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The taffic proble,m in Bangkok effects a massive population Th9 uh of this

thesis was to deyelop a computer prosm simulating traffic conditions in Bangkolq

;;i"t statistics of traific conditions-between 1996 - 1998. The prograrn was developed

UV rin**" development methodology. First, the details of roads and junctions in

central Bangkok *.r. ttuorfor-.d into a network node-link system. Then th9 vehicles

in the node-link system were defined and separated into two groups. Personnel

vehicles can molt randomly in the node-link system and mass nansit vehicles use

fixed node-linkpaths in the qfstem.

Generation methods were described in terms of the mathematical

methodology of probability and distribution including random methods.

At the end of study, fts nsflsJink system and queue were represented by a

graphic progmm. This program contains variable parameters of the mathematical

model. These parameters can be altered interactively.

The delir.erable item from this thesis is a traffic simulation program that can

be used to study and improve traffic conditions in Bangkok, by using a what-if

analysis that changes parameters in the simulation program. The basic idea is that

traffic conditions and problems in Banglok are different from other cities. It is

recommended a Thai researcher use Software Development Methodology to study and

improve the local traffic problem in Bangkok.
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CHAPTER I

INTRODUCTION

1.1 INTRODUCTION
Sirmilation is a technique used to simulate operations of various kinds of real

world processes or facilities. The facilities or processes of interest are"usually called a

system to which we refer to a traffic system in this study. We often have to make a set

of assumptions about how a system, which uzually takes the form of mathematical
relationships constituting a model that is used to ty to gain some understanding of
how the system behaves.

1.2 REASONS X'OR THE PROBLEM

The taffic problem is a serious problem that occurs in many big cities of
which are the ce,lrters of business and govemment ofEces, including Bangkok. Many
previous researches done on the taffic problem of Bangkok indicated that the problem
originated from an increasing number of vehicles and insufficient road space.

The increasing number of people migrating from other provinces and the
high birth rate has made the living area in Bangkok insufEcient. Then, the following
problem concenrs an increasing demand of vehicles and mass transit system. At the
present time, Bangkok has insufficient road space to accommodate the increasing
number of vehicles, that leads to the traffic problem.

As the demand for day-today tansit has been increasing due to an
increasing number of people, the govemment has still been unable to solve the
problem by increasing either the capacity of mass tansit or the capacity of road space.

Another considerable factor is the fiaffic light control in the Bangkok area
that is only partially automatically contol by the Traffic Center of the Police
departuent (ATC system) and the rest in controlled manually.

Even though the manual system at the junction could solve the problem at
one level during rush hours, an efficient performance appeared only on the main roads,
not on the minor ransit paths.

. The tafEc system is a network system and the problem must be solved
through the whole network system and not partially. The solution must be holistic and
the data generated must be for the entire network.

|}

C
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1.3 OBJECTTVES
1.3.1 To develop a traffic system simulation softvvare for a research pu{pose

that is easier to interface whenever some conditions are changed.

1.3.2 To simulate the traffic conditions in Bangkok that are descried in terms
of a model and queue system instead of a real-world system.

1.3.3 To tansform the knowledge from the tenns of a mathematical model
and queue process into a graphic display.

1.3.4 To evaluate the efficiency of the developed progrzlm by comparison

with a real-world system and investigate the feasibility of improvement of the system.

1.4 STATEMENT OF PROBLEM

A fiaffic system is a system with roads and jrmctions linked together as a

network. Most of the time, taffrc problems occur at the main juuctions. The problem

occurs whenever the queues of vehicles accumulated at the red light are longer then

the length of the roads. These vehicles move to another place but a new queue will
immediately accumulate. This situation depends on the optimal paths these queues go

through that contain nodes to be visited"

1.5 SCOPE AI\D LIMMATION
1.5.1 To study the behavior of the traf[rc conditions at several types of

junction

1.5.2 Setting up some assumptions concerning the conditions and the reasons

for problems that simplif the model.

1.5.3 To design and build a taffic simulation model for a queuing process

1.5.4 To represent the real-world system (scope is in the Cental Bangkok

area) in terms of a computerized node-link model.

1.5.5 To describe the conditions of probability, statistics and randomization

methods to be used in the simulation Fogram.

1.5.6 To design md develop steps of the simulation software in steps

according to the software development methodology.

1.5.7 To produce a simulation program as a deliverable item which is a

graphical display traftic simulation model that allow changes in some parameters that

affect the mathematical model for cyclic simulation to change.

1.5.8 To evaluate the simulation program comparing to a real-world system

and discuss the feasibility of firthgl improvement.

!
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1.6 UTILITIES OF THESIS
1.6.1 This study is a case study of the simulation software development

methodology that is applied to a study of the real-world problems and transform those
problems into a computerized information system.

1.6.2 Simulation is a method ttlat helps to enhance the what-if analysis
circularly by maintaining or changing the conditions of strategy through changrng
parameters of mathematical models.

1.6.3 The result of this thesis will help to improve taffic problems. For
example, in the case of an automatic traffic light control.

t

}

!}
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CHAPTER II

REYIEW OFLITERATI]RE

2.l INTRODUCTION
The taffic simulation model was developed with several kinds of mechanism

depending on the objectives and methodologies. Results of some simulation models

haie been used to study the behavior of taffic in specific cormtries. Usually, the

studies are involved with the conditions of the approach and the arrival of vehicles.

This made some of these models difficult to implement in other countries that have

different conditions or have more varied conditions.

Examples of programs that have bee,n developed and accepted in foreign

countries are SATURN, TRAF-NETSIM, TRAFFICQ and AIMSIJN.

2.2 TRAFFIC SIMULATION PROGRAM

Most of the basic ideas of simulation programs can be separated into two

basic ideas. One is the Macroscopic model and the other is the Microscopic model.

Tlte Macroscopic model is the model that considers the whole network. We

form several strategies in terms of the mathematical model by choosing conditions that

affect the whole network. For exarrple we can use weighting sf important zones or

areas that vehicles tend to target as conditions forthe generation of paths.

The Microscopic model considers the behavior of each vehicle. For example

we can design mles for which a vehicle ean move.

2.2.1 SATTIRN

SATURN (Simulation and Assignment of Traffic in Urban Road)

was initially developed by ITS (Institute of Transport Studies), Leeds University,

England. (16)

This program has been developed continuously up to version 8.0.

The language used is FORTRAN 77 on a microcomputer. The capability of SATURN

includes Traffic Simulation and Traffic Assignment. By iteration, it gives results of
traffic assignment, that is the traffic volume in each road, volume of turning vehicles at

the junction and length of queue of vehicles waiting to enter to the junction. These

r"r.rltr are basic data for each traffic simulation. After simulation is completed, it
produces a result of delay in each jrmction and a flow-delay curve for traffic

t

lt
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assignment in the next cycle. This workflow continues until Trip Metics is assigned to
all routes in the traffic assignment.

For the part of simulation, each vehicle model is replaced by aJlow
profile, which is a relationship created from the volume of vehicles passing a detector
on a road in a period of time. A flow profile is simulated each cycle of time, it is a
Cyclic Flow Profile.ln each cycle, a tafEc sign is changed in a short period of time.
Then, the prograur creates a flow profile that enters into a link and calculates a flow
profile at a junction by adapingaPlatoon Dispersion Technique.

A length of queue at a junction is calculated by multiplying the
volume of vehicles from a cyclic flow profile with average of vehicle length. The
length of queue does not reflect a real behavior of length. It is more or less, like
vehicles stopping at the same waiting line as a vertical queue. So, this type of queue

does not absorb an effect of length of queue on the lenglh, vehicles can move freely on
a road that is reduced by the length of queue.

Vehicles cm be divided into trro types, private vehicles and buses,

by simulating together bus routes with private vehicle routes.

Capability of this program includes simulating a road network that
has junctions, traffic signals, pnority jrmctions, taffic circles and produces results in
graphics.

2.2.2TRAFF.ITETSIM
TRAFF-NETSIM was developed for the Federal Highway

Adminisfiation in USA. This prograrn is tested and became acceptable by the unit.
(16)

TrafFrc simulation use is in the type of Microscopic that simulates
traffic in a period of time. The period of Scanning Time Intental is I second. This
program is a simulation that produces only traffic simulation but not taffic assignment
as like the SATURN progrzm.

It simulates not only normd road network but also in-out parking
areas or a lot of in-out vehicles in each area.

Trffic Control at a junction can be simulated by using fixed+ime
or actuated traffic signal control.

Capability of traffic simulation includes simulation of 16 different
types of vehicles and behavior of pedestians.

IPu{IT-NETSM uses FORTRAN 77 in its development. It can be
worked'on microcomputers and produces results in graphics.

2.2.3 TRATTTCQ
TRAFFICQ is classified as a program that simulates traffic of the

microscopic type. It was initially developed by the London Borough of Wandsworth

(}
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using CSL (Control and Simulation Language).Later, the_MVA Systematica company

changea to FORTRA}{ 77 under the control of the U.K. Departnent of Transport

(DTP). (16)

At present, TRAFFICQ can be used on microcomputers and

produces graphic diagram results. The objective of TRAFFICQ development is to
analyze atrffic rnanagement Plan.

The simulation of this program includes a consideration of queue

behavior, platoon dispersion, delay of pedestrian waiting and change of road widtlt.

All these behaviors are very important factors when it reaches over'saturated traffic

condition.

Length of queue is classified as the same tlpe asvertical queue in

the SATURN program. Difference is in taffic signal contols that are controlled by

Jixed time a11d, actuated.It also simulates a jrmction that is not controlled by uaffic
signals, traffic circles or pedesfrian's crossings.

The Result of the TRr{IIFICQ program includes length of time

that vehicles take on each road section, total time take in network, length of queue at

each road and delay ofpedestrians at each crossing.

2.2.4 AIMSUN
AIMSLTN (Advanced Interactive Microscopic Simulator for

Urban Netuork) (16) is classified as a type of microscopic frafftc simulation that was

developed by the Deparfinent of Operation Researctr, Faculty of Information,

Polyechnic University of Cataluya), Bacelonq Spain. The language used is
FORTRA].{ 77. This program canbe used only with mainfrarne computers (e.g. VAX).
It produces results for graphic diagrams on screen. The outstanding point of this

progfam is that it can demonstrate vehicles moving on the screen.

Tirirs simulation model was designed to fit with a road network

simulation It consists of junctions that are contolled or not confrolled with traffic

signals in a testing prognm oftraffic control.

The most important advantage of this program is that uset can

change pararneter values while the program is running without a data file being used

with a case studl'. Changing parameters has two parts. The frst part is the volume of
traffic and the ratio of trrning vehicles at a junction. The second part are parameters

that inr-olve traffic signal control (time cycle, grcen light ratio and offset value)

Vehicles in this simulation progrcm can be divided into two types.

The first type is private vehicles and the second type is buses. The car arrival model of
vehicles is Car Follou'ing llodel arrd Lone Changing Model.

Simiating network consists of Node arrd Link. Each link stands

tbr two lanes u'ith the marimum number of lanes on one road being eight lanes and

equal number of lanes are used for each direction. Lanes are divided into normal lanes

and bus lanes with no bus stop signs.

tl
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On each linlq this progftrm simulates a traffic island for
pedestrians to cross over the road that divides a link into many sub-links. Changing
lane occurs at connections between zub'links.

There are two tlpes of traffic signal, traffic siguals at junctions
and tafFrc signals at cross overs.

2.2.5 TRAFFIC SIMT]LATION VERSION 1.0

This program use initially developed by the Department of Traffic
and Transportation Researclg Qivil F.ngineer, Faculty of Engineering, Chulalongkorn
University. Later in 1986, Mr. Thongchai Jintanavong of Chulalongkorn University
improved the prograrn as his Master degree's dissertation by using FORTRAN 4 (17).
The objective of his dissertation is to study fiaffic behavior around junctions. His
study was classified as a type of microscopic model.

T1ne Scanning time interval is used to simulate movement of
vehicles by calculating the position of each vehicle in each time cycle. Movement of
vehicles are considered with details of turning behavior at jrmctions including right
turns with green light signals or gap acceptance in case that a vehicle has changed
speed.

A Model of car mrivol at a junction, Time Headway is Shified
Exponential distribution or Unshified Exponential distibution or Composite
Headtray.

A Fixed-time sigrral control is used and users indicate period of
green and yellow signal and time cycle.

A Geome*ic model of each road is used for tarning behovior of
vehicles by calculating tuming radius from road length, starting point, and tunring
behavior. Moreover, the program stimulates changing lane behavior of vehicles.

the results of this program include delay value, queue length,
volume of car arrival and .departure at junction.

2.2.6 CU-TRAFFIC SIMT]LATION
CU-TRAFFIC SIMIJLATION (16) is continuously developed

from DESC @ynamic Evaluator of Signal Control). Initially, this program was a co-
operation between the Deparfrnent of Traffic and Transportation Research, Civil
Engineer, Faculty of Engineering, Chulalongkorn University, Thailand and the
Department of Traffic and Transportation Research, Civil Engineer, Faculty of
Engineering, Tokyo University, Japan. This program was tested in both Japan and
Thailand. The primary objective is to evaluate the performance of taffic control. Later
on, DESC was improved by the Department of Traffic and Transportation Research to
be used to calculate length of queue and several parts of reports with results. Then, it
was named CU-TRAFFIC SIMULATION.

$
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This program is classified as of type macroscopic and only the

case of turn-right vehicles is classified as ofmicroscopic type. In each simulation time,
the program will increase time by I secon4 and the macroscopic simulation helps to
shorten the time in simulating traffic behavior of networks while microscopic
simulation takes longer. A road network is simulated in a form of links and junctions

as nodes.

Simulation equally divides roads into blocks. When a vehicle
enters into a link at the block next second, the program will consider the volume of
vehicles entering into the next block under 2 considerations. The first consideration is
mmimumflow will be indicated by the user where flow depends on the qualification of
the link. The second consideration is thefee space that vehicles can be filled in the
next block. By this method, the program can simulate a behavior of a Horizontal
queue which is close to the real situation.

Simulation ontrffic signal control can be for both/red-time and
semi-actuafed signals. Most important it can simulate a situation where a traffic
detector is set up and produces a parameter as a result of the program.

T1ne result of the program is the delry of each approach at a
junction, total delay at a junction, volume of arrival and departure vehicles at each

linlq the parameter value of each traffic detector (taffic volume checked and average

value of time occupancy) and the length of queue at each link.

2.3 AREA TRAFFIC CONTROL SYSTEM

The Area Trafic Control System (ATC system) is the system that is used to
contol the trafFrc flow in major countries (23). They are developed by various
strategies and implemented in different computer-based (size) and technology.

23.1 I]NITED KINGDOM

2.3.l.1General
At the present time in the U.K. there are 24 signal

systems which are able to coordinate nearly 5,000 signal controllers altogether on
fixed time plans. The largest such system is in London, where computers in New
Scotland Yard are connected over telephone lines to about 1,200 signal controllers.

Many of the fixed time signal systems use timing plans

which are based on TRAI.{SYT, an oFline optimization tools which will be described

in TRAI.{SYT. Quite often the plans have been modified manually to make partial
updates that accommodate changes in the local traffic situation. Whilst overall the
fixed time signal systems have proved to be highly cost effective, experience has

shown that it is difficult to devote resources to producing completely new signal plans

as often as is desirable to maintain high efficiency. It is reported that the need for, but
burden of updating fixed time plans is a key reason why in recent years in the U.K.
most orders for new signal systems have specified traffic responsive control by

)
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SCOOT. In some places, conventional fixed time signal systems are begin replaced by
SCOOT. SCOOT is a highly automdically traffic dependent system.

23.1.2 SCOOT

SCOOT (Split Cycle and Offset Optimization
Technique) is one of the most welllorown on-line plan formation contol methods in
the world. It has been developed inthe U.K. since 1973.

In SCOOT, although pre-time plan selection is basically performed, SCOOT
has two feafures oftraffic-responsive control as follows:

a) Green splits and offsets are modified cycle by cycle around
the valus of the selection plan on real time and traffic-
responsive basis.

b) The signal plans which are loaded in the computer are
automatically updated according to the results of real time
modificdion.

The signal timing values for the plan in use are always
readjusted by means of expnential smoothing of the existing and modified values.
This automatic updating fimction asures that there are no needs not only for updating
but also for preparing any initial plms. The system can start from any arbitrary taffic
signal settings.

A detector is installed 5 to 15m from the upstream end of
each lane of the approaches of all the intersections to detect vehicle passage as well as

queue spill-back in the link (Figrc 2.1). Using a platoon flow profile similar to what
is used in TRAIItrSYT, the mrival flow at the downstream stop line is predicted and
according delay, number of stopq and queue length are estimated. To determine the
optimum green split and cycle lemgth, degree of saturatior is used. Green splits are
modified to balance the degree of sturation at each approach by small increments.
Sub-areas are fixed in the SCOOT system, and the common cycle length is updated
every 2.5 minutes between the uplrer and lower limits so that the maximum value of
degree of saturation at each appror.h in the most heavily loaded intersection would be
90%. Together with the changing of cycle time, offset decisions are made in zuch a
way that the weighted sums of deley and number of stops at each link are minimized.

The leliative effectiveness of SCOOT varies by area and
time of day but it is reported that SCOOT achieves an average saving of delay about
12 in the five areas in U.K. where itwas compared with good fixed time plans.

There are some aspecb to be considered in application of SCOOT as

follows:

a) [t is raths expensive to install and maintain a large numbers
ofdetectors

b) SCOOT cm be applied to under-saturated conditions, and is
not suitablc for highly saturated conditions.

I
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c) SCOOT may not be cost-effective for those cities where labor
costs are not very high because the greatest merit of SCOOT
is in automatic updating of timing plans.

OI.JT OF

SYSTEi,l

Ti

SYSTEbI

Figure 2.1 Typical Layout of Loop Detectors for SCOOT (23)

2.3.2 FRANCE

More than 50 French cities, representing almost all of the
cities of more than 80,000 inhabitants are now equipped with centalized traffic signal
systems.

A typical example of control strategies in France is as

follows. The intersections in the contol area are divided into a number of sectors

based on the analysis of the coherence of the traffic in a given sector as compared to
the others. A sector may comprise from l0 to 50 intersections. The sfiategies at the
area level are based on the automatic selection of pre-computed taffic plans. The
selection process works in two steps.

Firstly, the selection at the sector level is made in the
following ways, unless any predictable variations of traffic flow occur in some sector,
for example the end of lvork of a big factory or a big sporting event. Automatic
analysis of the traffic every 3 minutes with either of nvo different processes are made
depending on the level of congestion in the selected links:

a) if the level of congestion in these links is under a given threshold, the
most suitable pattern of parameters is selected. The measurements use a
linear combination of occupancy and volume and they are smoothed over
l2 minutes periods-

b) If the level of congestion in the selected links of the sector exceeds the
threshold, then the selection process uses only a subset of the

I
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measurement points in order to gle a marked priority to the relief of the
congestion in the selected links.

After the isolated selection of a taffic plan by each sector,

eventually some adjus0nents between sectors and made by taffic engineers in order to
modiff this choice to take into consideration a special problem in a sector or group of
secrors. For example, if a given sector has chosen a taffic plan for congestion and if
the surrounding sectors are non-congested, it may be wise to modiff the choice of the

surrounding sectors in order to restict the incoming flow and to allow a fast exit from
the congested sector.

The switching process from a given haffic plan to another

takes generally one to two cycles, exceptionally three.

Next to the plan selection for each sector, some automatic

local modification may be made by the central computer on a cycle by cycle basis for
individual intersections. The use of stmdard vehicle actuated control is usually limited
to some periods of the nighttime with very little taffic flows. Anti-congestion actions

are performed to protect the pre-selected low capacity links from over-saturation by
storing the excess of vehicles in the neighboring links with higher storage capacrty.

Special congestion detectors are installed at the end of the low capacity links and the
green times of the high capacity links feeding the low capacrty ones are modified at

each cycle according to the level of congestion on these detectors.

233 AUSTRALIA

23.3.1Gcneral
There are about 5,500 traffic signals in Austali4

most of which are installed in capital cities each with a population of I million or
more. Confiol methods of the ATC systems in Australia can be classified into four
types as follows:

a) fixed-time contol which is still used in some parts of the Melbourne
CBD

b) traffic-adaptive selection of preset signal plans according to the
information from strategically located detectors which is used in some

arterial roads in Brisbane

c) linked vehicle-actuated (VA) contol in which VA intersection
controllers are used in a fixed'time area control system, e.g. in parts of
the Melbourne, Adelaide md Brisbane CBD's

d) traffic responsive contol using the Sydney Coordinated Adaptive Traffic
System (SCAT)

2.3.3.2 SCAT
SCAT (Sydney Coordinated Adaptive Traffic

System) is anotler resent research pnoduct of onJine plan formation control and

developed by the Department of Main Roads, new South Wales (DMR-NSW) in the

I
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last decade in Austalia Over 3,000 signalized intersections in the world are now in
operationunderthe confiol of SCAT as seen intable 2.1

Table 2.1 hnplementation of SCAT as of September 1987 (23)

City Number of signals
connected to SCAT

Number of regional
computers

C

Sydney & other"NSW cities

Melbourne

Adelaide

Perth

Canberra

Hobart

Darwin

New Zealand cities

Shanghai

Tianjin

Singapore

1,350

984

300

t24

60

60

t2

270

30

20

24

t7

t4

6

2

I

2

I

8

I

I

I

Total 3234

At all intersections under SCAT confiol loop
detectors are required on all of the approach lanes at the location of 1.5m upstearn
from the stop lines except on the exclusive left tum lanes. In a SCAT system, the
whole area is divided into smaller sub-areas of about one to l0 signalized intersections
that share a common cycle time. The common cycle time is updated every cycle in
steps of up to 6 sec according to the degree of satuation of that sub-area. Green times
are so contolled cycle by c,vcle that the degrees of saturation of the phases of an
intersection come closer. Various VA control tactics are also available. Each sub-area
has five is selected in a traffic-responsive manner.

It is reported that SCAT was found to be
particularly successful in reducing stops compared with a fine-tuned fixed time control
which was optimized using TRANSYT.

The detectors installed closed to the stop line as

shown in Figure 2.2 contribute to observe the degree of saturation precisely in
response to the variation of traffic flow. This detector layout, however, makes it
impossible to measure the flow profile, therefore the offset plans cannot be formed in
SCAT but should be produced by an off-line tool such as CLOFFSET.

54
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It should be noted that SCAT is applicable to
under-saturated taffic conditions. The detector locations of SCAT which is
immediately upstream of stop lines are suitable for measuring the degree of saturation

only in the range of low degree of saturation.

vEHrcLE -+n
I'IOVEh,iENT )E

Figure 2.ZTypieallayout of Loop detectors of SCAT (23)

2.3.4 USA
From 1968 to 1975 n the USA, the Urban Traffic

Control System (UTCS) project was established by the Office of Research of the
Federal Highway Administation (FttWA). The objective of this project was to
develop and test new computer-based control strategies under real world conditions.
The control strategy research associated with the UTCS project has been divided into
three generations:

a) First generation control - pre-stored timing plans developed by offJine
a an optimizationtechnique

b) Second generation contol - computers timing plans onJine based on
current taffic data

c) Third generation control - computes timing plans on a cycle-by-cycle
basis

The Institute of Transportation Engineers prepared a

report in January 1987 based on a survey of taffic signal systems in the United States
and Canada A total of 245 traffic signal systems were identified with 143 in
operation, 58 list of systems in shown in Table 2-2whrch includes only those systems
in the United States that have over 100 signalized intersections and 150 detectors.

About one-half of these systems use a UTCS-based
software and the others use different software which have been developed by leading
manufactures and system consultants, ilily of which utilize knowledge gained from
the earlier UTCS experiments.

{l

=.lH '.'Ud"'
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Most of the systems in operation today use conventional
plan selection control (first generation control). The timing plans are established by
using offline optimization tools like TRANSYT. A few on-line contol strategies

based on current taffic data (the one and half - to the second generation control) are

begin applied experimentally in some of the systems.

Table 2.2 Selected Traffic Signal System in U.S.

State City Type ofSoftrvare No. of
signals

No of
detectors

a
AL

AR

CA

CT

FL

ID

IN

KY

LA

MN

NC

NC

NE

NV

NY

NY

NY

NY

TN

TX

VA

Birmingham

Little Rock

Los Angeles

Hartrord

Dade Cormty

Ada County

Evansville

Lexington

New Orleans

Minneapolis

Durham

Winston-Salem

Lincoln

Las Vegas

Nassau County

Nassau County

New York City

Rochester

Knoxville

Dallas

Arlingion CiU

Compufran

Honeywell

UTCS Enhanced

UTCS Enhanced

UTCS FORTRAN

Honeywell

CompuEan

Computran

UTCS FORTRA}{

CSE

Sperry SRT

UTCS 2nd Generation

UTCS FORTRANI

UTCS Extended

Sperry SRT

Other CSI - FORTRA]{ IV

OtherNYC VTCS

UTCS FORTRA}I

OtherMTCS

UTCS FORTRAN

Sperry SRT

278

t46

118

128

1,500

149

207

244

206

705

164

2tt
205

345

313

120

3,000

312

165

206

194

185

400

396

255

1,400

300

350

228

264

450

180

548

400

1,080

190

190

2,700

405

277

353

233
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2.3.5 JAPAIT

235,.1General
Table 2.3 shorvs the numbers of taffic signal

controller intersections of various types in Japan as of March 1987. The total rrumber

of traffrc signals is approximately 122,000 out of which 34,500 are in the area contol
systems in 74 cities. The contol principle of the area control is basically conventional

traffrc-adaptive plan selection type. Green times of the critical intersections, however,

are uzually controlled in the manneroftaffic-responsive plan-formation method.

A whole area of a system is divided into a

number of sub-areas in such away that the taffic condition varies in a similar manner

within a sub-area The sienal timings that are cycle length, green splits and offsets are

ll determined for each of the subareas individually in principle.

Ultasonic vehicle detectors are usually used

mainly because of maintenance r@sons. The vehicle detectors are installed at 150 to

200 meters upstream of the stop lines of all the approaches of major intersections.

Since traffic-adaptive plan selection control is a

widely used control method intheworld today, the way in which the plans are selected

in the Tokyo system is descriH in detail n2.3.5.2 as a tlpical example of this type

of control.

I
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Type Number of Traffic Signalized Control
Intersection

*

Area Contol (74 cities)

Coordinated (3,886 grouPs)

Traffic-responsive

Pretimed multi-program

Pretimed single-pro gram

Coordinated push button

Isolated

Full taffic-actuated

Semi traffic-actuated

Bus/rail-responsive

Pretimed multi-pro gram

Pretimed sin gle-pro gram

Push button

Others

34,510

19,499

5,247

12,584

460

1,208

67,795

1,039

6,439

390

39,223

588

19,471

645

I

Total 121,804

2.3.5.2 Tokyo System

MYahrc,the measure of traffic conditions (23)

A weighted sum of volume (If and occupancy (O),

M,jo = a*Vy* +b* Oij*

is used as the meaiure of the traffic condition of the ie approach of the j6
phase at the kfr intersection. The weighting factors a and b are so determined t:mrt a*V
is roughly equal to b*O w'hen traffic is near-saturated. The value of Mis considered to
be a good measure of degree of saturation of the approach in under - to near-saturation

conditions.

Cycle length

Cycle length of a sub-area is determined in such a way as follows:

The Mvalue of the jth phase of the ks major intersection is defined as

M jo = uax,ltl,,o)

where .i is the approach number.*
Copyright by Mahidol UniversityCopyright by Mahidol University
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The Mvalue of the k6 intersection is defined as

The cycle length for the ke major intersection Ct is dstermined depending on

the Mr value in zuch a way that Cr. is longer when the Mr, value is larger as shown in
Figtne 2.3 arrd 2.4. The cycle time of the sub-area C is determined as the largest of
Cr's for all k in the sub-area

When the difference in the cycle times that are selected in the above

mentioned manner between tle two adjacent sub-areas is smaller than a preset value,

the longer cycle time is used as the common cycle time for both of ttre two sub-areas.

This procedure of cycle time determination is carried out every 5 to l5 minutes.

Green sPlit

Green splits of major intersections are determined based on the M values of
the phases as shoum in figure 2.4. At critical intersections program formation type of
.ootol is used in near-saturation conditions. The average detector pulse length is

upsteam from the stop lines. This value which is called P value has been found to be a

glod indicator of the degree of saturation of the stop line and is used to control green

Sntr so that atl the phases are saturated to nearly the same extent. Green times of all

the phases are reallocated every cycle depending on the P values of last cycle in zuch a

*uy ttrut the green time of a phase is increased/decreased when the P value of the

phase is above/below the average of all the phases.

This method has advantages over the conventional vehicle-actuated control

in two aspects. Firstly there is no difficulty in maintaining the given cycle time.

Secondly there is no need to shut down the pedesfiian flows mlier than the vehicular

flows. in tn" conventional vehicle-actuated control pedestian flows should be

terminated before the vehicular extension period. This tends to cause too long cycle

times and pedesfiian complaints as well. ln the method mentioned above, however,

there is no need of early cut of pedestian flows because the green times are decided

before the cycle starts so that sudden end of green is necessary.

In case of over-saturated conditions at critical intersections queue length-

responsive contol of split is used- Vehicle detectors are installed at locations of 300,

500 and 1,000 meters upsteam of the stop line to measure the queue length and the

green times are so confiolled that the length of the queue of the conflicting phases

become closer to each other.

Offsets

Offset program selection is carried out every 5 minutes but there is a limit of
minimum time of use of an offset program so that any one of the offset progrzrms

should stay in use at least for 15 minutes once it becomes in use. In case a new

pro$am is selected before expiration of the minimum time of the current keeps

itayrrg in use. This is for the purpose of avoiding too frequent disturbances caused by

offset transition from one program to another which takes up to four cycles.

Mo=ZM*
h

t

t

a
Copyright by Mahidol UniversityCopyright by Mahidol University



I
Nipon Sriyen

M Value ol lhe intersec,tion

C Figure 23 Cycle Length Selection (23)

When a queue spills back from the downsfeam intersection to the exit area

of the upsfieam intersection, the green time for this direction at the upstream

intersection cannot be fully utilizedhcause of the reduced saturation flow rate.

Review of Literature / 18

M Value ol M Vdua ol
Phasel Ptffil

hl Value ot Phase I M Vdua ol Phasel

Figure 2.4 Green Split Prograrn Selection (23)
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2.4 OFF-LINE OPTIMIZA'TION TOOLS

For plan selection type of signat contol, off-line preparation of signal t'ming

plans is essential. Though taffic engineers can deterrrine them manually, since it
requires much skill and time to produce signal plan manually, computer-based

*"tltodt of calculating these plans are now widely used'

2.4.1TRANSYT
Several optimization programs for an area-wide control have been

developed in the world. Most commonly used software is the TRAI.ISYT (TRAffic

Network Study Tool) method in U.K. @obertson et al, 1968).

TRAIISYT uses a static network simulation model in which traffic

flow in a study network is expressed by the cyclic flow profile assuming that the traffic

arrival and departure are identical in every cycle. The geometry of the networks and

traffic volumes should be given in advance as the input data. TRANISYT optimizes

mainly offsets so that a weighted sum of delay and number of stops in the area is

minimized in a similar manner to a tial and error method. Several values of cycle

times and green splits are tested if so commanded and the optimal ones are searched. It
can be run on standard microcomputer.

It is reported that use of TRA}{SYT method for fixed time

coordination is likely to yield savings in delay by 20to 40% depending on the network

configuration in the under-saturated conditions compared with isolated vehicle-

actuated operation.

2.4.2 Others
There are several other optimization tools-

In French cities, in addition to TRAI.{SYT a French progam

THEBES which is similar to TRAI',{SYT is used to optimize coordination. UTCS

which is widely used in U.S. is said to utilize the method similar to TRAI'{SYT. In the

F.R. of Gennany, a new optimization procedure for network traffic signal control is

begin developed. This procedure which has been named SIGMA (SIGnal

MAnagement) is to make use of experiences gained with various models known

intemationally, e.g. SIGOP, combination method, TRAI'{SYT and MTROP.

2.4.3 Problems

a) In order for traffic engineers to use these tools, an enortnous amount of
input data such as phase arangements, green splits for the phases,

volumes of all directions, and link length are required. Cost and labor for
preparing those input data, especially for carrying out field traffic survey

are often more than what the traffrc engineers can afford. This is the

major reason why the signal plans are generally not updated as frequently

as desired and get obsolete world wide

]
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b) These off-line optimization tools are mainly or only concerned with
under-saturated conditions. In heavy taffic conditions like in most of
Japanese cities, the signal plans produced by these tools are not suitable.

2.5 CONTROL STRATEGTES OF TRAFFIC SYSTEM

Table 2.4 Summary of control strategies of the taffic contol system

svstem cycle split offset Location of Detectors

PS PF PS PF VA PS PF

a
Exisdng * IT FT FT No detectors

Bangkok's

UTCS * TR TR TR

Japan * TR TR FB TR 150 to 200 m upstream
from stop line

SCAT * FB FB TR Close to stoP line

SCOOT * FB FB FB Upsteam end of the
links

Legends PS: Plan Selection

PF: Plan Formation

VA: Vehicle Actuated

FT: Fixed Time

TR: Traffic Responsive

FB: Feed-Back

* : Adaptation of under-saturation traffrc flow

The simplest form of plan forrration is vehicle-actuated (VA) control of
green times rvhich is not linking control but localized split control. Vehicle arrivals at

an approach are detected by a vehicle detector and the green time to the approach is

extended when the vehicles arive continuously with the headway shorter than a
certain preset value which is usually 2 to 3 seconds.

3
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2.6 METHODS FOR COPING WTTH TRATTIC CONDMON VARIATION

Signal timings should be changed according to change of taffic conditions.

Even for the same amount of taffic demand, longer green time should be given if the

road capacity is reduced. There are several ways to change signal timings to cope with

road and traffic conditions. These are grouped into the three major tlpes of control

methods as shown in Table 2-5.

Table 2.5 Matrix of ATC methods

I
Pretimed

Control

Traffrc-responsive

Control

PIan Selection Pretimed Multi-plan
Selection

Traffic-adaptive Multi-
plan Selection

Plan Formation Non Existing Traffic-responsive Plan
Formation

r)

2)

3)

Plan selection means that one of several preset plans prepared o$line in
accordance with pattems of traffic condition is selected according to the
preset time or fixed interval.

Plan formation mearui that signal timing control is prepared on the basis

of cycle-to-cycle fluctuations in traffic demand as indicated by detectors.

Pretimed plan selection contol, 1fos simplest method of signal timing
control is pretimed plan selection control in which one out of several
preset signal timing plans is selected to switched into operation according
to the preset time schedule usually depending on time of day and day of
week.

TrafEc-adaptive plan selection control, the second simplest form of
signal timing control is taffic adaptive plan selection control in which
one out of several preset plans is selected to be put into use depending
upon the prevailing traffic condition as being measured by the vehicle
detector. The selection of plans is carried out usually once every 15

minutes, that means that a traffic condition in the last 15 minutes
determines the signal plan for the coming 15 minutes.

I
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CIIAPTER III

QIIET'ING TIIEORY

3.1 INTRODUCTION
The snrdy of waiting lines, called queuing theory, is one of the widely used

quantitative analysis techniques. Waiting lines are an everyday occulrence. Queues,
another term for waiting lines, may also take the form of machines waiting to be
repaired, trucks in line to be unloade4 or airplanes lined up on a runway waiting for
permission to take off The three basic components of a queuing process are arrivals,
service facilities, and the actual waiting line.

3.2 CHARACTERTSTTCS OF A QTIEITTNG SYSTEM

There are three parts of a quzuing system:

l. The arrivals or input to the system (refened to as the calling population)
2. The queue or the waiting line
3. The service facility

3.2.1 Arrival characteristics

The input source that generates arrivals for the sen ice system has

three major characteristics. It is important to consider the size of the calling
population, the pattern of arrivals at the queuing system, and the behavior of the
arrivals.

Size of the Calling Population. Population sizes are considered
to be either unlimited (essentially infinite) or limited (Snite). When the number of
arivals on hand at any grven moment is just a small portion of potential arrivals, the
calling population is considered unlimitetl. For practical purposes, we use examples of
unlimited populations. Most queuing models Etssume such an infinite calling
population. When this is not the case, modeling becomes much more complex.

Pattern of Arrival at the System. The arrivals at a service
facility according to some known schedule (for example, one patient every 15 minutes
or one student for advising every half-hour) or else they arrive randomly. Arrivals are
considered random when they are independent of one another and their occurrence
cannot be predicted exactly Frequently in queuing problems. the number of arrivals
per unit of time can be estimated by a probability disnibution known as the Poisson
distribution. For any glven arrival rate, such as two customers per hour. or four trucks
per minute, a discrete Poisson distribution can be established by using the following
formula. (6)

f(x)= + forX: 0,12,3A,...
x!

where P(X) : probability ofX arrivals,

a
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: number of arrivals per unit of time,

= average arrival mte, and

:2.7183.

Behavior of the Arrivals. Most queuing models assume that an

arriving customer is a patient customer. Patient customers are people or machines that
wait in the queue until they are served and do not switch between lines. Unforhrnately,
life and quantitative analysis are complicated by the fact that people have been known
to balk ot renege. Balking refers to customers who refuse to join the waiting line
because it is too long to suit their needs or interests. Reneging customers are those

who enter the queue, but then become impatient and leave without completing their
transaction Actually, both of these situations just serve to accentuate the need for
queuing theory and waiting line analysis.

3.22 Waiting line characteristic

The waiting line itself is the second component of a queuing

system. The length of a line can be either limited or unlimited. A queue is limited
when it cannot, by law or physical resfiictions, increse to an infinite length.

A second waiting line characteristic deals with queue discipline.
This refers to the nrle by which customers in the line are to receive service. Most
systems use a queue discipline known as the first-in, first-out rule (FIFO). Patients

who are critically injured will move ahead in teatuent priority over other patients.

Computer programming runs are another example of queuing system that operate

under priority scheduling. ln most large companies, when computer-produced
paychecks are due out on a specific date, the payroll program has highest priority over
other runs.

3,23 Serice facility characteristic

The third part of any queuing system is the service facility. It is
important to examine two basic properties: the configuration of the service system and

the pattern of service times.

Basic queuing system confrgurations. Service systems are

usually classified in terms of their number of channels, or number of servers, and

number of phases, or number of service stops, that must be made. A single-channel
system, with one seryer, is typified by the drive-in bank that has only one open teller,
or by the tlpe of drive-through fast-food restar:rant If, on the other hand, the bank had

several tellers on duty, and each customer waited in one common line for the first
available teller, then we would have a multiple-channel system at work.

A single-phase system is one in which the customer receives
service from only one station and then exits the system. A fast-food restaurant in
which the person who takes order also brings the food and takes money is a single-
phase q,stem. But if the restaurant requires to place your order at one station, pay at a

second, and pick up the food at a third service stop, it becomes a multiphase system.

x
1.

e

l

?
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Service time distribution. Service patterns are like arrival
patterns in that they may be either constant or random. If service time is constant it
takes the same amount of time to take care of each customer. This is the case in a
machine-performed service operation such as an automatic car wash. More often,
service times are randomly distributed. In many cases, it can be assumed that random
service times are described by the negative exponential probability distribution This
is a mathematically convenient assumption if arrival rates are Poisson distributed.

The exponential disribution is important to the process of
building mathematical queuing models since many of the model's theoretical
underpinnings are based on the assumption of Poisson arrivals and exponential
services. Before they are applied, however, the quantitative analyst can and should
observe, collect, and plot service time data to determine if they fit the exponential
distibution.

a

a
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Arrivals

Figure 3.1 Single-Channel, Single-Phase Queue System

Frgure 32 Single-Channel, Multiphase Queue System

Figure 33 Multi-Channel, Single-Phase Queue System

Departure
after

Service

t

Queue

o

Figure 3.4 Multi-Channel, Multi-Phase Queue System
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3.3 STNGLE-CHAI\NEL QIIEUTNG MODEL
In this study, a single-channel queuing model with Poisson arrivals and

Exponential service times is selected for approach. An important measwes of
performance in a typical service system can be determined by an analytical approach.

Once these numeric measures have been computed, it will be possible to add in cost

data and begin to make decisions that balance desirable service levels with waiting
line sen'ice costs.

Assumptious of the model

The single-channel, single-phase model considered here is one of the most

widely used and simplest queuing models. It assumes that seven conditions exist:

1. Arrivals are served on a first-in, first-out (FIFO) basis.

2. Every arrival waits to h served regardless of the length of the line; that is

, there is no balking orreneging.

3. Arrivals are independent of preceding arrivals, but the average nurnber of
arrivals (the arrival rate) does not change over time.

4. Arrivals are described by a Poisson probability distribution and come

from an infinite or very large population.

5. Service times also vry from one customer to the next and are

independent of one another, but their average rate is known.

6. Service times occur according to the negative exponential probability
distribution.

7 . The average service rate is greater than the average arrival rate.

When these seven conditions are met, we can develop a series of equations

that define the queue's operating chamcteristics.

Queuing equations (6)

Let L : mean nurnber of arrivals per time period (for exarnple, per

hour)

p = mean number ofpeople or items served per time period

The queuing equations follow:

l. The average number of customers or units in the system, L; thx is, the

number in line plus the numberbegin served:

t_ 1
p- ).

2. The average time a customer spends in the system, W; that is, the time
spent in line plus the time spent being served:

p- )"

3. The average number of customers in queue, Zr.'

*

l{-
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t- )t'
"n-@

4. The average time a customer spends waiting in the qteue, Wr:

1u/ --"o- p(p-A)

5. The utilization factor for the system, P, &at is, the probability that the

service facility is being used:

)"
p =-p

6. The percent idle time, Po; tlrat is, the probability that no one is in the

system:

z =l-L"p
7. The probability that the number of customers in the system is greater than

h Pori

D -( n\0.'
tn>k -l I\p)

a

a
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3.4 MT]LTI-CHAi{i\IEL QT'EUING MODEL
In which two or more servers or channels are available to handle arriving

customsrs. Let us still assr:me that customers awaiting service from one single line

proceed to the first available server. An example of such a multi-channel, single-phase

waiting line is found in many $anks. A common line is formed and the customer at the

head of the line proceeds to the first free teller.

The multiple channel system presented here assumes that arrivals follow a

poisson probability disfibution and that service times axe exponentially distibuted.

Service ii fgst come, first serve4 and all seryers tue assumed to perform at the sarne

rate. Other assumptions listed arlier for the single-channel model apply as well.

Equations forMulti+hannel queuing modet (6)

t Let M equal the number of channels open" then the following formulas may

be used in the waiting line analysis

1,: average arrival rate

p: average service rate at each channel

The probability that ae 0 customers or units in the system:

D-rg - for Mu> I

The average number of customers or units in the system:

, - *(%)
-- (M -r)t(up-^T*.1

t 
The average time a unit spends in the waiting line or being serviced:

r(%Y -, L
w= 1r'ffiq'o* o=7

The average number of customers or units in line waiting for services:

t -r 
)'

", - "-i
. The average time a customer or unit spends in the queue waiting for service:

w,=w -;=+

t(l"Y Mur-l-l' utlp) Mp-1

*.
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3.5 CONSTAI\T SERVICE TIME MODEL
Some service systems have constant serrrice times instead of exponentially

distributed times. When customers or equipment are processed according to a fixed
cycle, as in the case of an automatic car wash or an amusement park ride, constant

service rates are appropriate. Because constant rates are certain, the values fot Lq,Wq,

L, atd W are always less than they would be in the models, which have variable
service times. As a maffer of fact, both the average queue length and the average

waiting time in the queue are halved with the constant service rate model.

Equations for the constant service time model (6)

Constant service model formulas follow:

1,MP

a

l. Average length of the queue:

t_ fr
"n - zp?t- 1)

2. Average waiting time in the queue:

*r=h
3. Average number of customers in the system:

L = L,+7'lt
4. Average waiting time in the system:

t
W =wr+)

3.6 MORE COMPLEX QUEUING MODELS Ar{D STMULATTON

Many practical waiting line problems that occru in production and operations

service systems have characteristics like single- or multiple-channel waiting line, with
Poisson arrivals and exponential or constant service times, an infinite calling
population, and first-in, first-out service.

Often, however. variations of this specific case are present in an analysis.

Service times in an automobile repair shop, for example, tend to follow the normal
probability distribution instead of the exponential. A college registration system in
which seniors have first choice of courses and hours over all other sfudents is an

example of a first-come, first-served model with a preemptive priority queue

discipline. A physical examination for military recruits is an example of a multiphase
system - one that diflers from the single-phase models. A recruit first lines up to have3
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blood &awn at one station, then waits to take an eye exam at the next station, talks to
psychiatrist at the third, and is exarrined by the doctor for medical problems at he

fourth. At each phase, the recruit must enter another queue and wait his or her turn.

Models to handle these cases have been developed by operations researchers.

The computations for the resulting mathematical formulations are somewhat more

complex. And many real-world queuing applications are too complex to be modeled

analytically at all. When this happe,ns, quantitative analysts usually hrn to computer

simulation.

Simulation is a technique in which random numbers are used to draw

inferences about probability distibutions (such as arrivals and services). Using this

approach, many hours, days, or months of data can be developed by a computer in a
few seconds. This allows analysis of contollable factors, such as adding another

service channel, without actually doing so physically. Basically, whenever a standard

analytical queuing model provids only a poor approximation of the actual service

system, it is wise to develop a simulation model instead.

3.7 STTMMARY

Waiting line and service systems are important parts of the business world.
The description of several common queuing situations and presented mathematical

models for analyzing waiting lines follow certain assumptions. Those assumptions

rvere that:

1. arrivals come from aninfinite, or very large population

2. arrivals are Poisson disfributed

3. arrivals are treated on a fust-in, first-out basis and do not balk or renege

4. service times follow the negative exponential distribution or are constant

5. the average service rate is faster than the average arrival rate

The models illusrated for single-channel, single-phase and multiple-channel,
single-phase problems.

Key operating characteristics for a system were shown to be:

1. utilizationrate

2. percent idle time

3. average time spent waiting in the system and in the queue

4. average number of customers in the system and in the queue

5. probabilities of various numbers of customer in the system

It was emphasized that a variety of queuing models exist that do not meet all
of the assumptions of the traditional models. In these cases, we can use a technique

called computer simulation instead-

?

+
Copyright by Mahidol UniversityCopyright by Mahidol University



I

t

Faculty of Engineering, Mahidol University M.Sc. (Tech of info. sys. mgnt.) / 3l

CIIAPTER TV

SIMI'LAIION

4.1 INTRODUCTION
The technique for using computers to imitate, or simulate, the operations of

various kinds of real-world facilities or processes. The facility or process of interest is
usually called a system, and in order to study it scientifically we often have to make a
set of assumptions about how it works. These assumptions, which usually take the
form of mathematical or logical relationships, constitute a model that is used to try to
gain some understanding ofhowthe corresponding s1'stem behaves.

Applications areas for simulation arc numerous and diverse. Below is a list
of some particular kinds of problems for which simulation has been found to be a
useful and powerful tool:

1) Designing and anatping manufacturing systems

2) Evaluating hardware and software requirements for a computer system

3) Evaluating a new military weapons system or tactic

4) Determining ordering policies for an inventory system

5) Designing communications system and message protocols for them

6) Desiping and operating transportation facilities such as freeways,
airports, subways, or ports

7) Anallzing financial or economic systems

4.2 SYSTEMS, MODELS, AIYD SIMUT,A-TION

A system is defined to be a collection of entities, e.g., people or machines,
that act and interact together toward the accomplishment of some logical end. [This
definition was proposed by Schmidt and Taylor (1970).1 The collection of entities that
compose a system for one study might be only a subset of the overall system for
another. For example, if one wants to study a bank to determine the number of tellers
needed.to provide adequate service for customers s'ho want just to cash a check or
make a savings depsit, the system can be defined to be that portion of the bank
consisting of the tellers and the customers waiting in line or being served. If, on the
other hand, the loan officer and the safety deposit boxes are to be included, the
definition of the system must be expanded in an obvious way.

Tlte state of a system to be tl,lat collection of variables necessary to describe a

system at a particulartimg relative to the objectives of a study.

i
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The systOm can be categorized into two types, discrete and continuous.

A discrete system is one for which the state variables change instantaneously
at separated points in times. A bank is an example of a discrete system.

A continuous system is one for which the state vmiables change continuously
lvith respect to time. An airplane moving through the air is an example of a continuous
system.

Few systems in practice are wholly discrete or wholly continuous, but since
one type of change predominates for most systems, it will usually be possible to
classiff a system as being either discrete or continuous.

Figure 4.1 Ways to study system

At some point in the lives of most systems, there is a need to study them to
try to gain some insight into the relationships among various components, or to predict
performance under some new conditions being considered.

Experiment with a Actual System vs. Experiment with a Model of the
System: If it is possible (and cost-effective) to alter the system physically and then let
it operate under the new conditions, it is probably desirable to do so, for in this case
there is no question about whether what we study is relevant. However, it is rarely
feasible to do this, because such an experiment would often be too costly or too

I
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disruptive to the system. When using a model, there is always the question of whether
it accurately reflects the system for the purposes of the decisions to be made.

Physical Model vs. Mathematical Model: The word *model" evokes
images of clay cars in wind tunnels, cockpits disconnected from their airplanes to be
used in pilot taining, or miniature supertankers scurrying about in a swimming pool.
These are examples of physical models (also called iconic models), and are not typical
of the kinds of models that are usually of interest in operations research and systems
analysis. Occasionally, however, it has been found useful to build physical models to
study engineering or management systems; examples include tabletop scale models of
material-handling systems, and in at least one case a full-scale physical model of a
fast-food restaurant inside a warehouse, complete with full-scale, real (and presumably
hungry) huntans [Swart and Donno (1981I. But the vast majority of models built for
such purposes are mathematical, representing a system in terrrs of logical and
guantitative relationships that are then manipulated and change to see how the model
reacts, and thus how the system would react - if the mathematical model is a valid
one. Perhaps the simplest example of amafhematical model is the familiar relation d:
rr, where r is the rate of travel, r is the time spent traveling, and d is the distance
traveled. This might provide a valid model in one instance, but a very poor model for
other purposes.

Analytical Solution vs. Simulation: Once we have built a mathematical
model, it must then be examined to see how it can be used to answer the questions of
interest about the system it is supposed to represent. If the model is simple enough, it
may be possible to work with its relationships and quantities to get an exac! analytical
solution. If an analytical solution to a mathematical model is available and is
computationally efficient, it is uzually desirable to study the model in this way rather
than via a simulation. Howevel many systems are highly complex, precluding any
possibility of an analytical solution. ln this case, the model must be studied by means
of simulation.

4.3 DISCRETE.EVENT SIMULATION
A Discrete-event simulation concerns the modeling of a system as it evolves

over time by a representation in which the state variables change instantaneously at
separate points in time. ln mathematical terms, we might say that the system can
change at only a countable number of points in time. This point in time are the ones at
which an event occurs, where an event is defined as an instantaneous occurrence that
may change the state of the system. Although discrete-event simulation could
conceptually be done by hand calculation, the amount of data that must be stored and
manipulated for most real-world systems dictates that discrete-event simulations be
done on a digital computer.

I
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4.3.1 Time-Advance Mechanisms

Because of the dynmic nature of discrete-event simulation models, we must

keep track of the current value of simulated time as the simulation proceeds, and we

also need a mechanism to advance simulated time from one value to another. We call

the variable in a simulation model that gives the current value of simulated time the

simulation clock. The unit of time for the simulation clock is never stated explicitly
when a model is written in a general-putpose language such as FORTRAI{, Pascal or

C, and it is assumed to be in the same units as the input parameters. Also, there is

generally no relationship between simulated time and the time needed to run a

simulation on the comPuter.

Historically, two principal approaches have been suggested for advancing the

simulation clock' next-event time advance arld fued-increment time advance. Since

the first approach is used by all major simulation languages and by most people coding

their model in a general-purpose language, and since the second is a special case of the

first, we shall use tle next-event time-advance approach for all discrete-event

simulation models.

With the next-eveff time-advance approach, the simulation clock is

initialized to zero and the advanced to the time of ocfllrrence of the most imminent

(first) of these future events, at which point the state of the system is updated to

account for the fact that an event has occurred, and our knowledge of the times of
occurrence of future events is also updated. Then the simulation clock is advanced to

the time of the (new) most imrrinent event, the state of the system is updated, and

future event times are determined, etc. This process of advancing the simulation clock

from one event time to another is continued until eventually some prespecified

stopping condition is satisfied- Since all state change occur only at event times for a
disliete-event simulation model, periods of inactivity are skipped over by jumping the

clock from event time to eveuttime. (Fixed-increment time advance does not skip over

these inactive periods, which cu.n eatup a lot of computer time) ft should be noted that

the successive jumps of the simulation clock are generally variable (or unequal) insize.

We now illustrate in detail the next-event time-advance approach for the

single-server queuing system- We using following notation:

{ : time of anival of the fh car (ro = 0)

Ai: ti- tr,r = interarrival time between(.i - 1)

4.3.2 Components and Organization of Discrete-Event'Simulation Model

Although simulation has been applied to a great diversity of real-

world systems, discrete-evEnt simulation models all share a number of common

components and there is a logical organization for these components that promotes the

coding, debugging, and future changing of a simulation model's computer program. In
particular, the following components will be found in most discrete-event simulation

models using the next-event rime advance approach:

*
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Sptem stale:, The collection of state variables necessary to
describe the system at a particular time.

simulated time
Simulation clock: A variable giving the current value of

Evmt ftsr: A list containing the next time when each type of event
will occur.

Statistical counler: Variables used for storing statistical
information about system performance

Initialization rotrtine: A subprograrn to initialize the simulation
model at time zero.

TinW rouline: A subprogram that determines the next event
from the event list and then advances the simulation clock to the time when that event
is to occur.

Event routine: A subprogram that updates the system state when
a particular type ofevent occurs (there is one event routine for each event type).

Library rouline^s: A set of subprogram used to generate random
observations from probability distibutions that were determined as part of the
simulation model.

Rqort generaton A zubprogram that computes estimates (from
the statistical counters) of the desired measiures of performance and produces a report
rvhen the simulation ends.

Main progrumi A subprogram that invokes the timing routine to
determine the next event and then fiansfers contol to the corresponding event routine
to update the system state appropriately. The main program may also check for
termination and invoke the report generator when the simulation is over.

The logical relationships (flow of control) among these

components is shown in Figure 4.2. The simulation begins at time 0 with tle main
progrrlm invoking the initialization routine, where the simulation clock is set to zero,
the system state and the statistical cormters are initialized, and the event list in
initialized. After control has been retumed to the main program, it invokes the timing
routine to determine which type of event is most imminent. If an event of tlpe I is the
next to occur, the simulation clock is advanced to the time that event type I will occur
and control is returned to the main program. Then the main program invokes event
routine I, where typically three tSpes of activities occur:

l) the system state is updated to account for the fact that an event of type I
has occurred

2) information about system performance is gathered by updating the
statistical counters

3) the times of occurrence of future events are generated and this
information is added to the event list

t
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Often it is necessary to generate random observations from
probability distributions in order to determine these futrne event times; we will refer to

such a generated observation as a random variant. After all processing has been

completed, either in event routine I or in the main progfttm, a check is typically made

to determine (relative to some stopping condition) if the simulation should now be

tenninated. If it is time to terminate the simulation, the report generator is invoked

from the main program to compute estimates (from the statistical counters) of the

desired me.lsures of performance md to produce a report. If it is not time for
termination, control is passed back to the main pro$am and the main program-timing

routine-main program-event routine-termination check cycle is repeated rmtil the

stopping condition is eventually satisfied.

3
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Initialization routine

Figure 4.2 Flow of control for the next-event time-advance approach
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0. lnvoke the initialization
routine

l. Invoke the timing routine

l. Invoke eYent routine i

Is
Simulaion

over ?

Set simulation clock = 0
Initialize s)'stem state

and statistical counErs
Initialize event list

l. Determine the next
event type, say i

2. Advance the
simulation clock

t. Invoke the initialization
routine

2. lnvoke lhe timing routine

3. Invoke event routine i

Set simulation clock = 0
Initialize system state

and statistical counters
Initialize event list

Event routine i
Library routine

Repon gelerator

+
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4.4 STMIILATION OX'A SINGLE-SERVER QUEUEING SYSTEM
This section show in detail of our taffic problem and condition and how to

apply for single-server queuing system.

4.4.1 Problem Statement

A departing cars

Serwr

Car in service

Crs in queue

An arrival car

Figure {.! $ingle-server queuing system{

C
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4.4.2 Program Organization and Logic

Write error
message and stop

simulation
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T

Schedule the next
arrival event

Add I tothe
number in queue

Yes

No

Set delay = 0
forthis customer

and gather statistics

Add I to the
number of cars

delayed

glsre time of
arrival ofthis car

Make the
senrer busy

Schedule a departure
event for this car

Retum

+ Figure 4.4 Flowchart for arrival routine, queuing model.
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Subtract I from
the number in queue

Coupute delay of
car entering service
and gafihcr statistics

Add I tothenumber
ofcar delayed

Schedule a departrne

event for this car

Move each car in queue

(ifany) up one place

Make the
server idle

Eliminate deparmre

event from consideration

Figure 4.5 Flowchart for departure routine, queueing model.
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4.5 SIMTJLATION SOT"TWARE

The simulation program probably noticed several features needed in
programming most discrete-event simulation models, including:

l) Generating random numbers, that is, random values from the u(0,1)
probability distribution

I

2)

3)

4)

s)

6)

7)

8)

Generating random values from a specified probability distribution (e.g.,
exponential)

Advancing simulated time

Detennining the next event from the event list and passing control to the
appropriate block of code

Adding records to, or deleting records fronr, a list

Collecting and analyzing data

Reporting the results

Detecting error conditions

T

4.5.1 Simulation language and simulators
There are ctrrently two major classes of simulation software:

languages and simulators.

A simulation language is a computer package that is general in
nature but may have special features for certain tlpes of applications. For example,
SIMAN and SLAM II have manufacturing modules for conveyors and automited
guided vehicles. A model is developed in a simulation language by uniting a program
using the language's modeling constructs. The major sftength of most languages is
their ability to model almost any kind of system, regardless of the system's opeiating
procedures or confiol logic. Possible drawbacks of simulation lmguage are the need
for programming expertise and the possibly long coding and debugging time
associated with modeling complex systems.

A simulator is a computer package that allows one to simulate a
system contained in a specific class of systems with little or no prograrrrming. For
example, there are currently simulators available for certain tlpes of manufacturing
computer, and communication systems. The particular systerr of interest (in the
domain of the package) is typically selected for simulation by the use of menus and
graphics. without the need for programming. The major advantage of a simulator is
that "progtam" development time may be considerably less than that for a simulation
language. This ma1' be very. important given the tight time constraints in many
business environments. Another advantage is that most simulators have modelini
constructs related specifically to the components of tle target class of systems, whicfi
is particularly desirable for operational personnel. Also, people without programming
experience or who use simulation only occasionally (e.g., a manufacturing engineer int Copyright by Mahidol UniversityCopyright by Mahidol University



t

t

Nipon Sriyen Simulation / 42

a factory) often prefer simulators because of their ease of use. The major drawback of
many simulators is that they are limited to modeling only those system configurations
allowed by their standard features. This difficulty can be some what overcome if the
simulator has "programming-like" commands to model complex decision logic; most
of the model would still be developed using menus and graphics. (This capability
might be available in tlie simulator itself or external routines called by the simulator.)
Simulators are currently most often used for highJevel analyses, where the system is
modeled at an aggregate level without including details ofthe control logic.

4.6 MODELING APPROACIIES

Almost all simulation languages use one oftwo basic ryproaches to discrete-
event simulation modeling; these approaches are also used by modelers using a
general-purpose language. In the event-scheduling approach, used in the programs of a
system in modeled by identiffing its characteristic events md then vniting a set of
event routines that give a detailed description of the state changes taking place at the
time of each event. The simulation evolves over time by executing the events in
increasing order of their time of occurrence. Here a basic property of an event routine
is that no simulated time passes dudng its execution- The event-scheduling approach is
available in SIMAN, SMSCRIPT II.5, and SLAM tr.

A process is a time-ordered sequence of intenelated events separated by
passages of time, which describes the entire experience of an "entity'' as it flows
through a "system". The process corresponding to an entity rriving to and being
served at a single server shown in Fig. 4.1. Conesponding to each process in the
model, there is a process 'orout'ne" that describes the entire history of its "process
entit5/" as it moves through the corresponding process. A process "routine" explicitly
contains the passage of simulated time and generally has multiple €ntry points.

To illustrate the natue of the process approach more succinctly, Fig.4.2
gives a flow chart for a prototlpe customer-process.routine in the case of a single-
seryer queuing system.

Unlike an event routine, this process routine, this process routine has
multiple entry points at blocks 1, 5, and 9. Entry into this routine at block I
corresponds to the arrival event for a customer entity that is the most imminent event
in the event list. At block I an arrival event record is placed in the event list for the
next car entity to a:rive. (This next car entity will arive at a time equal to the time the
current car entity arrives plus an interarrival time.) To determine whether the customer
entity currently arriving can begin service, a check is made (at block 2) to see whether
the server is idle. If the server is busy, this customer entity is placed at the end of the
queue (block 3) and made to wait (at block 4) until selected for service at some
undetermined time in the future. (This is called a conditional wait.) control is then
returned to the 'timing routine" to deterrrine what customer entity's event is the most
imminent now. (If we think of a flowchart like the one in Fig.4.2 as existing for each
customer entity in the system, control will next be passed to the appropriate entry
point for the flowchart corresponding to the most imminent event for some other car.)

{
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When this car entity (the one made to wait at block 4) is activated at some point in the
future (when it is first in queue and another car completes service and makes the
seryer idle), it is removed from the queue at block 5 and begins service immediately,
there by making the server busy (block 6). A car entity aniving to find the service is
determined, and a corresponding event record is placed in the event list. This car entity
is then made to wait (at block 8) until its service has been completed. Cftis is an

rmconditional wait, since its activation time is known.) Contol is returned to the

timing routine to determine what customer entity will be processed next. When the

customer made to wait at block 8 is activated at the end of its service, it makes the
seryer idle at block 9 (atlowing the first customer in the queue to become active
immediately), and then this car is removed from the system at block 10.

A simulation using the process approach also evolves over time by executing
the events in increasing order of their time of occurrence. Internally, the two

r} approaches to simulation are very similar (e.g., both approaches usie a simulation
cloch an event list, a t'ming routine, etc.). They differ mainly in the language

constnrcts that they make available to model a system. Process statements are more
*macro" in nature and automatically translate certain sifuations commonly occurring
in a simulation model, e.g., cars arriving to a queuing system, into the corresponding

event logic.

The process approach has several advantages over the event-scheduling

approach. For many tlpes of systems the process approach is more natural in some

sense, since one process routine describes the entire experience of the corresponding
process entity. Furthermore, a process simulation model of a system usually requires

fewer lines of code than the comparable program using the event-scheduling approach-

On the other hand, the process approach as implemented in some simulation languages

is less flexible than the event-scheduling approach.

The process approach is the major modeling orientation in GPSS/IL
GPSSIPC, SIMAN, SIMSCRIP II.5, and SLAM II.

{r
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Figure 4.6 Process describing the flow of an entity through system.
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il

Schedule an arrival
event for the next

car entity

Place this car eNfrty

inthe queue

Schedule a deprture
event for this car entity

6

7

9

t0

I Figure 4.7 Prototlpe car-process routine for a single-server queueing system.
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4.7 DESIRABLE SOFTWARE FEATURES

In the introduction section, some basic features or capabilities needed in
programming a simulation model was described. This section represent a number of
additional features that should be available in a contemporary simulation package,

vrith this features being grouped into five categories [Law and Haider, (1989) and also

the discussion of material-handling modules].

4.7.1 GENERAL FEATI'RES
The rnost important feature for a simulation package to have is

modeling Jlexibility, because no two systems are exactly the same. If the simulation
package does not have the necessary capabilities for a particular application then the

system must be approximated, resulting in a model with unknown validity. Entities

should have general attributes (e.g., due date, message length, etc.), which can be

appropriately changed; this capability is generally available in simulation languages

but is less common in simulators.

Ease of model development is another very important feature, due

to the short time frame for many projects. The accruacy and speed of the modeling
process will be increased if the package has good debugging aids, such as interactive

debugger, onJine input error checking, and on-line help.

Fast model execation speed is particularly important for very
large models (e.g., certain military applications) and when the simulation model is to
be run on a microcomputer. For a complicated simulation model of a 40-machine food
packaging plant, it took 7 hours to simulate 2 weeks of production on a 16-megahertz

microcomputer.

'Ilte mmimum model size allowed by the simulation package may
be an important factor when the model is to be executed on a microcomputer. For
some packages, the maximum model size is currently less than 100K bytes. This
potential diffrculty will become less important trs many vendors are beginning to offer
versions with extended model sizes.

It is also desirable for a simulation package to be available for
number of different computer classes (i.e., microcomputer, work station, and

minicomputer, maffiame), and for the softwrare to be compatible across these classes.

Thus, for example, a model could be developed on a microcomputer and then

uploaded to a minicomputer or mainframe for execution of the production runs.

4.7.2 AIYIMATION
Easy-to-use animation is one of the main reasons for the increased

popularity of simulation modeling. In an animation, key elements of a system (e.g.,

machines and parts) are representd on a CRT by icons that change shape, color, or
position when there is a change of state in the simulation, Thus, a system can be seen

graphically to change over time. Most contemporary animation packages operate in a

)
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concurrent mode, where the animation is displayed while the simulation is actually
running (perhaps slowed down to allow for visual comprehension). On the other hanq
some animation packages function in a playback mode, where the animation is

displayed after the simulation is completed from state changes recorded in a disk file.
Several examples of animation and graphics are given in color Plate 1.

The major reason for ttre popularity of animation is its ability to
communicate the essence of a simulation model (or of simulation itself) to managers

and other key project personnel, greatly increasing the model's credibility. Other
potential benefits of animation are:

Debugging a simulation computer program

Showing that a simulation model is not valid

Suggesting improved operational procedures or contol logic for a system

Understanding the dynamic behavior of a system

Training operational personnel

Animation also has certain strortcomings or disadvantages. In
particular, it is not a zubstitute for a creful statistical analysis of the simulation output

data. One cannot conclude that a system is'\nell defined" by watching an animation

for a 'oshort" period of time since, if the simulation were nrn for a longer period of
time, a crucial piece of equipment might fail and cause a major system

bottleneck.Animating a simulation model increases model development time, and

simulation packages with an animation capability are often considerably more

expensive. Finally, only part of a simulation model's logic can actually be seen in an

animation; thus, a 
o'correct" animation is no guarantee of a valid or debugged model.

There are number of desirable features for an animation package.

First and foremosf, since animation is primarily a communication tool, it is important

for it to look realistic (particularly for presentations to high-level managers). The user

should be able to create high-resolution icons using bit-mapped rather than character

screen, rather than'Jumpy" or o'pulmting" movement. It should be possible to store

icons in a library for use in a future model, and the library should come with standard

icons to facilitate animation development. The animation should be easy to develop,

relying more on menus and graphics that on prograurming. These should be the

capability for multiple screen layout, since some models will not o'fit" on a single
standard computer screen. (Additional animation features are discussed in Law and

Haider (1989)

A useful graphical companion to animation is dynamic
presentation quality graphics, where histograms, level meters, dials. etc., are updated

as the simulation progresses through time.

Il
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4.73 STATISTICAL CAPABILITIES
Since most real-world systems exhibit some sort of random

behavior, a simulation package must contain good statistical capabilities that should

actually be used. In general, each source of system randomness (interarrival times,
service times, machine operation times, etc.) needs to be modeled by a probability
distributiorU not just its mean. A simulation package should contain a wide variety of
standard disuibutions (e.g., exponential, gamm4 and triangular), should be able to use

distributions based on observed system data, and should contain a multiple-stream
random-number generator to facilitate comparing altemative system designs.

Since random samples from tle input probability distributions
oodrive" a simulation model through time, simulation output data (e.g., daily
throughputs in a factory) are also random and appropriate statistical techniques must
be used to design and interpret the simulation runs. A simulation package should
contain a single command to make independent replications of the model
automatically, with each replication using different random numbers, starting in the

same initial state, and resetting the statistical counters to zero. We should be able to
speciff a wann up period (at the end of which statistical cormters are reset to zero) and

to construct confidence intervals for desired mea$res of performance (e.g., mean

daily throughput) in order to deterrrine the statistical precision of the simulation
results.

4.7.4 CUSTOMER SIIPPORT

Most users of simulation software require some level of ongoing
support from the vendor. First, the software vendor should present public seminars on

the use of the software on a regular basis. Also, the vendor should provide timely
technical support for specific modeling problems encountered by the user. (A toll-free
phone number is desirable.) Good documentatiorU including a well-written textbook, a

user's manual, md numberous detailed examples, is important for software use as well
as initial installation. Free software trails and demo disks are helpful to the prospective

user in evaluating the software for their particular needs.

4.7.5 OUTPUT REPORT

A simulation package should provide time-saving standard

reports for commonly occuning performance statistics (e.g., utilization, queue sizes

and delays and throughput), but should also allow tailored reports to be developed

easily. For example, standard reports of often not suitable for management
presentations. Furthermore, it is often of interest t obtain (static) presentation-quality
graphical displays [e.g., histograms, bar charts, pie charts, or time plots of important
variables] and to have access to the individual model output observations (rather than
just the usual summary statistics) so that additional analyses can be performed. For
example, one might want to export the output observations (e.g., daily throughputs) to
a graphics package, a spreadsheet or a statistics package.

t
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Figure 4.8 GPSS/H standard output report, queuing model.
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SIMAN Summary Report

Run Number I of I

Project MM I QUEUE

Analyst A. LAW

Date: 7ll2ll989

Run ended at time .9783E+03

Tally Variables

No. Identifier Average Stmdald Minimurr Ma:<img6 Number

Deviation Value Value of Obs.

I DELAY IN QUETTE .4955E .E0l3E .00000 4.M199 1000

Discrete Chmge Variable

No. Identifier Average Standard Minimum Ma:<imum Time

Deviation Value Value Period

I NT MBER IN QUEUE .50658 l.l493l .00000 10.00000 978.28

2 SERVERUTIL. .51872 .49965 .00000 1.00000 978.2t

Counters

No. Identifier Count limit

I CARDELAYS IOOO IOOO

Figure 4.9 SIMAN output report, queuing model

I

+

I Copyright by Mahidol UniversityCopyright by Mahidol University



t
Faculty of Engineering, Mahidol University M.Sc. (Tech of info. sys. mgnt.) / 5l

4.8 COMPARISON OF SIMT'LATION LAT\GUAGES
These simulation languages actually have very similar basic modeling

constnrcE, due to language cross-fertilization over the years. This can be seen in Table
4.1, where show the GPSS (H or PC), SIMANrcinem4 SMSCRIPT II.5, and SLAM
IVSLAMSYSTEM language sra*temerts for creating new entities, for entities to seize
and release resources, for a passage of time (e.g., a service time), and for collecting
discrete-time and continuous-time statistics.

Many simulations have a queuing orientation, and GPSS and the process
parts of SIMAN and SLAM II have modeling constructs well suited for these types of
problems. SIMAN and SLAM II also have constructs for the more basic event-
scheduling approach. This should allow them to model conveniently a somewhat
larger class of non-queuing-oriented systems than GPSS. On the other hand, there is
some indication that GPSSIH has the fastest compilation and execution times I Abed,
Bartq and McRoberts ( I 985)1.

SMSCRIPT II.5 has the most general process approach of the major
simulation languages; thus, virtually any system can be modeled without using the
event-scheduling approach. However, because of its general structure, it may require
more lines of code than GPSS, or SLAM II for "standatd" queuing problems. For
'ncomplicated' simulation models (particularly those that are large or non-queuing-
oriented), SIMSCRIPT II.5 is an attractive choice because it is a general programming
language with sophisticated control statements and data structures.

Many important simulation soffware features are quite subjective in nature
(e.g., ease of model development and vendor technical support) and, thus, will not be
used to compare the simulation languages discussed above. As an altemative, we
present in Table 4.2 a comparison of the simulation languages based on nine
quantitative features or factors. This list is not exhaustive, and whether a feature is
important could depend on the particular application. For example, most simulation
studies do not require capabilities for combined discrete-continuous simulation In
table 4.2 a simulation language is said to have a particular feature if it is part of the
software usually distibuted by the vendor.

Some additional infomration on simulation language is given in Banks and
Carson (1985). In particular, they provide GPSS/H, SIMAN, SMSCRIPT II.5 and
SLAM II programs for a simple manufacturing system.

t
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Table 4.1 Implementation of basic simulation capabilities
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T

Language

GPSS SIMAN/ SLAM IY

Feature (H or PC) Cinema SIMSCRIPT II.5 SLAMSYSTEM

Create new GENERATE CREATE ACTIVATE CREATE

entities

Seize and SEIZE/ SEIZEI REQUEST/ AWAIT/

release a RELEASE RELEASE RELINQUISH FREE

resource

Passage of ADVANCE DELAY WORK, ACTIVITY

time (e.g., a

service time

WAIT

1

Discrete-time QUEUB TALY TALLY COLCT

statistics DEPART,

TABI.]LATE

Continuous- QIJELJE/ DSTAT ACCIJMULATE TIMST
time DEPART,
statistics ENTER/

LEAVE,

TABULATE

j
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CHAPTERV

TRAFFIC TT,OW CHARACTERISTICS

5.1 INTRODUCTION
This chapter will describe taffic flow characteristics such as flow of vehicles

moving individually or in a groups on a roadway. It is vital to be used for design and

operate the traffic and tansport syst€m. At the present time, there is no unified theory
of traffic flow. Much of the knowledge currently available in this field is largely
empirical. Mainly on observation md understanding the nature of traffic and how to
approach each pararneter and formulate an equation forthe mathematical model.

5.2 THE NATI'RE OF TRAItrIC FI,OW
Traffrc flow is a complex phenomenon. It requires little more than casual

observation while dri"ing on a freeway to discover that as tafEc flow increases, there

is generally a corresponding decrease in speed. Speed also decreases when vehicles
tend to bunch together for one reason or another.

Traffic florv is a stochastic process, with random variations in vehicle and

driver characteristics and their intemctions. It is quite corlmon to constnrct models of
realrty in which the effects 6f shanss variation are ignored or averaged out, where any
given input rvill produce an exactly predictable output. These models are

deterministic. The alternative situation is to allow random variation in the model and

then look at the probabilities of different outcomes. This method of stochastic

modeling takes into consideration the variability urmong possible outcomes, not just
average outcome (Lay, 1986a, 1986b).

5.3 APPROACHES TO UNDERSTAI\DING TRAFFIC FLOW
The interaction betweeo vehicles and their drivers, and also among vehicles,

is a highly complex process. There are three main approaches to the understanding and

quantification of tratfic flow. The first is a macroscopic approach that looks at the
flow in an aggregate sense. Basd on such physical analogies as heat flow and fluid
flow, the macroscopic approach is most appropriate for studyrng steady-state
phenomena of t-low and hence best describes the overall operational efficiency of the
system. The second is a microscopic approach that considers the response of each

individual vehicle in a segregate manner. Here the individual driver-vehicle
combination is examined. such as @rmaneuvering. This approach is used extensively
in highway safetl'work. The third aplroach is the human-factor approach. Basically, it

+
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seeks to define the mechanism by which an individual driver (and his or her vehicle)
locates himself or herself with refere,nce to'other vehicles and to the highway/guidance
system. Notice that the microscopic and the human-factor approaches are closely
related (Drew, 1968).

One way of combining all three approaches is to assume initially that a
stream of traffic is composed of identical vehicles and identical drivers, thus
permitting easl.' integration of the various approaches. The simple's combination also
assumes that the traffic moves at unifomr speed and that the vehicle spacing is
dependent on speed. In other words, a vehicle's behavior is forced on it by other
vehicles in the traffic stream. Indeed, speed is assumed to be the only variable that
influences florv. Naturally, ttrere is one particular vehicle flow associated with a speed
adopted by the traffic sfieam (Lay, 1986a, 1986b).

5.4 PARAMETERS COIYNECTED WTIH TRAFFIC FLOW
There are at least eight basic variables or measures used in describing fiaffic

flow, and several other sheam char:acteristics are derived from these. The three
primary variables are speed (v), volume (q), and density (k). Three other variables
used in traffic florv analysis are headrray (h), spacing (s), and occupancy (R ). Also,
corresponding to measures of spacing and headway are two parameters: clearance (c )
and gap (g). (l)

5.4.1 Speed

Speed is defined as a rate of motion, as disknce per unit time,
generally in miles per hour (mph) or kilometers per hour (km/hr). Because there is a
broad distribution of individual speeds in a trafFrc stream, an average havel speed is
considered. Thus, if ravel times t6 tv tj,..., t* are observed firr n vehicles taversing a
segment of lengrh I. the average tavel speed is

Where

l/', = average travel speed or space mean speed (mph)

L = length of the highway segment (miles)

Ii
(hours)

: travel time of lhe itt' r'ehicle to traverse the section

t
LnL

Yt-T

Z; I,,
(l)

*
n : number of travel times observedCopyright by Mahidol UniversityCopyright by Mahidol University
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The average travel speed calculated is referred to as the space

mean speed.It is called space mean speed because the use of average travel time

essentially weights the average according to the length of time each vehicle spends in
space.

Another way of definingthe arterage speed of taffrc stream is by

finding the time ffi€ah. speed (Z). This is the arithmetic mean of the measured speeds

of all vehicles passing, say, a fixed roadside point during a given interval of time, in

which case, the individual speeds are known as spot speefu.

Where tr/i is the spot speed and n is the number of vehicles observed.

It can be shown that whereas the time mean speed is the

arithmetic mean of the spot speeds, the space mean speed is their harmonic mearl

Time mean speed is always greater than space mean speed except in the situation

where all vehicles travel at the same speed. It can shown that an approximate

relationship between the two mean speds is

Also,

(4)

Where

o"2 is the variance ofthe space mean speeds and

oi =EV'-')'y

5.4.2 Volume
Volume and rate of flow are two different measures. Volume is

the actual number of vehicles observed or predicted to be passing a point during a

given time interval. The rate ofJlow represents the number of vehicles passing a point

during a time interval less than I hour, but expressed as an equivalent hourly rate.

Thus, a solume of 200 vehicles observed in a lO-minute period implies a rate of flow
of (200 X 60y10 = 1200 veh/tr. Note tlat 1200 vehicles do not pass the point of

t

Irr,
17 - 

i=l,, - n
(2)

V, =I/r.f

V'=l/' +

(3)

t

a
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observation during the study hour, but they do pass the point at thfl rate for l0
minutes.

5.4.3 Density or Concentration

Density or concentration is defined as the number of vehicles
occupying a given length of lane or roadway, averaged over time, usually expressed as

vehicles per mile (vpm). Direct measurement of density can be obtained through aerial
photography, but more commonly it is calculated from Eq. (5) if speed and rate of
flow are known.

q:vxk
where

q = rate of flou'(veh/hr)

r, = average travel speed (mph)

k= average density (veh/mi)

5.4.4 Spacing and Headway

Spacing and headway are two additional characteristics of traffic
streams. Spactng (s/ is defined as the distance between successive vehicles in a traffic
stream as measured from front bumper to front bumper. Headway is the corresponding

time between successive vehicles as they pass a point on a roadway. Both spacing and

headway are related to speed. florv rate, and density.

Avg. density (k), veh/mi =

(s)

!}

Avg. headway (h),

Avg. flow rate (q).

5280. ff/mi

Avg. spacing (s), ftlveh

Avg. spacine (s). ft/veh-.

Avg. speed (v), fl/sec

3600. sec/hr

(6)

t
sec/veh =

veMtr :

(7)

(8)

Avg. headway (h), sec/veh

Spacing of vehicles in a traffrc lane can be generally observed

from aerial photographs. Headrvay of vehicles can be measured using stopwatch

observations as vehicles pass a point on a lane.

t Copyright by Mahidol UniversityCopyright by Mahidol University



{
Faculty of Engineering, Mahidol University M.Sc. (Tech. of info. sys. mgnt.) / 57

5.4.5 Lane occupancy

Lane occupancy is a measure used in freeway surveillance. If one
could meruiure the lengths of vehicles on a given roadway section and compute the
ratio:

R : Sum of lengths of vehicles : D-t

Lenglh of roadwal'section D

Then .R could be divided by the average length of vehicle to grve

an estimate of the density (&).

Lane occupancy QO) can also be described as the ratio of the
time that vehicles are present at a detection station in a traffic lane compared to the

time of sampling.

LO: Total time veh. detector is occupied = Zta (10)

Total observation time T

Figure 5.1 illusrates the use of a detector in use of a detector in
traffic engineering work. Here

to : L+C
ys

.where Z is the average lenglh of vehicle, and C is the distance

between the loop of the detector.

It is necessary to know the effective length of a vehicle as

measured by the detector in use to calculate lane occupancy. Denslty can be calculated

by using the expression.

K : LOx 5280 (11)

L-C

In most cases, the detector is actuated as soon as the front bumper
crosses the detector and remains on until the rear bumper leaves the detector .

(e)

t

t
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Directon of trairel

L = length of vehicle
c = diSarrca belrareen hoF ol dettr{or

Figure 5.1 Loop detector

Lane occupancy applications are of much concern in online
surveillance and control systems. For example, freeway surveillance is accomplished
by monitoring lane occupancy from numerous stations such as entance rtlmps. Proper
records of lane occupancy can be useful in evaluating traffic sEenm performance.

5.4.6 Clearance and Gap

Clearance and gap correspond to parameters of spacing (ft) and
heads'ay (sec). These four measurements are shown in Figure 5.2. The diflerence
between spacing and clearance is obviously the average length of a vehicle in feet.
Similarly, the difference betrveen headway and gap is the time equivalence of the
average length of a vehicle (Lv):

g:h-(Uu) (12)

and

c:gxv (l 3)

where

g': mean gap (sec)

I = mean lenglh ofvehicles (ft)

c: mean clearance (ft)

h: mean headway (sec)

v: mean speed (ft/sec)

t
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Figure 5.2 Clearance-Gap and Spacing-Headway Concept

5.5 CATEGORIES OF TRAFFIC FLOW
Vehicle flow on transportation facilities may be generally classified into tow

categories.

5.5.1 Uninterrupted flow
Unintemrpted flow can occur on facilities that have no fixed

elements, such as traffrc signals, external to the taffic sfream, that cause intemrptions
to traffrc flow. Traffic flow conditions are thus the result of interactions among
vehicles in the traffic stream and between vehicles and the geometric characteristics of
the guideway/roadway system. AIso, the driver of the vehicle does not expect to be
required to stop by factors extemal to the faffic steam.

5.5.2Interrupted flow
Intemrpted flow occurs on tansportation facilities that have fixed

elements causing periodic intemrptions to traffic flow. Such elements include traffic
signals, stop signs, and other types ofcontrols. These devices cause trafEc to stop (or
significanfly slow down) periodically irrespective of how much haffic exists.
Naturally, in this case, the driver expects to be required to stop as and when required
by fixed elements that are part of the facilities.

t

]
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5.6 SIGNALIZATION

5.6.1 TYPE OF SIGNAL
In general, three t1ryes of signals available: pretimed, semi-

actuated and fully actuated. Their characteristics are as follows:

Pretimed

Preset times and phases

Cycle lenglhs are constant

Simple and inexpensive

Less efficient in fluctuating demand

Effective in progressive sigual system

Can be operated on different timing plans

Semiacfuated

Vehicle detector on minor sEeet

Green is always on Major Steet unless minor-steet acfuation ocfllrs

Two-phase plan is common

Cycle length may vary from cycle to cycle

Good for lorv to moderate side-sheet demand

Usually installed when instrfficient gaps occur in major stream

Can be used in overall progressive signal system

Fully actuated

All approaches have vehicle detectors

Each phase is subject to minimum and maximum green time

Some phases can be "skipped" if no demand is detected

A phase is terminated when there are no further actuation within a specific
time interval or when the maximum green time has been reached

. Cycle length varies from cycle to cycle

Most flexible form of signal control

Most effrcient use of available green time

Best used at isolated intersections that is not coordinated with other signals

May be used in progressive signal system

}
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Local policies, guidelines, standards, demands, and budgets are
the primary factors in selecting a controller.

5.6.2 Phase plan

An appropriate selection of a phase plan is most critical for
effrcient movement of vehicles, and this includes the deterrrination of the number of
phases and their sequence. It is best to adopt a simple two-phase control unless
conditions need something more elaborate. Remember that change intervals between
phases contribute to lost time per cycle.

Figure 5.4 shows a nunber of common phase plans that may be

used with pretimed or actuated contollers. The two-phase conhol is the most
straightforward and simple. Multiphase contol is adopted where one or more left or
right turns are determined to require protected phasing. Uzually, the left-turn
movements require a protected phase. Local agencies have guidelines that require
protected left-turn control when such left-turn volumes exceed 100 to 200 veh/hr.

Left-tum phasing may also be considered where the speed of opposing traffic is
greater than 40 mph. Figure 5.a @) shows a tbree-phase plan in which an exclusive
left-tr"un phase is provided for bth left-turn movements on the major steet. It is
followed by a through and right-tum phase for the major sfreet, driving which left
tums may be permitted on an opional basis. Figure 5.4 (c) is commonly referred to as

"leading and lagging green" phasing. The initial phase is a through and left-turn phase

for one direction of the major street, followed by a tbrough phase for both directions
during which left turns in both directions may be permiued on an optional basis. The
direction of flow started in the first phase is then stopped, providing the opposing

direction with a through plus left-turn phase. The final phase provides all movements

on the minor street. Such phasing is extremely flexible. Figure 5.4 (d) is a four-phase

sequence if both streets need left-turn phases.

&
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Figure 5.4 Common phase plans that may be used with pretimed or actuated

controllers (TRB 1994).
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CHAPTERYI

TRAFHC OF CENTRAL BAI{GKOK SIMT]LATION

6.l INTRODUCTION
In this chapter, information and ytatistics of Bangkok and traffic facilities

used as the basis of this study are mentioned. Then, the steps to organize this datq
algorithms and flow contol for program development will be described. At the end of
this chapter is explanation of the functionality for the user.

6.2 INFORIvTA*TION AI\D STATISTICS OF BAI\IGKOK

There is some information and statistics of Bangkok that we can use as input
for estimation and prediction such as population, transportation information and

infomration of roads and jrmctions in the study area

6.2.l Population
For the purpose of plan formulation, policy making, and

investment program selection, a nrmrber of estimations have been made about futtre
population size. The following tables are the population of the Central Bangkok used

as the basis of this study (end of 1994 - end of 1997).

Table 6.1 Statistic of population and house as on 3le December 1994

t
Province/
District

Male Female Total No. of House

Eangkok

PhraNakhon

Dusit

Pathumwan

Pom Prap

Sattru Phai

Phaya Thai

Ratchathewi

2,7601025

44,610

94.639

58,615

41,217

88,506

53,973

2,824201

a,@5

76,667

58,626

40,a5

82,941

55,330

5,584?26

87,255

171,306

ll7,24l
81,642

171,447

109,303

l15621110

19,935

26,003

27,469

18,938

26,619

22,905

I
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Table 6.2 Statistic of population and house as on 3ls December 1995

Province /
District

Male Female Total No. of House

a

Bangkok

PhraNakhon

Dusit

Pathumwan

Pom Prap

Sattru Phai

Phaya Thai

Ratchathewi

2,745,431

42,605

91,528

58,032

40,875

56,010

81,517

2,825312

41,066

75,089

58,163

40,057

52,718

81,693

5,570,743

83,671

166,617

I 16,195

80,932

108,728

163,210

1,661"311

20,036

26,264

27,995

19,180

27,107

23,868

Table 6.3 Statistic of population andhouse as on 316 December 1996

Province /
District

Female Total No. of House

t

Bangkok

Phra Nakhon

Dusit

Pathumwan

Pom Prap
Sattru Phai

Phaya Thai

Ratchathewi

2,746352

42,lM

90,128

56,255

40,421

52,5&

66,666

2,93E,611

40,741

73,444

56,665

39,752

49,569

67,206

5,584,963

82,885

163,572

112,920

80,173

102,133

133,872

1,703,129

17,858

25,971

25,169

18,292

24,596

23,184
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Table 6.4 Statistic of population and house as on 3ln December 1997

Province/
District

Male Female Total No. of House

a

Bangkok

PhraNakhon

Dusit

Pathumwan

Pom Prap

SatbuPhai

Phaya Thai

Ratchathewi

2,749,947

41,376

89,051

55,945

39,892

47,900

53,882

2,854,825

40,280

72,944

56,652

39,290

45,396

55,134

51604,772

81,656

161,995

112,597

79,182

93,296

109,016

1,810,530

18,023

26,693

26,939

18,204

25,937

25,419

Souree: Departuent of Local Adminisfiation, Ministry of Interior.

Compiled by : Statistical Data Bank and Information Dissemination Division,
National Statistical Offi ce.

Table 6.5 Statistics of population from registration record in Bangkok Metropolis

Year Number of population

Total Male Female

Death Rate of
population

growth

Density
per

Sq.km.

t 1990

l99l

1992

1993

t994

1995

1996

1997

2,776,042

2,820,650

2,796,M0

2,812,232

2,824,201

2,925,312

2,838,61I

2,854,825

128,080

147,617

146,800

224,896

l47,ll3

130,243

151,138

141,658

14,934

19,635

23,321

24,603

11,256

19,884

24,548

25,656

(4.e0)

1.33

(r.04)

0.19

0.21

(0.24)

0.26

0.35

3,543.92

3,590.97

3,553.63

3,560.38

3,567.74

3,559.13

3,568.21

3,580.87

5,546,937 2,770,895

5,620,591 2,799,941

5,562,141 2,766,701

5572,712 2,760,480

5,584226 2,760,025

5,570,743 2,745,431

5,584,963 2,746,352

5,604,772 2,749,947

Source: Departrrent of Local Adminishation, Ministry of Interior.

Compiled by : Statistical Data Bank and Information Dissemination Division,
National Statistical Office.
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Table 6.6 Population projections, nafi:ml growth rate, TFR, NR& CB& CDR and
IMR for Thailand :1995-2002

Year No. of
population

(Million)

Natural
growth

rate

(%)

Total
fertility

rate

(TFR)

Net re-
production

rate

(NRR)

Crude
birth rate

(per 1000)

(cBR)

Crude
death rate

(per 1000)

(cDR)

Infant
mortality

rate

GvrR)

t

1995

1996

1997

1998

1999

2000

2001

2002

59.40

60.00

60.60

61.20

61.81

62.41

62.91

63.43

1.08

1.03

0.98

0.95

0.92

0.88

0.85

0.82

2.07

2.A3

2.00

1.98

r.96

1.93

l.9l

1.89

0.96

0.94

0.92

0.91

0.90

0.89

0.89

0.88

18.36

17.98

17.60

t7.32

17.04

t6.76

16.48

16.20

7.52

7.66

7.80

7.84

7.88

7.92

7.96

8.00

32.04

31.43

30.82

3A.27

29.72

29.t7

28.62

28.07

Source: Population Projections for Thailandt 1990-2020, Offrce of the National
Economic and Social Development Board-

62.2Tratsportation
The transportation statistics are found at the statistical databank

and inforrration dissemination division of the national statistic office shown in table
6.4. The statistics show that in Bangkok metopolis area, the rate of population per
private car for year 1992 is 5.6, yeat 1993 is 5. I , year 1994 is 4.5, year I 995 is 4.4 and
year 1996 is 4.2.

I
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Table 6.7 Statistics of Transportation of Population in Bangkok Metopolis

1992 1993 1994 1995 1996

Number of
Vehicles

Population per
vehicle

Private car

Population per
Private car

Motorcycle

Population per
Motorcycle

Truck

Bus

Private Bus

2,373,288

2.3

987,999

5..6

1,006,302

5.5

84,328

23,394

217,336

2.1

1,091,836

5.1

1.105,084

5.0

90,349

24,074

272J94

1.9

1,214,927

4.6

1,233,503

4.5

83,250

24,139

323,902

1.7

1,262,069

4.4

1,373,072

4.1

91,427

24,364

402,680

t.6

1,342,913

4.2

1,527,834

3.7

99,234

24,647

462,903

2,656,107 2,963,043 3,241,081 3,549,092

0

t

Source : Statistical Data Bank md Information Dissemination Division, National
Statistical Office.

According to the information of population growth in the study
area and the rate of private car ownership, we can use the mathematical method to
estimate how the population will grow in the near future. And also the calculation of
how the rate of private car ownership is increasing. The estimated value can be useful
to put in as a condition for contrrol logic of the simulation prograrn. Especially, the
appropriate number of cars that will be generated into the node-link (unction - roaQ
network. In addition, if more analysis of estimation has been done, the outcome of
different sources of car arrival ratio into the network can be more actually predicted.

That has made the simulation program more creditable. Bu! in &is study, we consider
more the realization of the taffic flow characteristics and conditions.
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6.3 TRA.FFIC SIGNAL FACILMIES
The purpose of study is to create the trafEc simulation program. The program

must simulate the real taffrc status and conditions in the sfudy area. After research, we

found that there is an existing ATC (Area Traffic Contol) system currently used in the

study area. There are some details of this system described in the consequent section.

6.3.1 Existing ATC system facilities

The central facilities of the existing ATC system are housed in the

OPP building. Local control covers the old city and the government office district
located directly to the north of the old city. The system was installed in 1979. An
outline of the existing ATC systern is givenbelow.

a) Contol syste,m. A time-fixed contol system, established by
TRANSYT-7, that applies four patterns of timing plans to
fivetime periods.

Number of Intersections Conholled. The marimum capacity
is 64 intersections, but currently only 47 intersection are

covered.

Communication System. A half duplex TDM system with a

l:N multi-drop circuit configuration. The ma<imum value of
N is 8. The system can accept eight modems, but is currently
equipped with only 6.

Monitoring Functions. Indications of on-line, permitted
manual, independent operation (poor communication or
unpermitted manual) and major road green appear on the
graphic panel. Based on observation at 10:00 on a weekday,
about 20Yo areestimated to be in an on-line status and 80% in
other stafus. Printout of errors and contol pararneter changes

are also provided.

63.2 Existing ATC system operation

The existing ATC system is begin operated as follows:

a) Dwing the l0 years since the ATC system was intoduced, its
control parameters were renewed twice. When renewing the
parameters, traffic survey data were sent to an overseas

. organiz2fisn and newly-calculated parameters were obtained
by return mail, which were then fed into the computer.

b) As mentioned above, there are four pattems of timing plans. Of
these, three have cycle lengths of 60, 90 and 120 seconds

respectivelY.

c) Circuit conditions are poor during the rainy season. There are

no data on the actual reliability of TOT circuits. The only

b)

c)

d)

n

;
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information available is that restoration work targets, 80Yo
recovery within 24 hours and99Yo within seven days.

d) The TOT circuit leads directly into the ATC local controller.

63.3 Existing signal control faeilities and operation
Signal control facilities in current use have their operations are as

follows:

a) Nearly all signalized intersections are manually controlled at
site b.v traffic policeman. According to observations, manual
cycles are about 2.5 - I minutes. However, there is no concept
on cycles owing to skipping and backhacking of phases.
Manual operations are based on assessments of spot conditions
as indicated by vizual observations by taffic policemen andlor
information received via transceivers.

b) Some of the fizf,hc signals are mounted on high poles and have
small lenses of approximately 20 cm in diameters. Signal
illumination tends to be dark. Electric power (about 12V,
50\y) is snpplied viatansformers.

c) Each traffic signals is connected directly to the local contoller
by a single cable; no relays are used.

6.4 CI]RRENT PROBLEMS
Problems concerning current fiaffic flow and current signal facilities which

have a bearing on the ATC system are below.

6.4.1 The traffic florv problem

The follorving problems concerning trafEc flow were identified
from field survey results and from available reference data:

1) Within the area that constihrtes ttre city's business and
commercial center, a substantial volume of traffic is
concentrated in the area bordered by Rama [V Rd, Middle
Ring Rd., Din Daeng Rd, Ratchwithi Rd, and Chao Phraya
River, causing chronic congestion within the area.

2) Congestion in the above mentioned area is severe during peak
hours, when major signalized intersections become saturated,
as indicated by hourly traffic volume per lane. Moreover,
travel speeds during the morning and evening peak hours fall
to less than l0 kmlh, and nearly all stoppages are caused by
intersection waiting time or spill back.

3) A large number of major signalized intersections have
saturation degree of more than 1.0, indicating that these
intersections are over-safurated.

t
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4) Traffic volumes on major roads fluctuate in complicated and
diverse pafiems during aday, with especially large fluctuations
seen during a day, with especially large fluctuations seen
during business hours. There are also wide flucfuations from
day to day. Oning to these factors, it is exEemely difficult to
control zuch as taffic volume by pre-timed signal control.

5) Within the aea mentioned above, especially heavy congestion
is seen on ore-way arterial roads. The high concentration of
traffic on these roads is partially attributed to the fact that trip
lengths become of longer owing to the one way scheme in the
sparse network of roads in the are4 which results in longer
detour trips.

6) There is a tendency toward high accident frequency on Rama
Mq Sukhumvit R4 Petburi Rd, Phaya Thai Rd, and Sri
AyutthayaRd, where congestion is severe. The rate of rear-end
collisions is high.

7) In consideraion of frequency of traffic flow intersection
caused by the official events a green band conhol system
should be considered-

6.4.2 Signal facility problem

The following problems concerning traffic signal facilities were
identified from field survey results md from collected reference data:

1) The existing ATC system has several problems related to its
operation as follows:

a) During the l0 years since the ATC system was
introduced its contol parameters in naffic conditions
arc not being responded to quickly and effectively
enough.

2) Problems related to existing signal contol facilities are as
follows:

a) Nearly atl sigualized intersections are manually
contolled by ffiffic policemen. This means that the
intersection capacrty is decreased by no coordinated
situation and too long cycle time.

b) Most traffic lights are mounted on low poles and have
small lenses, resulting to poor visibility.

c) The maintenance setup seems inadequate owing to the
very small nrmtber of staff, lack of spare parts and
other problems.

I
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6.5 TRATTIC SIMT]LATION PROGRAM

6.5.1 General information

6.5.1.1 Road and Juncdons

In this sdy, the first step is to tansform a real-word

system into a model which includes the transformation of roads and junctions in
Bangkok into a node-link system. At this step, information as a public map is the
appropriate data. This exarnple of a Bangkok map can be founded and used as a
reference source of information. Then the name of roads and junctions were prepared

as the reference of linkage and node numbers accordingly. Figure 6.1 shows the

Cental Bangkok map used in the simulation prosam. The coverage study area is

t bounded by &e conjunction of Pinklao bridge and Ratchadalnnoen Klang road in the

west, along Samsen and Phra Sumen road to the north. From the south, the study area

runs down to Bamrung Muang road and is bouuded by Ikung Kasem road in the east.

a

t

Figure 6.1 NIap of Bangkok
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For refererce, in this study, we assign the identifier
number for each node and link in the study area that are listed in table 6.8 and 6.9.

Table 6.E Representative node number for junction

Number ID Junction namc

i

I 78 PRACHATHIP.A.TAI _ PHRA SUMEN

2 II RATCHADAMNOENNOK_KRUNGKASEM

3 22 KRIJNG KASEM_BAMRI]NG MUA}IG

4 44 WORACHAK_EAMRI.]NGMUAI{G

5 70 MAHA CHAI_BAMRUNG MUANG

6 148 BAMRI.]NG MUA}IG _ UNAKANI

7 26 NAKHON SAWAN _ KRI]NG KASEM

8 73 BAMRTJNG MUANIG _ BORIPHAT

9 77 PRACHATHIPATAI - WISUT KASAT

IO 32 CHAKKARATDIPHONG-NAKHON SAWANI

II 79 RATCHADAMNOENKLANG-TANAO

12 227 DEMOCRACY MONI.]MENT

13 37 KRUNG KASEM

14 9 RATCHADAMNOEN KLA},IG _ PHRA SI'MEN

15 IO LANLUANG RATCHADAMNOEN NOK NAKHON
SAWA}tr

16 13 RATCHADAMNOENKLANG_RATCHADAMNOENNAI

17 144 NA PHRA LAI{ - LAK MUAI{G _ SA NAM CHAI

18 147 BAMRI.JNG MUANIG _ TI THONG

19 177 TANAO _ BAIURI.JNG MUANG

20 I89 ATSADANG_BAMRI'NG MUANG

21 58 SAMSEN _ JAIGAI'ONG _ PHRA SUMEN

22 59 SAMSEN _ WISUT KASAT

23 160 BAMRUNGMUANG-YUKHOL 2

24 16I BAMRUNG MUANG_PHLAPPHLA CHAI

t
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Road number Name Linkfrom Linkto

t

I

2

3

4

5

6

7

8

9

10

1l

t2

13

t4

15

t6

l7

l8

t9

20

2t

22

23

24

25

26

Z7

28

29

30

3l

JAKRAPONG

RATCHADAMNOEN KLANIG

SAMSEN

PHRA SI.JMEN

RATCHADAMNOEN KLANG

BAMRTJNG MUA}IG

BAMRI.JNGMUANG

TI TONG

PRACHATIPPATAI

PRACHATIPPATAI

PHRA SI]MEN

RATCHADAMNOEN KLANG

BAMRI.JNGMUA}IG

MAHA CHAI

BAMRI,JNG MUANIG

BORIPAT

LAN LUAI.{G

NAKHON SAWAN

SAPAI{ PA}.I PI POP LEE LA

LAN LUA}-IG

NAKHON SAWANI

KRI.'NG KASEM

KRI.JNG KASEM

BAMRUNG MUANG

BAMRUNG MUANIG

JAKRAPADIPONG

BAMRUNG MUANG

BAMRUNG MUANG

TANAO

WISUT KRASAT

JAKRAPADIPONG

l3

l3

58

58

79

177

147

147

78

78

78

227

148

70

70

73

10

l0

9

99

32

26

37

73

44

44

160

161

177

59

32

58

79

59

78

227

147

148

227

227

77

9

9

70

9

73

t0

99

32

10

37

6

37

2

44

160

99

l6t
2

79

77

99

t
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Data for roads and its links (iunctions) can be updated
via the screen shown in Figure 6.2. T\e important information used for simulation
processes are the number of lanes, and average speed for both from-to and to-from
directions, length of the link and the mean car arrival (vehicle/hr). This information is
used for calculating the delay time or time consumed by acar to pass through this link
(roaC).

This screen is designed for firtue development of road
plan of construction. Such as when a road is planned to increase the number of lanes
or change to a one-way system. The capacity of a road is recalculated automatically by
average car length, number of lanes and length ofroad.

Hsad F- lmnaroua

TT I 10.00:: Rrryhr

I-i B
Length . 

.

Mean ca arival

Figure 6.2 Road (Link) information screen

After identifring a node number to a junction and a link
number to a road in the study are4 the node-link network model can be fonnulated
from the real-word system and shown in Figue 6.3.

lrc
ITil'-

Link lrom

No of Lane

From-To

TeFmm

Eapacty

l@.-I7
I EtrN

vel.fubir

ve,hides;

I

e
Copyright by Mahidol UniversityCopyright by Mahidol University



I

t}

Nipon Sriyen Traffic of Central Bangkok Simulation / 76

Figure 6.3 Node-link system tansformed from map of Bangkok

The nodeJink model is the result of the first step of
analysis and desig!. The next step is to analyze the traffic volume and characteristics
of the trafFrc flow. Also the traffic flow confrol strategy. This is very important data

for designing the control process md logic of the simulation program. In the next
section we will describe how to realize this data for the simulation program.

6.5.1.2 Trafficvolume and traffic flow
The statistical dafia of traffic volume in Bangkok is quite

small. Generally, the officer has a work plan to observe and sampling (count) the
traffic volume at a junction once a yem. The different formats of traffrc volume
observation worksheets have been made several years in the past.

Figure 6.5 is one of the traffic volume observation
worksheets. This figure shows the traffic volume on 12 December, 1997 at the
junction number 78 - Sapan Wan Cha! located at the intersection of Prachatippatai,
Dinsor and Phra Sumen roads. In this frgure, we select only important information that
was used for the simulation program.

Normally, the worksheet of traffic volume observations
was designed to fit with the SCOOT plan operation manual of the ATC system. In this
system, the traffic flow directions is separated into 4 main directions of flow per
junction, named NB, EB, SB and WB according to the North, East, South and West
accordingly. In these 4 main directions, they separated into 4 traffic flows each.

I

i

ir:,,li$lo,FElol

r:i,,:;i..-',,-,....
Pda,'l
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Counting from left to right as l, 2, 3, 4 for NB, 5, 6, 7 , 8 for EB, 9,10, I l, 12 for SB
and 13, 14, 15, 16 for WB. Therefore d each jrmctioru there are 16 traffic flow
arrivals.

Figure 6.4 Traffic flows

5

Jdlrl__i= &E
stz 

-lllll' 
-l

12 34 g3
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Table 6.10 Example of traffic volume at junction worksheet, department of transportation, Bangkok metropolitan office

Traffic volumc at junction (Year 1997)

z
o

U)

(D

Junction hamc

Road

Sapan Wan Chat

Prachatippatai-Dinsor-Pra Sumen Junction No.78 Date 12 September 1997 Weather status Normaf

-lhl
o)

=io
o
o
(D

E.
ED
A)

0a
,fo
7f
C,)

d
D)

o

{
oo

Time

Dlrection

Tra[Iic volume pcr hour (PCU/Hour) - Exclude motorcyclc PCU/
Hour

Volume

074E 0E-09 09-t0 r0-ll tt-t2 l2-13 l3-14 l4-15 l5-t6 tGlT t7-tE t8-19 Totrl Mln Max

z

I 26t 2t0 295 222 r66 154 r58 252 202 92 70 ?6 2l 58 203 70 295
2 tM0 l0t4 93t 758 729 774 578 &6 595 53t 65t 641 9089 7R 595 t0/,o
3 47 63 56 72 68 75 83 67 68 96 90 84 859 7t 47 96
4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

In NB I 348 t2t7 t2E2 t052 953 1003 9t9 965 855 819 8il 791 12t05 t059 79t 1348

OutNB 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OL (meters) -50 .50 .50 -50 .50 .50 -50 .50 -50 -50 -50 -50

na
td

5 894 805 826 Er9 78t 890 542 657 669 5M 453 419 E266 7t6 4t9 894
6 472 466 432 45t 455 448 606 602 657 719 70s 774 6797 511 432 774
7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ln EB 1366 t21l 1258 1280 1243 1338 I148 t2s9 1326 1771 I 158 I 193 I 5053 1287 I 148 t366

Out EB 365 29t ,75 3t8 28t 275 33t 4t4 340 2t3 203 223 3629 348 203 414
OL (meters) 234 lt8 -50 54 5l 54 47 48 4t 55 96 35

o(a
9 90 62 46 59 6 49 2 20 50 38 58 43 598 75 20 90

l0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
I 38 35 2t t8 32 33 22 r9 ll 8 ll 9 257 39 8 38
t2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

In SB t28 97 57 77 92 82 45 39 5I 45 69 52 855 u5 39 128
Out SB I 995 I 89t I 850 1582 t530 I 837 t3l2 14;27 I 355 1258 t2l7 I t89 r 8643 1609 I t89 t995

OL (meters) -50 -50 -50 -50 -50 .50 -50 -50 -50 .50 -50 -50

rc
B

ll 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
l4 66 46 59 78 83 88 l5l 143 t27 lt3 t22 r38 tzt4 I05 46 t5t
t5 6l 72 93 105 I13 173 92 124 90 t23 il3 t29 t288 109 6I t73
l6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

In WB t27 I lt t52 t83 196 261 243 267 217 236 235 267 2502 2t5 u8 267
Out WB 609 59r 534 592 589 572 7t2 689 775 853 8s3 891 8254 7lt 534 89r

QL (meters) -50 -50 -50 -50 -50 -50 0 0 0 0 0 0
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According to an information of tavel volume at
junctions, in this study uses the standmd 16 taffic flows to implement the simulation
program. The Figure 6.5 shows how the user can maintain and update the statistics of
traffic volume into this system. This program is desigued to allow the user to change
these statistical data. Because, this infomration will used as a statistical base to
generate car arrival into a junction when the simulation is running.

F'igure 6.5 Junction information scnem

.5.13 Junction and Traffic Control
By interview with the operator of the SCOOT operation

base in the Bangkok Nletropolis Office, we found that the SCOOT and Bangkok ATC
system were set up u'ith a set of pammeters called plan. Each plan is a group taffrc
light control system of the adjacent intersections that are linked together. For example
in Figure 6.6 shorvs the Plan-Controtrler of jrmction Pratchathipatai-Phra Sumen. It

a shows that this junction was assignedlto a SCOOT node, plan group Rl with node

}\

NOK.MKHON SAWAN
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number 078, it has a fixed-time controller of 144 seconds per cycle. The fust control
called Fl is started at the 57ft second and next control, F2 is started at l l2nd second.

Figure 6.6 Example of Traffic control plan controller

There are conhols Fl and F2 assigned to junction no. 78

shown in figure 6.8. The contol description is unitten down in separated operation
manual of the SCOOT operation called In this manual, the description of
contol was drawn as a graphical model according to a NB, EB, SB and WB traffic
flow diagram. In addition, the physical road and junction layout sketch founded in this
manual can be use for comparison with the traffic flow diagram. The information of
confol of this junction is shown in figure 6.7.

F.#

1

-3

o
I

tTr

PLAl.l- CONTROLLER

Creation/Ir,lodification Date 25-AUG-98 I0:43: l3

PLAN I

SCN RIO78 ATPRATCHATHIPATAI-PHRASTMEN

CycteTime l44secs SC@TPlanY RelaxedPlanCheckingN

Time in Cycle
Confrol Bits

57

Control BiB

FI

F2

Time in Cycle

n2

t
Figure 6.7 Example of control description found in SCOOT operation manual
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By combination of these two sources of inforrration, in
this study the simulation program use a fixed-time base as a simulation clock run-time
strategy. The contol Fl and F2 in this example will be called Phase in the simulation
progftlm. The simulation progrzrm allows the user to change the setting of the time
cycle and phase control different[.v from the SCOOT plan to see how to optimize the
queue length and utilize the traffic flow.

f igure 6.8 Traffic light control screen

6.5.2 Single Junction Simulation

Single junction simulation uses information of traffic volume in a
time period as base data to calculate the mean car arrival and also predict the direction
of car arrival in each traffic flow direction by calculating the accumulate probability of
car arrival. Meanwhile, we can use the random mechanism of any programming
language to generate the car arrival into an appropriate direction base on the
accumulated probability of car rrival in each direction. And use the SCOOT plan

I traffic control as a base unit of time of fixed-time interval. We can assign the status of
rdle or service to the service faciliqv- In this study, the service facility is the traffic light

I
i:::i::.:::i. i.:iir:r.. rj -i..i

,i+, ".,::;'..:,, Il l!{t I';---;;;---J
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control. They can be the status of GREEN, RED and YELLOW. But in the simulation
model we can simpliff the traffic light status only as pass or not. That ,asons the
traffic light can be modeled as a facility that has 2 states, one is GREEN as service,
another is RED as idle. The l"rrer is the contol object that is suitable for contolling
the relative clock, by a set time cycle equal to the mean car arrival to generate one car
into the system. And anothertimerto control the traffic signal with fixed-time interval
ofthe SCOOTplan.

6.5.2.1 Model and Charaeteristics

Queuing model, in this study a single-server queue was
applied to represent an event of service queue in each traffic flow direction. Therefore,
in a single junction simulatioq the,re are 16 single servers (facilities) for service of an
arrival car. They have 2 states, green ligfut equivalent to busy state and red light
equivalent to idle state.

Car arival and mean car arrival, in this study the
traffic volume of traffic flow direction can be used for calculate the mean car arrival
(PCU/hr) and also calculate the accumulded probability of car arrival into the junction
from each direction.

For example, in the case of junction no. 78
(Prachatippatai - DinSor - Phra Sr:men), the traffic volume statistics of the period 07-
08 can used for calculating mean car arrival and accumulated probabilities by

Let Vi:Traffrc volume in direction i in period 07-08

Mean car arrival : 36fi) , ir, second / vehicle
,=l

t : 0.44722

The accumulated probabilities of each taffic flow
direction can be calculated by following table

I Copyright by Mahidol UniversityCopyright by Mahidol University
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Table 6.11 Calculation of accumulated probabilities

65.22 Simulation run
This simulation progrzm can simulate the tafEc

conditions within each hour, for example 07-08 based on the traffic volume statistics.
In the haffic volume maintenance screen, the user has to select a period (1 to 12) that
will tell the simulation program to select the correct set of taffic volume data to
calculate the mmn car arrival and accumulated probabilities. After selecting the period
to be simulated, then click on Simulate button and the progam will show the "single
Simulation" screen as shoum in Figure 6.9.

In this screen, the main part is the map that shows 16
traffic flow directions. With the simulation program running. the number of cars and
the length of the queue in each traffis flow direction are show on the traffic volume
panel and the stop line respectively. If a user selects "keep statistics" check-box, the
program automatically generates a log file containing this information every second
until the user stops the simulation. The current phase (traffrc control) always shows
under the map with the green light traffic flow direction.

*

t

Traffic flow
direction

Volume Accumulated
volume

Accumulated probability

I Vr VI vrAy', 0.087908

2 Yz VI+V2 fr'1+v2)A/1 0.438195

t6 Vre t6

Zv,
j=l

t6

lv,tv^
i=l

1.000000

TOTAL t6

Yn:ZY,
F-l
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TrdficSdm
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8sckft*:,
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Figure 6.9 Single simulation screen

6.5.2.3 Results

While nxrning the simulation program with option *Keep

statistics", the program creates the report file that is input for the reporting module.
The report can be show in graphics. They is the report of vehicles generated per
direction as shown in Figrre 5.10 and the report of queue length per direction in
Figure 6.1l. Both of these reports can be displayed in line graphs and bar graphs. The

rt number of cars generated and a queue length is shoum on the Y-axis. Its horizontal
scroll bar can be used to scroll along from to to tn of the simulation time along the X-
axis. All of naffic flow directiom inthe junction showup as a series on the X-axis and
labeled on the right side of the gaph with different colors.

I-
I t@4m

r

t

-Tra!tuL:isht

-: i :1r1"''l

F.Keep,,staBt*lii,
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Figure 6.10 vehicle generated per direction

rl

ChorlT},pe - *:
C LinE C Ba :11_ - I"nntr,lant'11 .

I
Figure 6.11 queue length per directionCopyright by Mahidol UniversityCopyright by Mahidol University
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6.5.3 Network Simulation

Single junction simulation provides us with a queue leng& that

represents the volume of the cars waiting at each direction. This information can be

used to improve the taffic management in each jgnction efficiently.

Since the junction is, in fact, connected by roads and the cars

always move from one junction to another, the single junction simulation can no

longer represent the real-world of traffic. Junctions are not independent, which is why
we need the netrrork simulation. ln the network simulation, we need to have another

new entity that can represent the connection (link) between junction. That is the road

node.

6.53.1 Model and Characteristics

6.53.1.1 Road and Junction Network

Figure 6.12 Represents a logical network system simulated from the real-world
trafFrc system

i

L

r:Vifihh,ffiElffin"'fr.,,r'ru l-
rsrF
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diflerent nodes:

ln the logical taffic network, there are two main

ROAD node will manage the cars that pass along it. This
includes the cars that first come into the system, move from
one junction" move to another junction and exit the system.

JLINCTION node in network, this node is similar to the one

in the single junction simulation. It will manage the queue

of cars in each direction depending on traffic light contol.

6.53.1.2 Car's Event and Status in Network

To make the road node and junction node know how to

manage the cars that come into the system, we have to define the status of the cars. In
the system, there are 6 different statuses assigned to the cars in the network according

to its event and life time :-

START: All the car first coming into the network are assigned to this status

according to start event.

ARR_ROAD : After START, all the cars coming onto the road are assigned to
this status. It represents that a car is arriving to the road.

RUNNING: After the cars come onto the roa{ the system will calculate the
time spent to arrive at the juoction based on speed and length of the

road. While the cars are moving to the junction, their status are
.ORUNNING".

ARR_JUNC: At the time that the cars arrive at the junction, the status will be

changed to "ARR_JLINC".

WAIT : When the cars arrive at the junction and the traffic light of its traffic
flow direction is ooRED,', the status will be changed from
"ARR_JUNC" tO "WAIT'.

Note that, if the taffic light of the naffic flow direction is "GREEN", the

status will be changed from *ARR_JUNC" to *ARR-ROAD"

immediately. It is the status of the next road node to be approached.

STOP: When the cars reach their destination roads, the status is set to
*STOP".

l)

2)

t

3

*
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3

Generate a car into
Network
NCAR=

NCAR + I

CHANGE
STATUS TO

..START'

IF REACH
TARGET ?

CHANGE
STATUS TO

..ARR ROAD"

CHANGE
STATUS TO

.ARR JI'NC"
IF TIME > O

,l

CHANGE
STATUS TO

..WAIT"

l Figure 16.13 Status and Event of car in networkCopyright by Mahidol UniversityCopyright by Mahidol University
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6.5.3.1.3 Simulation Clock and Event Control

In this study, the time interval control designed to use 4

processes work in parallel. There are 4 control processes :-

Car Generator i This process generates one arrival car into a network every

cycle of mean car arrival time. The rate can be calculated from the

amount of traffic volume-

Trffic Light Control: This process reads the data of the traffic light control
phase plan for all junctions and updates the netrvork every I second.

Car Status Update Control: This proce55 analyzes all cars in the network,

both at the junctions and on the roads. It determines the status of
each car and decide to move the car through a link in the network
and change its status. This process is the most important and takes a

lot of processor time. Sometimes, asynchronous simulation the clock

haPPens in this routine.

Simulation Clock Tick : This process is the reference of the relative

simulation clock. Another process and control has to synchronize the

time reference here.

6.5.3.2 Network Simulation Run

6.5.3.2.1 Initialization
Figure 15.12 shows the initial screen of the Network

Simulation. This screen was designed to show information in a separated area. The

largest area shown is the logical nodeJink system. Because the node-link system can

"ot-nt 
with a standard screen, providing both horizontal and vertical scroll bars allows

a user to move through the network while the simulation is running, and monitor what

is going on in the network. Below the monitor screen, the block of vehicle information

shlws 
-thr .* arriving into the network with information of car number (ID), road

number that the car isintering, road number to exit from networlg time that the car is

arriving and its path through the nenrrork. On the right hand side, the user can speciff

the simulation ciock (cycle), the total number of cars to be generated into the network,

the speed of a car in terms of marimum speed, minimum speed and average speed.

The next down block provides the check-box to speciff whether the user needs to keep

a log file for reporting or not. In the right-bottom, there are 3 contol buttons, START,

PAUSE and EXIT button. Between the Vehicle block and control button block, the
.vehicles in Road and Junction Information" show the status and infonnation of cars

in the specific road or junction selected while the simulation is running.

6.3.3.2.2 Simulation Run

After the network simulation has been started, the control

processes are enabled. The initial values are used to calculate and determine the

tehavior of cars in the network and are displayed on the graphics monitor.

*

3
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Firstly, the car will generate into various starting roads,

its path (route to move througb the network), average speed and its destination. First
status assigned is "START' (car is generated into network). In the second, the car

status will change to "ARR_ROAD" (arrive to roaO with calculated of time to be

spent in the starting road to go to the junction. Secondly, this car's status will be

changed to .'RUNNING" (car is running) and the time to the next junction will
decrease to zero every second depending on the Simulation Clock Tick control

process. After the time to the next junction reaches zero,that means this car is already

moving to the stop-line of the next junction, the system will change its status to
*ARR_JUNC' (arrive to junction). Then we check against the taffic light that is
"GREEN" or "RF-T)" to determine the next stafus as "WAIT' or "ARR-ROAD".
Time to time, the status is changed between "ARR-ROAD", "R[-INNNff', ooWAIT"

and *ARR_JUNC'. Until it reaches its destination road, when the status will change to

"STOP". Figure 6.14 shows that there are 3 cars in road number 9, the cars ID are

7,15 and 19, its average speed is 84.85, 90.50 and 104.83 Km/hr and they will reach

junction 227,78 and 78 in 9, I and 3 seconds respectively. Figrne 6.15 shows that, at

Junction 147 therc are 6 cars assigned their status as "WAIT'. Four of them are

waiting for a green light for taffic flow direction no. 15 (move from road no. 7 to road

no. 8). The other two cars are waiting for a green light for traffic flow direction no. 7.

(move from road no. 6 to road no. A. The other important infomration zuch as the

nurnber of car arrival, number of cars already exited from network and the nunber of
cars remaining are shown on the right-hand side. A neul car arriving into the network

always shows on the block below the graphic monitor-

6.53.3 Result

The resunt from network simulation is the queue length

of each junction. The report is designed to display a graphic diagram in the s.Lme way

as the single junction simulation. This result is more realistic than a single junction

simulation. This is b6cause we also take the cars from adjacent junctions into

consideration while single simulation uses the statistics of taffic volume to generate

the cars arriving at a junction. Moreover, the time that the car has to spend to travel to

the next junction is also calculated. This is to make the information about the

frequency of the cars that arrive at the junction more realistic.

I
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CIIAPTER YII

DISCUSSION

7.1 PORTAGE TO A LARGE MACHIiYE

This simulation program is developed on a PC platform. This causes a

limitation on the memory to be allocated for basic data (roads and junctions) and

processing such as the process of generating the vehicles into the network. If we want

to study in a wider area of tafEc, we srnely need more memory to store new entities

or new types of junctions and roads, vehicle properties, log reports and also statistics

report. A large machine has to be taken into consideration to make the study mote

realistic and practical.

A large machine can provide not only more memory, but also a better

performance of the simulation pro$am. On a larger machine, the program can be

processed faster, even a complex program. 'We can say that the PC feattre scopes

do* the study area- We cannot implement more complex logic to be processed in
time.

In the real situation, the taffic light control in each junction has to be

processed independentll,-. This means that the taffic light status in each junction can

be changed to a proper status without having to wait for others to finish the process.

But due to the fact that a small computer like a PC has only one processor, the

instruction is processed sequentially. We, therefore, cannot have a real parallel process

in a single processor like a PC. To improve the capability of the system performance, a

multi-procissor machine is one possibility. The multi-processor machine can provide

parallel processes, as we need them.

To have the simulation progftlm work in a multi-processor machine properly,

the points to be aware of are:

Process organizatio,?s : we need to organize which process has to be nrn in
parallel and which process has to be nm sequentially-

Process scheduling: all ofttrese processes have to be scheduled properly in
order to make all of processes synchronized.

7.2 NETWORK FLEXIBILITY
In order to utilize a simulation program, the network flexibility has to be

considered. This is already provided in this study with a network definition file. This

file rvas designed as a text-file for simple editing by text editor tools. In this file, a user

can define a junctioru its location (coordinate (x, y) of a graphic screen), and its links
(roads). Currently, if a user needed to use this simulation program to analyze a wider

area, he has to maintain this file manually, by adding new lines for junction definitions

and road definitions.

e

t
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For advanced improvement, we can study and adapt a more complicated
technique called pattem recognition tsy this technique, we can make a simulation
progrlm more flexible. If we are successful in implementing this technique, the

progrurm itself can recognize the junctions and roads from a geographic map. The

nodeJink network can be 5'ansformed immediately after pattem recognition has been

execute4 only some details need to be adjusted.

7.3 OPTIMIZATION
An optimization is one topic that should be considered in a study. Some

fiaffic control systems have an optimizer, which is the most important component.

This optimizer has several basic strategies, concepts and theories. Some of them use

the cost basis. In this Soup, the fuel, cost of travelling, time spent in a network are the

factors for the optimizing tool. Another optimizer may take data detected from vehicle

movement as basic data to optimize a relative time-cycle of each taffic light contol at
junctions. The basis idea of this type has its purpose to make a shortest queue in the

traffrc network.

Most area traffic contol systems have their own optimizer, the difference is

a frequency ofupdate and tune up parameters to the overall system. An on-line system

optimization may be a future trend for development.

In this way, the raw data gathered by a physical detector installed in roads

and at junctions can provide a current status of traffic flow. The statistics seem

obsolete and cannot compare with crrrent data detected. Infomration, such as speed of
vehicles and mean car arrival time will be transferred to an optimization tool via
several media- A number of advance technologies such as Internet, Gateway, High-
Speed Modem can be used as an altemative for online-transaction.

7.4 TRIP ASSIGNMENT
The trip assignment is a common part of a traffic simulation system. Most of

them have a routine to generate a tavelling trip based on the population, usage of
land, residential, commercial and industial are,!si. This basic idea to create a trip
assignment is powerful if we can clariff that trips that are generated are realistic with a
reasonable disribution.

In general, the travelling trip of a vehicle in Bangkok is in different
directions for over a whole day. In the morning, most of a travelling ttip is on the in-
bound direction. That is the trip form home to offtce. On the other hand, in the

evening, most of them turn in the reverse direction. The travelling trip is changed to,
from offirce to home. If we use the concept of trip generation which depends on usage

of area, we always get a travelling trip from home to office every period of time for a
whole day.

Due to the increasing of population in Bangkok, we also make a number of
travelling trips increment. More complex behaviors of havelling trips may be

considered in a further study. For example, the family that has a child has to add more

t
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nodes to pass along the route between home and the child's school instead of a
directed route between home and office.

Currently in Bangkok, the express way is the altemative for travelling trips in
the nrsh hour. But, not all drivers in an area that has an express way exit takes this
route for tavel. The statistics of average vehicles that take the express way route
should be researched as a first step. Then the assignment of jurnp relationships
betrreen road-express way-road has to be implemented in a further study. The queue

length and obstacles of a long queue on a main road have to be considered.

7.5 TRAFFIC FLOW CHARACTERISTICS

75.1Traflic Circle
The hafFrc circle is a normal operation that can be found in a big city. This

type of trafEc flow frequency is used for intersection that has more than two roads

crossing. A trafEc circle is a complex system to study in a same traffrc simulation

networkwith X intersections. The traffrc flow in the circle is difficult to predict.

However, to simpliff a traffrc circle, we can qplit it into a sub node-link
system by T-intersection and directed flow.

Figure 7.1 simplification of traffic circle operation

In Figure 7.1. a simplification of a traffrc circle makes 5 T-intersections Cl,
C2, C3, C4 and C5 and separated sub-links between T-intersections in inner flow as

ll,l2,l3,l4 and 15.

I
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In advance, a firther study should consider the queue at a T-intersection and

how the accumulated queue in the inner taffic circle flow should be managed.

Normally, a small taffic circle has no taffic light control at a T-intersection (entance

to inner flow of traffrc circle). The study could describe how the traffic light installed

at a T-intersection can optimize a queue length in the inner taffic circle flow as

appropnate. A long green light will cause overflow in the inner traffic circle and a

long red light will produce long queue lengths of vehicles that want to enter into a

traffrc circle.

7.5.2 U-Turning
As with a traffic circle. a U-turning operation is a normal operation in a

traffirc flow. Especially, the long-length roads in the network always provide a number

of U-turns. U-turning is one cause of intemrpted flow. This effects the overall speed

on the road. Not only the vehicles in different directions are intemrpted, but also, if the

queue of vehicles waiting for a U-tum is accumulated more than a capacrty that is

designed for a special lane, the same direction flow is also intemrpted. To simpliff this

operation, we may be able to split theroad node into sub-links as in figr.ue 7.2.

*
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For further sdy, the contol process of U-tuming should be described in
terms of how the queue is accumulated- Normally, U-turning has no traffic light
contol, the study should consider the queue that occurs at U-tum that has a taffic
light installed compared to ttre U-turn that has not.

*
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CHAPTER VITI

CONCLUSION

8.T TRAFFIC SYSTEM AI{ D MOD]EL

A fiaffic system is the one real-world system that has its own behavior and

conditions. In this study, an rmderstanding of various topics must be involved. The

main topics are system modeling, traffic flow conditions and characteristics, queue

theory and simulation technique.

System modeling describes the methodology and techniques to simpliff the
problem of the real-world system into scientific methodology. In this study, we are

concerned with the simulation technique. The tansformation of a physical system

(real-world system) of roads and junctions to a node-link (network) system is an

example.

Trffic flow conditions and characteristics are described as a mathematical

model. This mathematical model is constructed with many variables representing each

condition. Such as &e relationship Hrnreen vehicle speed, length of road, number of
lanes and time spent to pass through the road.

Queue theory describes how to manage an ar:ival entity that passes through

t11e service queue. Many systems are defined in queue theory. The best that fits tlre
problem is the single-seryer queue system as used in this study.

8.2 TRAFFIC INFORMATION
In this study, the taffic simulation program is developed based on an

information from various sources of government agency.

Information that is collected and used in this study included:-

Population indicates how large the amount of vehicles should be tested. To
make sure that the program can handle a real world condition, the program has to be

designed to have enough capacrty to handle a number of cars that is calculated from
the population and rate of cm's ovmer in a study area.

Trffic Volume at Junction is a useful statistic to generate the arrival cars into
a single junction simulation. By using statistics and an accrmtulated probability
technique, we can generate car with appropriate directions (l to 16).

Trffic Flow Control Phase Plan is defined for the ATC system that is now
used in some areas of Bangkok

ATC system is the template system and provides some basic idea to design

the processes and routines that need to be used.

i

t Copyright by Mahidol UniversityCopyright by Mahidol University



a

t

Nipon Sriyen Conclusion / 98

83 RESULTS
The trafEc system simulation program is the result of this study. It has turo

main simulation processes. One is the single junction simulation, anot}er is the
network simulation.

The single junction simulation is designed to use the statistics of taffic
volume and traffrc light confiol phase plan as its input and condition to handle the
simulation run. By the simulation technique, the car arrivals have been generated to
the simulation traffic flow as well based on the accumulative probabilities. The
graphical display shows the status of taffic lights in color, red and green. The
movement of cars at a single junction is also shown at simulation run-time.

The network simulation is designed to use characteristics of cars in the
network to calculate the relative time against the simulation clock. The event and

status management has been defined. This status can be used to determine how to
handle the cars on the road and at junctions by contol processes.

This program provides other functionality to update or re-define the taffic
light control phase plan and update traffic volume, because the simulation nrn will
provide more realistic results if the statistics and conditions are up to date.

8.4 RECOMMENDATIONS
1) In this study for the program model, the queue at the stop line is a vertical

queue, that is it can not represent a real-world system. We should use a

horizontal queue instead for a more realistic model.

2) The speed of cars in the network simulation may be reduced or increased

by use of other variables to be considered. Such as, road maintenance

status - road is clear or under construction, different tlpe of vehicles -
bus or private car, t)?e of engine - time to accelerate speed, number of
years after register.

3) The tip assignment (path) does not cover all tavelling routes, different
directions of tips in the moming (to work) and in the evening (back

home) should be considered.

4) By the reporting functionality, queue length is the most important
information. All of them can be used by the decision maker, who has

authorization to tune-up the parameter of the ATC system. The
optimization of parameters such as cycle time of each junction, time for
green lights can be made to test for minimization of a queue length.

5) In the case when the whole system of ATC is running in Bangkok, and

the detector at a junction has been installed, we can use this realistic
information as an input and condition for advanced development.
Optimizing tools should be studied from the on-line update from the
physical count of traffic volume via the detector.

*
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APPENDIXA

TRAFFIC VON,UME AT JT]NCTION
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YISUAL BASIC PROGRAMMIN G
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DATA DECLARATION FOR SINGLE JI]NCTION SIMTILA'TION
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'Public Constant

Public Const maxJunc: 100

Public Const MA)(ROAD --200

Public Const MAX_FN: 8

Public Const MAX_DIR = 16

Public Const MAX_SM-TIME = 2000

'Public constant - Characteristics

Public Const AVG-NETWORK-SPEED = l0#

Pubtic Const AVG-CAR-LENGTEI = 2.4

Public Const MEAN-CAR-ARRIVAL: 60

Public Const STD-LAI'{ES =2

'Public application path & syste'm

Public Const APPLPATH = "c:\Thesis\Curent Development\BkkTraffSim"

'Public Type declaration

Type Junction

ID As Stting

Name As String

CurrX As lnteger

CurrY As Integer

End Type

Type road

ID As String

Name As String

X As Integer

Y As Integer

FromJunc As Copyright by Mahidol UniversityCopyright by Mahidol University



ToJrmcAs Sting

Lenelh As Double

FromTolanes As Integer

FromToSpeed As Double

ToFromlanes As Integer

ToFromSpeedAs Double

MeanCaAnival As Integer

End Type

Tlpe TraffI/olume

JID As String 'Junction ID

Vol(l To12,l To 16) As Integer'TrafficVolumebyDirection

NB_InAs Integer 'Sum of Direction 1..4

NB_OrtAs Integer 'Direction 7 + l0 + 13

EB_In As Integer 'Sum of Direction 5..8

EB_CI$As Integer 'Direction I + ll + 14

SB_In As Integer 'Sum of Direction 9..12

SB_OutAs Integer'Direction 2+ 5 + 15

WB_In As Integer 'Sum of Direction 12..16

WB_CIrtAsInteger Direction3 +6+ 9
End Tlpe

Tlpe JrmcFnCtl

JID As Sting

nFn As Integer

CycleTime As Integer

Dir_Allow(l To 16) As Boolean

End Tlpe

Type TimingCtrl

JID As Sting

CtrlType As Sfing

leTime As

}
Faculty of Engineering, Mahidol University M.sc. (Tech. of info. sys. mgnt.) / l2l

.F

*

q Copyright by Mahidol UniversityCopyright by Mahidol University



Fn_DirAllow(l To 8, I To 16) As Boolean

Fn_CycleTime(l To 8) As Integer

Fn_Active(l To 8) As Boolean

End Tlpe

Tlpe SingleSimRept

CarGen(l To l6) As Integer

Qlen(t To 16) As lnteger

End Type

'Public variables

Public Junction(l To maxJunc) As Junction

Public tempJunction As Junction

Public road(l To MAXROAD) As road

Public tempRoad As road

'Temporary trafftc volumn I for 7-8,...,12 for 18-19

Public tempTraffVol As TraffVolume

Public tempTimeCtrl As TimingCtl

Public currFn As JuncFnCtl

Public CurrJunc As Integer

Public SimPeriod As Integer

Public tempSinglesim(l To MAX-SM-TIME) As SingleSimRept

Public nTimeSinsleSim As

Y
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DATA DECLARATION FOR IYETWORK SIMT'LATION

Public Const Gen}.lodeWidth: 100

Public Const MA)O.IODE = 30

Public Const MNCIINK: 100

Public Const MA)(PATH: 100

Public Const MaxCars: 1000

Public Const Road_Height = 400

Public Const Road_Width = 400

Public Const Jrmc_Height : 800

Public Const Junc_Width: 800

Type Junc_Location

lndex As Integer

X As Integer

Y As Integer

ID As String

End Type

Type FlowDirection

Dir As Integer

fromRoadAs Sting

toRoad As Sting

Green As Boolean

End Type

Tlpe JuncNode

ID As String

Left As Integer

Top As Integer

TraffFlow(l To 16) As FlowDirection

End Type

q
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TlpeRoadlink

IDAs String

FromJunc As String

ToJrmc As Sting

LeftAs Integer

Top As Integer

I*ngth As Integer

Speed As Double

End Tlpe

Type CarkNetwork

ID As String

fromNode As String

ToNode As String

currNode As String

toStopline AsDouble

PATH As Sting

X As Integer

Y As Integer

Speed As Double

TimeToNextJunc As Long

GenTime As lnteger

AnivalTime As Integer

DepartureTime As Integer

ExitTime As lnteger

Status As String

End Tlpe

Public J_Node(l To MA)C.{ODE) As JmcNode

Public nJ_Node As Integer

Public R_Link(l To MA)(LINK) As Roadlink

,
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Public nR_Link As lnteger

Public Car(l To Ma:rCars) As Carlnl.Ietwork

Public nCars As Integer

Fublic Paths(l To MAI(PATH) As Sfiing

Public nPaths As Integer

'Global condition variables

Public totCarslnNetwork As lnteger 'vehicles

Public avgCarsArrival As Integer tehicles / sec

Public carMinSpeed As Double Minimum speed

Public carAvgSpeed As Double Average sped

Public carMa:<Speed As Double Maximum speed

Public updateTimes As Integer Update Network Cycle Time

'Timing control variable

Public J_Ctr(l To MA)O.{ODE) As TimingCtrl

Public simClockTick As Integer 'Clock Tick Counter

'Log file

Public logfile AsNew Collection
.-(

,s Copyright by Mahidol UniversityCopyright by Mahidol University



ffi,.ilffi

NAME

DATE OF BIRTII

PLACE OF BIRTE

INSTITUTIONS ATTENDEI)

POSITION & OFFICE

BIOGRAPHY

Mr. Nipon Sriyen

15 November 1972

Bangkolq Thailand

Mahidol Universiry, l9g9 _ 1992:
Bachelor of Science (Mathematics)

1993 - 1995, Sahaviriya Advanced produc!
Bangkok, Thailand.
Position: programmer, Development
Dept.

1995 - 1997, Shinawatra Computer and
Communications, Bangkok, Thailand.
Position: Prograrnmer Analyst, SAp
Dept.

1997 - 1998, Shinawatra Information
Technology, Bangko( Thailand.
Position: Senior Consultant, SAp Dept.

1998 - Present, SAp Thailand
Bangkok, Thailand
Position: Soffumre Developer,
Development Dept.

.4388?

Copyright by Mahidol UniversityCopyright by Mahidol University


