy) 210 0
ZONE2_007 | 69 Aluminium Co. ,Ltd. 211.45 137.71 3
ZONE2_008 | 37/54 Soi Phet Kasem 71 355.6 3
ZONE2_088 | Opposite Carrefour 360 60
ZONE2_089 | Opposite Carrefour (Dummy) 420 19.4 0
ZONE2_009 | Toyota Co. ,Ltd. 439.83 3
ZONEZ2_010 | Nakhon Phet Kasem Market 444.38 3
ZONEZ2_002 | Phet Kasem1 Village 451.27 3
ZONE2_012 | Soi Prem Pri 1 459.39 3
ZONE2_011 | Opposite Phai Thun’s House 466.22 3
ZONE?2_001 | Sia Nam’s House 471.16 3
ZONE2_098 | Nongkhaem Police Station 480 0

In brief, for the optimal solution of the police patrol in police patrol zone 2
(shift 2), the overall distance is 18,283 meters beginning from Nongkhaem Police
Station 0 minutes after left from the station.

Arriving at the checkpoint at Khunmae Shop 6.84 minutes after left from
the station and performing duties for 3 minutes.

Arriving at the checkpoint at Wo Rat Co. ,Ltd.11.48 minutes after left

from the station and performing duties for 3 minutes.
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Arriving at the checkpoint at Soi Chotchuang 18.44 minutes after left from
the station and performing duties for 3 minutes.

Arriving at the checkpoint at Wutthi’s House 27.71 minutes after left from
the station and waiting for 146.47 minutes prior to performing duties - the
performance of duty takes 3 minutes.

Arriving at the vehicle checkpoint at Soi Nak Sathaphorn2 180 minutes
after left from the station and performing duties for 30 minutes and departing from the
checkpoint at Soi Nak Sathaphorn 2 (dummy) 210 minutes after left from the station.

Arriving the checkpoint at 69 Aluminium Co. ,Ltd. 211.45 minutes after
left from the station and waiting for 137.71 minutes prior to performing duties - the
performance of duty takes 3 minutes.

Arriving at the checkpoint at 37/54 Soi Phet Kasem71 355.6 minutes after
left from the station and performing duties for 3 minutes

Arriving at the vehicle checkpoint opposite to Carrefour Supermarket 360
minutes after left from the station and performing duties for 60 minutes — the
performance of duty at the vehicle checkpoint opposite to Carrefour Supermarket
finished 420 minutes after left from the station. Then, the waiting time is 19.4 minutes.

Arriving at the checkpoint at Toyota Co. ,Ltd. 439.83 minutes after left
from the station and performing duties for 3 minutes.

Arriving at the checkpoint at Nakhon Phet Kasem Market 444.38 minutes after
left from the station and performing duties for 3 minutes.

Arriving at the checkpoint at Phet Kasem 1 Village 451.27 minutes after left
from the station and performing duties for 3 minutes.

Arriving at the checkpoint at Soi Prem Pril 459.38 minutes after left from
the station and performing duties for 3 minutes.

Arriving at the checkpoint Opposite Phai Thun’s House 466.22 after left from
the station and performing duties for 3 minutes.

Arriving at the checkpoint at Sia Nam’s House 471.16 minutes after left
from the station and performing duties for 3 minutes.

Arriving at NongKhaem Police Station (destination) 480 minutes after left

from the station.
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For better understanding of police patrol in police patrol zone 2 (shift 2),
the route function of Network Analyst in ArcMAP software is applied to illustrate the
sequence of routes based on the results (Figure 4.47). Routes are numerated. Again, the
route clearly shows that the mathematical model gives a reasonable tour passing all
checkpoints. Since this is the best (optimal) route, it may be a good benchmark to
compare with current practice by patrol officers Therefore, it is expected that the results

of analysis would be beneficial for routing and scheduling police patrol service in

practice.
i zone2 - ArcMap - Arcl
File Edit View Bookmarks Insert Selection Tools Window Help
QAUUT@EDI RO RON s’ Q| DEES paliall il L 4 I
Network Analyst = a 2 RL g l: Network Dataset: |nnng_khaem_road_ND j @ &h« DNRGarmin Menu = Open DNRGarmin
x x j
B £ layers |Route j
=] Route =) Stops (18)
= Stops nzonez origin
I Located EJ:zone2 003
?  Unlocated Ezonez 004
@ Error one2_005
B Time Violation BZOHEZ 006
= Barriers EzoneZ_OQZ
€3 Error lzone2 003
Located oneZ_007
?  Unlocated anez_ms
Routes oneZ_CIES
- FRoutes mzonez_osg
[0 nong_khaem_road_NC Ezonel_ﬂﬂg
O checkpoints zone2 mzonez_ﬂm
neng khaem road oneZ_UUZ
= O nong_khaem_road_NC EzoneZiﬂll
— Edges :onez_011
oneZ_001
[Ezone2_destination
= Routes (1)
wmzone? origin - zonel_destir
Barriers (0)
o m ] 3 e 5 LA™ Lot
Dipiey [Saurce ] Ssecion SENENE -
Drawing = & O~ A~ ‘IfﬂCDNﬂlaNew ﬂlm ﬂ BIUAY & Ay =~
N
645372.863 1512023.017 Unknown Units N

Figure 4.47 Routes Based on the Analysis of Patrol Officers in
Police Patrol Zone 2 (Shift 2)
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Further, the route function also provides details on directions, distance and
travel time (Figure 4.48). As it is printable, the commander can then use it along with

Table 4.27 in designating patrol officers.

([ [-] Route: zone2 origin - zone2 destination 18284.5m 50 min i
| 1: Start at zone2 origin Map
f 2: Go north on BANG BON 5 RD. toward LIAP KHLONG PHASI 187.7 m <1min Map
CHAROEN FANG TAI RD./SOI PHET KASEM 81 (MA CHAROEN)
3: Continue on SOI PHET KASEM 81 (MA CHAROEN) 319.1m <1min Map
4: Turn right on LIAP KHLONG PHASI CHAROEN FANG NUEA RD. 695.1m 1min Map =
5 ggntlnue to stay on LIAP KHLONG PHASI CHAROEN FANG NUEA 2211.1m 4 min Map
6: Amrive at zone2_003, on the right Map
7: Depart zone2_003
8: Continue east on LIAP KHLONG PHASI CHAROEN FANG NUEA RD. 1Zm <1min Map bl
9: ggﬂtinue to stay on LIAP KHLONG PHASI CHAROEN FANG NUEA 366.1m < 1min Map
10: Turn left on SOI SUNTHON 4 219.7 m <1min Map
11: Amrive at zone2_004, on the left Map
12: Depart zone?_004
13: Go back south on SOI SUNTHON 4 2187 m <1min Map
14: Turn left on LIAP KHLONG PHASI CHAROEN FANG NUEA RD. 580.8m 1min Map
15: Turn left on SOI CHOT CHUANG 482.6 m 2 min Map
16: Arrive at zone2_005, on the right Map

17: Depart zone2_005
18: Continue north on SOI CHOT CHUANG 125.8 m <1 min

18 Map

19: Turn right 221m <1min Map

20: Turn left on SOI PHET KASEM 69 512.2m 1min Map

21: Turn left on SOI NAK SATHAPHON 2 445 m 2 min Map

22: Turn left on SOI NAK SATHAPHON 1 92.7 m <1min Map

23: Turn right to stay on SOI NAK SATHAPHON 1 66.6 m <1min Map

24: Continue to stay on SOI NAK SATHAPHON 1 182 m <1min Map

25: Turn left to stay on SOI NAK SATHAPHON 1 111.6m <1min Map

26: Arrive at zone2_006, on the left Ma

27: Depart zone2_006

28: Go back north on SOT NAK SATHAPHON 1 111.6m <1min Map

20+ Turn rinht at SOT NAK SATHAPHON 1 tn stav an GNOT NAK 187 m <1 min Man =2
Options... ‘ Print Preview... | Save As.. | Print | Closs |

Figure 4.48 Detail of Routes Based on the Analysis by Patrol Officers in
Police Patrol Zone 2 (Shift 2)

When compared to Police Patrol Zone 1, long waiting time prior to
performing duties is also found in certain checkpoints in Police Patrol Zone 2. Thus,

the same practice is applied.
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4.7.3 Results for Police Patrol Zone 3
The solution for police patrol zone 3 is in the optimal status as described in
Figure 4.49. It took LINDO 1 minute 25 seconds in finding this solution.

LINDO Solver Status [

Dptimizer Status

Status: Optimal
Iterations: 1279793
Infeasibility: 0
Objechive: 23831
Best IP: 23831

IP Bound: 19402 . &
Branches: 141119
Elapzed Time: 00:01: 25

Update Interval: EI

| | Cloze |

e &

Figure 4.49 LINDO Solver Status for Police Patrol Zone 3

After finished solving mathematical model for police patrol zone 3,
LINDO saved a 17,048 KB text file onto the hard disk. The details of this solution are
as follows:

OBJECTIVE FUNCTION VALUE = 23,831

Xy 5 =1 To=0
Xy =1 T.=2.18
X, ;=1 T,=8.42
X3_2 -1 T, =17.27
X, =1 T, =30.48
)(1_6 :1 Tl =3599
X. =1 T, =42.14

6.7 =

B T, =48.15
X; 9=1 !

T, =53.46 W, =325.95

X9_1o =1

T,, =386.37
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X1 =1 T,, =391.34

Xy =1 T, =398.83

Xip 8= T, =414.51

X8_77 = T,, =420

X77_7s =1 T,, =450 W,, =24.61
X7s g5 =1 T, =480

The solution to the routing and scheduling of police patrol service in police
patrol zone 3 (shift 2) can be summarized in Table 4.28 with 5 columns, namely,
Checkpoint ID, Location, Arrival Time, Waiting Time and Service Time. It also
provides details on the arrival time to checkpoint, waiting time and duration of the
performance of duty. It is arranged in the sequence from the beginning at Nongkhaem

Police Station (origin) until returning to Nongkhaem Police Station (destination).
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Table 4.28 Results in Police Patrol Zone 3 (Shift 2)

Checkpoint ) Aurrival Waitng Service
Code Checkpoint Time Time Time
ZONE3_000 | Nongkhaem Police tation 0
ZONE3_005 | Kanda Village 2.18 3
ZONE3_004 | Soi Phun Suk 8.42 3
ZONE3_003 | Soi Phra Pin4 Soi 13/2 17.27 3
ZONE3_002 | Phet Kasem College 30.48 3
ZONE3_001 | Wat Nongkhaem School 35.99 3
ZONE3_006 | 45/6 Fang Tai Road 42.14 3
ZONE3_007 | Thawi Suk Farm 48.15 3
ZONE3_009 | Na Ko Ya Factory 53.46 325.95 3
ZONE3_010 | Modern Factory 386.37 3
ZONE3_011 | Phet Minimart 391.34 3
ZONE3_012 | Soi Chaiyo 398.83 3
ZONE3_008 | Pan Factory 41451 3
ZONE3_077 | Lak Sam Temple 420 30
ZONE3_078 | Lak Sam Temple (dummy) 450 24.61
ZONE3_085 | Nongkhaem Police Station 480

In brief, for the optimal solution of the police patrol in police patrol zone 3
(shift 2) reported the overall distance of 23,840 meters beginning from Nongkhaem
Police Station 0 minutes after left from the station.

Arriving at the checkpoint at Kanda Village 2.18 minutes after left from
the station and performing duties for 3 minutes.

Arriving at the checkpoint at Soi Phun Suk 8.42 minutes after left from the
station and performing duties for 3 minutes.

Arriving at the checkpoint at Soi Phra Pin 4 Soi 13/2 17.27 minutes after

left from the station and performing duties for 3 minutes.




Pol. Capt. Chanon Kamnuansak Results and Discussion / 146

Arriving at the checkpoint at Phet Kasem College 30.48 minutes after left
from the station and performing duties for 3 minutes.

Arriving at the checkpoint at Wat Nongkhaem School 35.99 minutes after
left from the station and performing duties for 3 minutes.

Arriving at the checkpoint at 45/6, Fang Tai Road 42.14 minutes after left
from the station and performing duties for 3 minutes.

Arriving at the checkpoint at Thawi Suk Farm 48.15 minutes after left
from the station and performing duties for 3 minutes.

Arriving at the checkpoint at Na Ko Ya Factory 53.46 minutes after left
from the station and waiting for 325.95 minutes prior to performing duties - the
performance of duty takes 3 minutes.

Arriving at the checkpoint at Modern Factory 386.37 minutes after left
from the station and performing duties for 3 minutes.

Arriving at the checkpoint at Phet Minimart 391.34 minutes after left from
the station and performing duties for 3 minutes.

Arriving at the checkpoint at Soi Chaiyo 398.83 minutes after left from the
station and performing duties for 3 minutes.

Arriving at the checkpoint at Pan Factory 414.51 minutes after left from
the station and performing duties for 3 minutes.

Arriving at the vehicle checkpoint 420 minutes after left from the station
and performing duties for 30 minutes - the performance of duty at the vehicle checkpoint
opposite to Carrefour Supermarket finished 450 minutes after left from the station. Then,
the waiting time is 24.61 minutes.

Returned to Nongkhaem Police Station (destination) 480 minutes after left
from the station.
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For better understanding of police patrol in police patrol zone 3 (shift 2),
the route function of Network Analyst in ArcMAP software is applied to illustrate the
sequence of routes based on the optimal solution (Figure 4.50). Routes are numbered.
The route clearly shows that the mathematical model gives a reasonable tour passing all
checkpoints. Since this is the best (optimal) route, it may be a good benchmark to
compare with current practice by patrol officers Therefore, it is expected that the results

of analysis would be beneficial for routing and scheduling police patrol service in

practice.
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Figure 4.50 Routes Based on the Analysis of Patrol Officers in
Police Patrol Zone 3 (Shift 2)

When compared to Police Patrol Zone 1, long waiting time prior to
performing duties is also found in certain checkpoints in Police Patrol Zone 3. Thus,

the same practice is applied.
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Further, results from running the route function also provide details on
directions, distance and travel time (Figure 4.51). As it is printable, the commander

can then use it along with Table 4.28 in designating patrol officers

2 AEE)
[-] Route: zone3 origin - zone3 destination 23832.2m 1 hr3 min b
1: Start at zone3 origin Map
2: Go South on BANG BON 5 RD. toward SO0 WUTTHISUK 385.8m < 1min Map
3: Make sharp right on SOI CHUEN CHOM 87.5m < 1min Map
4:  Turn left to stay on SOI CHUEN CHOM 259.7 m 1min Map
5: Arrive at zone3_005, on the right Map
6: Depart zone3_0035
7: Goback Morth on SOI CHUEN CHOM 259.7m 1min Map
8: Turn right at SOI CHUEW CHOM to stay on SOI CHUEN CHOM 87.5m < 1min Map
2:  Turn right on BANG BON 5 RD. 547.8m 1min Map
10: Bear right on S0 PHUN SUK 184.3 m < 1min Map
11: Arrive at zone3_004, on the right Map
12: Depart zone3_004
13: Continue South West on S0I PHUN SUK 31.3m < 1min Map
14: Continue on SOI SUWARN MNAKHON 226.2m < 1min Map
15: Make sharp right on BANG BOM 5 RD. 992 m 2 min Map
16: Turn right to stay on BANG BOM 5 RD. 7144 m 3 min Map
17: Arrive at zone3_003, on the left Map
18: Depart zone3_003
19: Go back East on BANG BON 5 RD, 7144 m 3 min Map
20: Turn right at BANG BOM 5 RD. to stay on BANG BON 5 RD. 588.9m 1min Map
21: Turn right on SOMDET PHRA NARESUAN MAHARAT 1 RD. 882 m 2 min  Map
22: Continue 300.7m < 1min Map
23: Turn right 2438.4m < 1min Map
24: Continue on SOI WAT SINUAN 1455.9m 3 min Map
25: Arrive at zone3_002, on the right Map
26: Depart zone3_002
27: Continue Morth on SOT WAT SIMUARN 1103.3m 2 min Map 2
Optians... ‘ Print Preview. .. ‘ Save As... | Print | Claze |

Figure 4.51 Detail of Routes Based on the Analysis by Patrol Officers in
Police Patrol Zone 3 (Shift 2)

According to the results of study, the time in finding an optimal solution
for police patrol zone 2 is the shortest as compared to zones 1 and 3. The amount of
computing time for three zones is not very long. Next, the attempt to route and
schedule the patrol service through all kinds of checkpoints will be conducted.
Practically speaking, this may be useful for manpower planning. From the technical
standpoint, it is also useful for studying the behavior of a larger routing and scheduling

of police patrol service problem.
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4.8 Routing and Scheduling of Police Patrol Service Through All
Checkpoints

The arrangement of police patrol plan and route across all 12 main
checkpoints and the establishment of vehicle checkpoints have been examined in
Sections 4.5, 4.6 and 4.7 Satisfactory results have been achieved. In this Section, it is
the experiment on the arrangement of police patrol plan and route by adding more
checkpoints (red-box, bank and gold smiths checkpoints) into the mathematical model
on one-by-one basis. LINDO then has been executed to find the solutions when the
number of checkpoints is continually increased. One-by-one increase of checkpoint
(not all at once) has been pursued since the huge number of checkpoints, as in this
case, is expected to become a very difficult problem (NP-Hard) to solve. Optimization
computer package may likely be unable to yield the optimal solution. Consequently,
one-by-one increase may allow the author to study the behaviors of this particular
problem such as the growth of computing time, size of output file and the reduction in
waiting time and so on.

The solutions are categorized into three groups according to the police
patrol zoning. At the beginning, the solutions in Sections 4.5, 4.6 and 4.7 are based on
12 checkpoints and the other two vehicle checkpoints with time constraint. When
LINDO finds the solution, the patrol route will be re-arranged and a checkpoint will be
added one by one until it becomes impossible to find the solution. In this regard, the
behavior of optimal solution for any problem size can be studied. If the mathematical
model is capable for the arrangement of police patrol plan and route that cover all
checkpoints within the period of 8 hours, it means that patrol officers can visit all of
them too. In contrast, if such arrangement fails to cover all checkpoints for 8-hour
shift, it may probably imply the maximum number of checkpoints that police patrol
can actually visit in each shift. Other managerial techniques (e.g. increasing the
number of patrol officers and re-organizing the police patrol zone) may then be
necessary to deal with excess number of checkpoints for the full coverage. The study

on issues mentioned above will be discussed as follows:
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4.8.1 Increased Number of Checkpoints
The number of checkpoints has been increased one by one. The added

checkpoint is randomly selected in order to prevent possible bias and the concentration of
checkpoints in one particular area. Such increase is shown in Tables 4.29, 4.30 and 4.31

for Police Patrol Zone 1, 2 and 3, respectively.

Table 4.29 Sequence of the Increased Checkpoints in Police Patrol Zone 1

No. Checkpoint ID Location
1 zonel 057 Soi Watchara Home 2
2 zonel 016 Kaeo Factory
3 zonel 067 35/132 Soi Chatsan 2
4 zonel 021 39/4 Hansa 5 Village
5 zonel 075 Flat
6 zonel_060 7-Eleven (Hansa Village Branch)
7 zonel 019 Hansa 5 Village
8 zonel 032 Soi Khun Khachon
9 zonel_ 046 7-Eleven (' Soi 79 Branch)
10 zonel 070 Soi Chuan Sanit
11 zonel 083 To Kang Goldsmiths
12 zonel 034 Badminton Court
13 zonel 053 Ya Kan Yung House
14 zonel 024 Soi Phut Tan 3/2
15 zonel 052 Ma Ma Town House
16 zonel 077 79/426 Hansa 5 Village
17 zonel 069 57/259 Hansa 1 Village
18 zonel 039 Soi Phong Siri Chai 4 Soi 29
19 zonel 026 Me Na Pho Rented Room
20 zonel 074 Thana Phi Rom Village
21 zonel 080 Phet Kasem 79 Soi 27
22 zonel 076 35/79 Chatsan 2 Village
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Table 4.29 Sequence of the Increased Checkpoints in Police Patrol Zone 1 (cont.)

No. Checkpoint ID Location

23 zonel 035 Lek Munwian Factory

24 zonel 064 Phong Siri Chai Village

25 zonel 087 UOB Bank

26 zonel 029 Chu Rada Jeweler

27 zonel 023 Si Mongkhon

28 zonel 047 Khrueang Ngoen Soi 79
29 zonel 043 Thai VP Factory

30 zonel 078 Car Wash

31 zonel 058 Soi Phet Kasem 79 Soi 17
32 zonel 068 Land Office

33 zonel 048 19 Hong Rented Room

34 zonel 079 Chatsan 2 Village Minimart
35 zonel 054 Thong Thai Row House

36 zonel 066 4/146 Soi Watchara Home
37 zonel 036 72/111-2 Khang Rungrot
38 zonel 055 Yen Chit

39 zonel 081 Thai Seng Heng Goldsmiths
40 zonel 022 Soi Chan In

41 zonel_084 Siri Mongkhon Goldsmiths
42 zonel 027 Chuan Thawin Apartmemt
43 zonel 082 Muk Mani Goldsmiths

44 zonel 018 PK Garage

45 zonel 065 Chinda Wet Factory

46 zonel 013 Hansa Factory

47 zonel 072 Sub Power Plant

48 zonel 071 Phet Kasem 81 Clinic

49 zonel 073 Soi Ma Ma

50 zonel 044 Chuan Chuen Village




Pol. Capt. Chanon Kamnuansak

Results and Discussion / 152

Table 4.29 Sequence of the Increased Checkpoints in Police Patrol Zone 1 (cont.)

No. Checkpoint ID Location

51 zonel 033 Soi Phong Siri Chai 4 Soi 28
52 zonel 063 Hansa 4 Village

53 zonel 061 72/133 Khang Rungrot

54 zonel 030 Soi Watchara Home 1

55 zonel 037 Saeng Thana Furniture

56 zonel 051 Printing House Soi 79

57 zonel_049 Phat Cha Ra Loha Phan Factory
58 zonel 028 Han Tha Wat

59 zonel 041 PT Gas Station

60 zonel_017 UB Factory

61 zonel 085 Rattana Suwan Goldsmiths
62 zonel 020 Thong Thai Factory

63 zonel 045 PTT Gas Station

64 zonel 015 Ya Kan Yung Factory

65 zonel 088 Siam Commercial Bank

66 zonel_086 Thep Mongkhon Goldsmiths
67 zonel 062 Nakhon Rin Factory

68 zonel 038 Bangkok Foam

69 zonel_042 Phut Tan Camp

70 zonel 040 Khun Khachon Junk Shop
71 zonel 056 Chu Chit Rented Room

72 zonel 025 Printing House Soi 79

73 zonel 090 Kasikorn Bank

74 zonel 059 Dao Den House

75 zonel 014 Sin Thai Factory

76 zonel 089 ALC Bank

77 zonel 031 Klom Chai Godown

78 zonel 050 Soi Phet Kasem 79 Soi 15
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Table 4.30 Sequence of the Increased Checkpoints in Police Patrol Zone 2

No. Checkpoint ID Location
1 zone2_060 Soi Prem Pri 2
2 zone2 071 No Entrance Co. ,Ltd.
3 zone2_037 Siri Thai Co. ,Ltd.
4 zone2_068 Opposite Wutthi’s House 2
5 zone2_041 Bun Chai’s House
6 zone2_070 Lee Apartment
7 zone2_017 Yawata Co. ,Ltd.
8 zone2_056 Opposite Wutthi’s House 1
9 zone2 055 Soi Rattana Sen
10 zone2_022 Phon Thawi Wat 1 Condominium
11 zone2 074 Soi Sawat Di Ka 2 Soi 13
12 zone2 032 Soi Sawatdikan 2 Soi 20 (1)
13 zone2_038 Phuttha Rak House
14 zone2_042 Ngi Thai Factory
15 zone2_080 Khun Sawat Factory
16 zone2_035 Sa Thi Ta Apartment
17 zone2_086 Krung Si Ayutthaya Bank
18 zone2 083 Chai Mongkhon 3 Goldsmiths
19 zone2 014 Factory at Soi Phet Kasem77
20 zone2_ 048 Sawatdikan Plastic Co. ,Ltd.
21 zone2_049 Sakhon Pan Sin Dormitory
22 zone2_015 309 Phet Kasem1 Village
23 zone2 051 Opposite Ngi Thai Co. ,Ltd.
24 zone2_054 Gravia Co. ,Ltd.
25 zone2_076 Sin Siam
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Table 4.30 Sequence of the Increased Checkpoints in Police Patrol Zone 2 (cont.)

No. Checkpoint ID Location

26 zone2_067 Paper Factory

27 zone2_082 Yaowarat Goldsmiths

o8 zone2_016 Soi Sawatdikan 1 Soi 6

29 zone2_045 Soi Prem Pri 2

30 zone2 034 17/3 Soi Phet Kasem77 Soi 4-9

31 zone2_053 Silver Art Co. ,Ltd.

32 zone2_030 Am Ma Rin Apartment

33 zone2_065 Arun Thong Village

34 zone2_059 Hia Ho’s House

35 zone2_039 Nam Saeng Co. ,Ltd.

36 zone2_019 Harvest moon Restaurant

37 zone2_025 Rangsan’s House

38 zone2_081 SP Apartment

39 zone2_020 Asia Factory

40 zone2_046 77 Apartment

41 zone2_064 Lap Pet Nong Khai Restaurant

42 zone2_087 CIMB mank

43 zone2_069 Ngi Thai dormitory

44 zone2_036 Nam Saeng dormitory

45 zone2 024 Aphi Rue Di Co. ,Ltd.

46 zone2 018 Plate Factory

47 zone2 031 Soi Sawatdikan 2 Soi 18

48 zone2 043 Khwan Thip Mansion

49 zone2_044 Phong Sak Mansion
zone2_084 Thawi Chai 9 Goldsmiths

50
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Table 4.30 Sequence of the Increased Checkpoints in Police Patrol Zone 2 (cont.)

No. Checkpoint ID Location

51 zone2_072 257 Soi Phet Kasem 73/1
52 zone2 021 PTR Phon Charoen Co. ,Ltd.
53 zone2_066 Thi Pha Wan Apartment

54 zone2 073 The House

55 zone2 063 Khiam Heng Pho Co. ,Ltd.
56 zone2_052 Phichai Yon Co. ,Ltd.

57 zone2_040 Yu Thong Co. ,Ltd.

58 zone2_057 Jpect Knitting Factory

59 zone2_075 Don Ya House

60 zone2_085 Krungthai Bank

61 zone2 028 ASK Co. ,Ltd.

62 zone2_ 058 Machine Shop

63 zone2_062 Sitthi Phon Co. ,Ltd.

64 zone2 078 Suppha Wan 4 Village

65 zone2_026 Chom Chao’s House

66 zone2_033 Soi Sawatdikan 2 Soi 20 (2)
67 zone2_ 077 Charoen Minimart

68 zone2_047 S & R Footware Factory

69 zone2_029 Charoen Apartment

70 zone2 013 Premier Co. ,Ltd.

71 zone2 023 ALK Co. ,Ltd.

72 zone2_027 Soi Phet Kasem 77 Soi 3-10
73 zone2_050 Phitsa Man1-2 Row House
74 zone2_061 Rung Sawang Place

75 zone2 072 257 Soi Phet Kasem 73/1
76 zone2_079 Salini House
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Table 4.31 Sequence of the Increased Checkpoints in Police Patrol Zone 3

No. Checkpoint ID Location
1 zone3 017 Nitta Ya Factory
2 zone3 070 Opposite Phet Samut Co. ,Ltd.
3 zone3_062 Paichue 2 House
4 zone3_066 Sunthon 5 Village
5 zone3 060 Sombun Phon Rented Room
6 zone3_016 Kaeo Restaurant
7 zone3 028 Phai Lot Factory
8 zone3 026 Chai Charoen Co. ,Ltd.
9 zone3 036 Soi Kuan Im
10 zone3_050 Soi Thong Niam 1
11 zone3 072 Kim Sek Heng Goldsmiths
12 zone3 024 Soi Phet Monthon 11
13 zone3_069 Air produce Co. ,Ltd.
14 zone3 037 Soi Chuea Suan
15 zone3 032 Soi Phun Suk 1
16 zone3_059 Hutsa Chemical Factory
17 zone3 064 Sock Factory
18 zone3 068 Furniture
19 zone3 033 Soi Kanda 7
20 zone3 048 Soi Wan Samroeng
21 zone3_055 Soi Prasoet
22 zone3_042 Yaem Phaka Nai
23 zone3 071 Rim Nam Condominium
24 zone3 074 Krungthai Bank
25 zone3_040 Satin Factory
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Table 4.31 Sequence of the Increased Checkpoints in Police Patrol Zone 3 (cont.)

No. Checkpoint ID Location

26 zone3 021 Soi Thana Suk 1

27 zone3 030 Phaisan Co. ,Ltd.

28 zone3 018 Khaep Mu Factory

29 zone3 067 Bi Sian Co. ,Ltd.

30 zone3 054 Bencha Phon Village

31 zone3 034 Soi Sathit

32 zone3_058 Rakhang Thong Rented Room
33 zone3 029 Soi Suwan Khon

34 zone3 051 Soi Chawalit

35 zone3 039 Chan Charan Co. ,Ltd.

36 zone3_046 Pa Chuk’s House

37 zone3 027 Kaona Co. ,Ltd.

38 zone3_023 Kitti Ya Village

39 zone3 015 Green Act Factory

40 zone3 073 Chai Mongkhon 2 Goldsmiths
41 zone3_057 Sombun Phon’s House

42 zone3 061 Paichue 1 House

43 zone3 047 Thai Phet Factory

44 zone3_056 Suea Dek Factory

45 zone3 014 Powder Factory

46 zone3 020 Soi Phra Pin4 Soi 6

47 zone3_043 Lat Da Rom Village

48 zone3 065 Thian Saeng Thip Co. ,Ltd.
49 zone3_022 Thana Suk Village

50 zone3 038 C B S Co. ,Ltd.
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Table 4.31 Sequence of the Increased Checkpoints in Police Patrol Zone 3 (cont.)

No. Checkpoint ID Location
51 zone3 019 Soi Phra Pin4 Soi 11

52 zone3_052 Sawa Kon Kodang

53 zone3_025 Phet Monthon Village
54 zone3_049 Sai Thip Village

55 zone3 035 Hia Chua House

56 zone3_013 Phon Phen Apartment
57 zone3 044 Soi Prasit 4/4

58 zone3 031 Tawan Chai Village

59 zone3 041 Yaem Phaka Nok

60 zone3_045 Ratchaphruek Village
61 zone3 063 Thai Nam Thip Co. ,Ltd.
62 zone3 053 17/110 Bencha Phon Village
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The checkpoints have been added into the mathematical model to find the

optimal solutions based on processes and sequence described in Section 4.8.1. LINDO

was used to solve the model. Table 4.32 shows the achieved results for police patrol

zone 1 in which the number of checkpoints is increased from 12 to 18.

1) Police Patrol Zone 1

Table 4.32 Results Based on Increased Number of Checkpoints in Police Patrol Zone 1

Number | Number Number of Number Number of Objective Processing File size
of check- | of node constraints of integer constraints function time (KB)
points variables (km.) (Hour:Minute:
Second)
12 18 308 273 321 23,672 0:01:33 15,276
13 19 344 307 357 24,236 0:04:11 28,996
14 20 382 343 395 24,501 0:31:46 393,384
15 21 422 381 435 24,707 0:42:49 365,021
16 22 464 421 477 25,786 1:00:43 704,764
17 23 508 463 521 26,001 4:27:49 2,701,546
18 24 554 507 567 26,001 7:25:24 4,150,340
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Results for police patrol zone 1 are shown in Table 4.32 LINDO could
solve this problem up to 18 checkpoints with the computing time lasting 7 hours 25
minutes. Then, the program ceases functioning due to either full memory or other
errors interrupting its processing procedure. The size of output file is 4.1 GB. The
graph in Figure 4.52 shows the relation between the computing time and problem size -
representing by the number of checkpoints. Exponential increase of computing time can
be observed, particularly when there are more than 16 checkpoints. This meets the
expectation since it is very difficult to achieve the optimal solution for this kind of

mathematical problem.
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Figure 4.52 Relationship between Number of Checkpoints and

Computing Time for Police Patrol Zone 1
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2) Police Patrol Zone 2

Table 4.33 shows results for police patrol zone 2. LINDO can solve the
problem to optimality up to 23 checkpoints. It took 57 hours to complete. The size of
output size is 2.4 GB. Again, the exponential increase of computing time can also be
noticed, particularly when there are more than 22 checkpoints as exhibited in Figure
4.53. This perhaps suggests the limitation of the chosen analytical tools, i.e., LINDO
and necessitates the development of approximation solution approach such as special
purposed heuristics or meta-heuristics.

Table 4.33 Results Based on Increased Number of Checkpoints in Police Patrol Zone 2

Number Number Number of Number Number of Objective Processing File size
of check- of node constraints | of integer | constraints function time (KB)
points variables (km.) (Hour:Minute
:Second)

12 18 308 273 321 18,283 0:00:05 147
13 19 344 307 357 18,404 0:00:06 366
14 20 382 343 395 18,800 0:00:11 351
15 21 422 381 435 19,637 0:01:23 10,105
16 22 464 421 477 19,816 0:02:21 15,922
17 23 508 463 521 20,121 0:04:35 30,423
18 24 554 507 567 20,164 0:10:08 40,480
19 25 602 553 615 20,164 0:20:25 92,296
20 26 652 601 665 20,186 0:21:46 | 107,907
21 27 704 651 717 20,198 2:38:28 | 152,245
22 28 758 703 771 20,254 2:37:47 | 647,340
23 29 814 757 827 20,739 57:32:41 | 2,484,518
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Police Patrol Zone 3

Table 4.34 displays the solutions of solving mathematical models for police
patrol zone 3. LINDO achieves optimal solution only up to 18 checkpoints (the same
number as police patrol zone 1). However, it took over 74 hours to complete. The output
file size is 2.3 G.B. The graph in Figure 4.54 shows the relationship between the
computing time and problem size - represented by the number of checkpoints.
Similarly, exponential increase of computing time can also be observed when there are

more than 17 checkpoints.

Table 4.34 Results Based on Increased Number of Checkpoints in Police Patrol Zone 3

Number of | Number | Number of Number Number of Objective Processing File size
check- of node | constraints | of integer | constraints function time (KB)
points variables (km.) (Hour:Minute

:Second)
12 16 242 211 255 23,831 0:01:18 13,551
13 17 274 241 287 23,914 0:01:05 10,600
14 18 308 273 321 24,245 0:02:47 30,182
15 19 344 307 357 24,245 0:18:04 84,656
16 20 382 343 395 24,602 0:32:07 313,541
17 21 422 381 435 24,603 1:40:38 790,401
18 22 464 421 477 30,149 74:39:31 2,318,246
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Notice that the waiting time (W, ) decreases as the number of checkpoints

increases. This is logical because there are more work loads for patrol officers to

pursue beyond the 12 main checkpoints. In this regard, the results in Table 4.35

display gradually-reduced waiting time.

Table 4.35 Waiting Time Prior to Performing Duties (Minutes) due to the Increase of

Checkpoints in each Police Patrol Checkpoints

Number of Checkpoints

Waiting Time prior to Performing Duties (Minutes)

Police Patrol Zone 1

Police Patrol Zone 2

Police Patrol Zone 3

12 302.44 303.58 350.56
13 280.99 300.1 347.22
14 293.11 300.82 343.44
15 292.31 289.26 340.44
16 278.62 285.55 335.86
17 270.75 281.33 332.87
18 268.1 278.23 329.87
19 275.23
20 272.13
21 269.07
22 268.85
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The largest solvable problem size of 22 checkpoints in zone 2 showed
minimum waiting time of 268.85 minutes or about over four hours. This is about half
of 8-hour shift. Although the larger problem cannot be solved by LINDO to
optimality, at least it can be inferred from this results that more checkpoints can be
assigned to patrol officers due to remaining plenty of time during the 8-hour shift.
However, it is not known how many more checkpoints the officers can visit. One
almost certain thing is that it is impossible to visit all checkpoints (80 plus) in any
zone within an 8-hour shift. To be optimistic, given that 22 checkpoint already took
about four hours (total shift 480 minutes — waiting time of 264.85 minutes) to visit,
perhaps the officers, at more or less the same rate, may be able to visit another 22
checkpoints. This implies that the work load should be around 40 — 50 checkpoints per
shift on a regular day. The current number of checkpoints is probably too much to
complete within an 8-hour shift.

In this chapter the data regarding the performance of duty of police
officers of Nongkhaem Police Station have been used as the case study for the
arrangement of police patrol plan and route. It begins with the use of GPS device for
the collection of all checkpoint locations within Nongkhaem Police Station’s area. The
estimation of distance and time between checkpoints has been done by Network
Analyst Extension of ArcGIS 9.3 program. These data are put into mathematical
models that have been developed by imitating patrol officers’ actual operation in
patrolling the important checkpoints and in establishing the vehicle checkpoints as
designated by the commander. LINDO 6.1 has then been applied to solve the
mathematical models to find the optimal solutions for the arrangement of police patrol
plan and scheduling. The results are satisfactory because police patrol plan is suitable
and covers all main checkpoints. Likewise, the establishment of vehicle checkpoints
can also be pursued within the specified time required by the commander. The route is
logical with considerable difference from the actual operation pursued by patrol
officers. This means that the mathematical models are capable of reducing the
patrolling costs. This research also put a great effort to examine the behavior of police
patrol plan arrangement problem in light of the coverage of all checkpoints. In this
regard, the checkpoint has been added into the mathematical models one by one so the

solution conforms to the continual increase of checkpoints. The use of LINDO to find
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the optimal solution reflects the fact that the police patrol plan arrangement is a very
difficult mathematical problem. In spite of a relatively small size, a general computer
program may be unable to find the optimal solution. Moreover, the computing time is
unpredictable too because with the same number of checkpoints, it may take longer
time in one police patrol zone but shorter in another. As a result, other more efficient
algorithm or approximation solution techniques may be needed in order to solve the
larger problem size within a reasonable amount of time.

In the next chapter, the conclusions and the author’s recommendations
based on personal experience in this particular research will be provided. Indeed, it is
also expected that this study will be useful for those who are interested in public
service research, especially the one that may share some common grounds with the

nature of this present research.



Pol. Capt. Chanon Kamnuansak Conclusions / 168

CHAPTER V
CONCLUSIONS

This thesis explored the application of logistics optimization modeling in
the arrangement of police patrol plan and route. Chapter I (Introduction) concerned the
statement of problem with respect to typical performance of patrol officers’ duty. It
was found that no police patrol routes have been arranged for patrol officers. They are
merely required to visit their designated responsible checkpoints and to inspect
vehicles at designated place and time period. It is possible that the routes they choose
may not be a sufficiently good choice which results in a waste of fuel. In this regard,
the arrangement of the optimal route (or tour in this context) that enables the patrol
officers to visit all checkpoints, arrive at vehicle checkpoints punctually and come
back to the police station by the end of the duty shift should be beneficial to their
overall performance as well as leading to the effectiveness of crime prevention and
suppression. In other words, such arrangement may then shorten patrol route and
reduce fuel costs without any impact on the quality of crime prevention and
suppression. Thus logistics mathematical models that well resembled the actual
operations of patrolling have been developed and applied in order to maximize the
efficiency of patrol route arrangement.

In Chapter Il (Literature Review), the characteristics of police patrol in
Thailand that aims to prevent and suppress crime have been discussed. Generally,
patrol officers have been designated to their responsible checkpoints and to vehicle
checkpoints at the specific places and time periods. Most oversea researches and
studies were focused on the assignment of patrol officers for crime control purpose.
However, the performance of Thai patrol officers’ duty put an emphasis on patrolling
the areas; hence, its nature may be similar to the Traveling Salesman Problem with
Time Windows (TSPTW) in logistics mathematics.

In Chapter 111 (Methodology), seven stages of research process have been
outlined and discussed, namely, 1) problem identification, 2) study scope definition, 3)
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hypotheses creation, 4) work flow diagram preparation, 5) data collection, 6) data
processing, and 7) mathematical modeling development and solutions. Furthermore,
the explanations relating to such mathematical modeling adapted from TSPTW by the
researcher have also been provided. Certain constraints are added into it in order to
generate the most similarity to the actual operation of police patrols’ duty. Also,
research tools, i.e., GPS device (Garmin GPSMAP 60) for collecting locations,
ArcMap 9.3 for time and road network distance estimation, and LINDO 6.1 for
solving mathematical modeling developed by the researcher have been introduced in
this Chapter.

Chapter IV (Results and Discussion) involved the implementation of
methodology in Chapter 3 with a case study of Nongkhaem Police Station. It began
with the collection of all checkpoint locations in Nongkhaem Police Station by GPS
device following by the use of ArcMap 9.3 for time and road network distance
estimation. The data were put into developed mathematical modeling; then, LINDO
6.1 was run in order to solve those problems for an optimal patrol route and schedule
arrangement. The result revealed that the patrol of all important checkpoints and the
establishment of vehicle checkpoints within timeframe required by the commander can
be achieved. In fact, those arranged routes are rather different from the actual ones
pursued by patrol officers. Then, the characteristics of the problem have been studied
in order to arrange the police patrol plan that covers all checkpoints in each zone.
Checkpoints have been added into mathematical modeling on one-by-one basis, and
then solve for an optimal solution. It has been unveiled that police patrol plan
arrangement for lot of checkpoints is a very difficult mathematical problem. General
computer programs cannot yield an optimal solution; thus, other algorithms and
estimation techniques may be necessary to obtain a good solution within a reasonable
amount of computing time. This will allow for routing and scheduling of police patrol
service for larger problems.

In this Chapter, besides the summary of previous four chapters as described
above, it concludes the achievement of two research objectives. The researcher also
provides suggestions that were learned during the course of the thesis. Lastly, the

reflections on recommended future research are also given.
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5.1 The Use of Information Technology in Police Patrol Plan

Arrangement

At present, there is no use of information technology in the arrangement of
police patrol plan and route. Therefore, this research was aimed to study Global
Positioning System (GPS) and Geographic Information System and applied them in
the collection and analysis of data for police patrol route arrangement and relevant
problems. In this research, the researcher has visited the checkpoints and used the GPS
device - Garmin GPSMAP 60 to collect geo-locations in responsible areas of
Nongkhaem Police Station. Furthermore, GPSMAP 60 has also been equipped with
patrol motorcycles for estimating the actual speed pursued by the patrol officers. This
is to represent the velocity in each road network route.

With respect to Geographic Information System (GIS), ArcMap 9.3 was
used for the estimation of route and drive time across the road network or ‘Origin-
Destination Cost Matrix” between all checkpoints. Such estimation is based on the
checkpoint locations and the velocity collected by the GPS device.

Data from the application of GPS and GIS include the distance and drive
time across the road network between all checkpoints and the police station. These
data are then put into mathematical modeling for police patrol plan arrangement. Thus,
one can argue that information technology can indeed be implemented for the

improvement of the efficiency of the performance of patrol officers’ duty.

5.2 Police Patrol Plan Arrangement by Means of Mathematical

Modeling
One objective of this research is to develop logistics mathematical models
that most resembles to the actual performance of patrol officers’ duty and to apply it
with the arrangement of police patrol plan and route. Therefore, in this research,
Traveling Salesman Problem with Time Windows (TSPTW) has become the model
for further development for the application with the arrangement of police patrol plan
and route. In this regard, certain constraints have then been added into mathematical

models in order to generate the most similarity to the actual performance of police
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patrols’ duty. The result revealed that the patrol of all important checkpoints and the
establishment of vehicle checkpoints within timeframe required by the commander can
be achieved. In fact, those arranged routes are rational in spite of the difference from
the actual ones pursued by patrol officers. This confirmed the potential of logistic
mathematical modeling in considerably reducing the costs of police patrol without
compromising the effectiveness of crime prevention and suppression. However, the
attempt to use it in the arrangement of police patrol plan that covers all checkpoints is
not yet successful because this mathematical problem is too difficult for a general

optimization program to solve for the optimal solution.

5.3 Suggestions

While carrying out this thesis, several lessens have been learned. Here, the
notable ones are shared.

1) The application of research results

The mathematical model should be perceived as a decision support tool.
As such, the results should therefore be viewed as the information for making the final
decision by human. For example, the long waiting time at particular checkpoints does
not necessarily mean that patrol officers have to be there that long. The commander
may designate the patrol officers to utilize such long waiting time for other useful
activities such as information gathering and community relations.

With respect to Section 4.8.2 regarding the computational results, it is
revealed that the checkpoints are so many that the patrol officers cannot visit them all
during a shift. As a result, this particular research may help the commander to review
and adjust the performance of duty of patrol officers. For example, the police patrol
Zone may be redesigned to be smaller in order to reduce patrol officers” workloads.
On the other hand, the number of patrol officers in each police patrol zone may be
increased to enhance the coverage.

As the waiting time is relatively long, the commander may then specify
more principal checkpoints in addition to those 12 checkpoints. This is to permit patrol
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officers to appropriately spend more time for patrolling as compared to the current
practice.

2) Selection of the suitable analytical tools

To solve problems with several variables and constraints (e.g., to route

and schedule patrol service through all checkpoints), one should use the analytical tool,
which is more powerful than the one in this particular research. This may increase the
number of achieved results. However, the researcher believes that it may be
impossible to achieve the results of all checkpoints. This is due to the fact that the
travel time for 22 checkpoints already exceeds half of the specified time. As a result,
visiting almost 100 checkpoints may likely require more travel time than a shift allows.

3) Cautions when running the solver, most modern computers are loaded
with many residing program which consume valuable memory. More importantly,
they ameliorate the capability of the solver unintentionally. Therefore, before running
a solver, keep in mind the following cautions:

- Do not interrupt the computer while processing data.

- Close all automatic programs such as Anti Virus and Defragmentation.

- Avoid using any other programs while processing data.

- Switch off the internet connection.

- Run the defragmentation and disk scan before processing the data to
ensure the readiness of computer.

- Use the same computer for every data processing to ensure the
similarity of working environment; hence, allowing for the correct comparison

between runs.

5.4 Recommended Future Research

The arrangement of police patrol plan and route is similar to typical
problems in logistics and supply chain discipline. In this research, mathematical
models have been developed on the basis of the data from Geographic Information
System database. Its applicability is perfect for the arrangement of patrol service

through main checkpoints (14 main checkpoints at most). However, the idea to arrange
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the police patrol plan that covers approximately 100 checkpoints is an interesting
research due to its usefulness for determining the work loads, the suitable number of
checkpoints, and the appropriate size of police patrol zone or even for manpower
planning. Indeed, the time spent by LINDO in identifying the solutions may reflect the
fact that police patrol plan arrangement is a very difficult mathematical problem. The
desktop computer and/or general optimization package may not yield the optimal
solution; even though, the problem was not very large. Moreover, the computing time
is unpredictable. The police patrol zone with certain number of checkpoints may take
shorter computing time than another zone with fewer checkpoints. Consequently, other
efficient algorithms and approximation techniques may be necessary for solving this
difficult problem to obtain a sufficiently good solution within a reasonable amount of time.
This can be one challenging research question for the future study.
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ABSTRACT : The purpose of this research is to applied a business logistics model for planning police patrol service. By analogy, it
was assumed that a police checked point is just like a customer node that needs to be serviced at the designated time (or time window
in logistic terminology) according to the order of the supervisor. We then formulated the scheduling and routing of police patrol
service as the Traveling Salesman Problem with Time Windows (TSPTW). We derived travel distance matrices from a Geographic
Information System database. Our case study is for Nhong Kheam Police Station in Bangkok. The optimal patrolling plan shows

practical routing and scheduling which saves significant amount of travel cost.

KEYWORDS : Police, Patrol Service, Logistics, Traveling Salesman Problem, Time Windows
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ABSTRACT : Police patrol service is very important for crime prevention and suppression. During the shift, patrol officers are
responsible for visiting designated checkpoints in the zone. In theory, they should visit all checkpoints, including red-box, bank,
goldsmith and additional vehicle checkpoints demanded by the commander. This paper discussed the research and development of a
mathematical model for this purpose in order to minimize the travel cost of patrolling all main checkpoints. Also, it studied the
behavior of the mathematical model as the number of checkpoints grows beyond the main checkpoints. This was done with the help
of an optimization and geographic information system (GIS) software. The case study is from the police station in Bangkok
Metropolitan Area. The analyses showed that the developed model could be used to plan the routing and scheduling of police patrol
service through all main checkpoints. However, as the number of checkpoints grows larger, the optimization struggled to find an
optimal solution even for a medium size problem. This implied the necessity of more efficient solution techniques or approximation

methods such as heuristics that may obtain a sufficiently good solution in the reasonable amount of time.

KEYWORDS : Police, Patrol, Optimization, Mathematical Model, Optimization, Time Windows
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