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INTRODUCTIOR

The need for better traffic techniques has significantly increased
during the past ten t;r more years because of the rapldly increasing -
numbers of vehicles in the big citles all over the world., In Bangkok the
capital of Thailand, the increase in mumbers of veliicles had been tremen
'&o;é. The ;:i‘obiém’“ﬂ;ét ;e"‘often"méei a1l the way long during rushehours
in the morning and evéning of the working days is the traffic-jam condition,
At in'té:ééétion&, tbe:que\ilebi' of ohesnain-line streed quite oftenly block
the éroséing‘ vehicles, as ghowh 4n FPig. 1-1. This causes the flow of the
traffic in the nefwork systanl: td bedeil worse, in addition to producing
other problems, such’ as, aizpollution and other uneconomicsl problems,

' These ‘traffic problems are mainly caused by A‘irhptbpet ‘gsetting of signal -
l'igiits.: the direction of the flow is not sy’s‘:‘atic‘-a}?iy? c;n;:r;lieci, the
éa.'pacijty of the street i¢ too small, parking in tha narrow street etc,

B'u:t we 'rai-ély used the new technique of traffic simulation system to apply
i'fot the :sit'u‘atioﬁ.- By Modern Simulation Method making use of computer to
t;pi;imizé the queue 5 ‘the 1i6Ks(0F network Systens which carry heavy loads,

the optimal timing of signal lights can be found.
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' GENERAL IDEAS ABOUT SIMULATION é
/ /‘;
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(( A penny is tossed uﬂtil it:coées down heads. If this happens on

What is Simulation?

‘I:ﬁtlésdfétinvtl(?“ FAEIblathgithe following examples :

the first toss, the player receives $1 from the bank. If heads appears
for the first time on the second toss, the player receiQes 82, on the
third toss, $4, etc., doubling each time, What should the player pay the
bank for the privilege of playing this game if the game is fair?
If one has a coin haady, tﬁe simplest way to get some insight - intﬁ
how much a player should pay is to'play say‘l;DOO gamés and determine
fhe aberagé winnings Eerggame@ This éeemiﬁgly unsciéntific approééh‘tp
the "gambler's ruin® or "St, Petersburg paradex." as it is also calied,

‘represents a simple illustration of Simulation:

Simulation is essentially a working analogy;r It involves the consc -
truction of working model presenting similarity of properties or ;eiationf
ships to the real prbklem under study. Simulation is a technique ﬁh;ch -
permits.tﬁe sLud& 6f a complex traffic system in che}laboratory rather tﬁan
in the field. |

In a‘more general sensey;simulation'may be &ef;ned as a dynamic
rep:esenﬁation of some part of the regl world, achieved by ‘building a com-
puter model and moving it through time.  The term computer model is used
to denote a épecial kind of formal mathemat}cal model,' namely, a simulated
on an electronic computer. Thus,-simulatioﬁ consists in using a digitél
or analog computer to trace the time paths, with the distinction that the

digital device counts and the analog device measures. This distinction is
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actually a fundamental one, being essentially the mathematical distinction
between the discrete variable'fﬁigitaiﬁ and the continuous variable (analog).
The differences in capabilities between the &igital‘énd analog computer

are manifest in the mathemati:al-distinctions between summation and

2/

integration, or between difference equations and differtial equations.

ot

ante,catlo;nethodé;
(¢

not be solved by standard numezical techniques. Ic.may'then‘be more effi-

Often an equation arises in the, formwlation of a model which can-

cient to construct an analogous stocha@iic model of the problem. Thus,
essentially an experiment is set up to duplicate the features of the pro-
blem undef study. The calculation ptoceSs:is entirely numerical and is -
carried out by supplying random numbers into the system and obtaining

-mmerical answers, .

One of the simplest and most powerful applications of this idea
is the evaluating the area of bounded area. Surround the area with a
square, normalizing to make its side of unit lemgth, ' Taking a point in
the area at random, tﬁe probability that it lies in area A is simply A.
If a large number of points ‘d@re taken at ‘random, it follows that the -
proportion of these lying-in‘the 'area is'‘an estimate of'A ( see Fig. 1-2 ).
The general equation for evaluating a definite integral, using the point;

distribution method, as it 'is called, is

b
j flx) dx = (b-a)ymxp[y<£(x)] - (1.1)
a
where
X = (b-a) RN + a ' (1.2)
and
Y=y RN (1.3)
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Thus, the point-distribution method considts of choosing two random
numbers; the first between a and b and the second between O and some
number which is greater than or equal to the maximum of £f(x) in (a,b), or
Ypas® If the firetwﬁs regarded as the abscissa and the second as the
ordinate, the probability that the poiﬁ;'dilquall below the curve to the
area of the indicated rectangle (see Fig. 1-2). This provides the basis
for obtaining the value of the definite integral usiﬁggﬂq. (1.1), which
is of course the area under the curve. This method yielés an acéuracy
proportional to ::1/d ﬁhe;e n is the number of points and-é is the numﬁer
of dimensions. The whole idea caﬁ be generalized to higher dimensions and
the result :emgins true, .\ '

A scheme based on the meénevalue theo:ém appears to be more efficient,
The theorem states that if £{x) is continuwous in {a,bh), there exists a
point T,iﬁ,(a,b)fsuch that

b i be 7
j £(x) dx = (Boa) E(T)

(1.4)
This is accomplished by generating 2 segquence of random numbers
X between a and b and calculating the average of f£(x).:
n

() = ol ¥ £€x;) A
1=1 &

7
44/

where X is given by Eq, (1.2).as before.

Simulated Sampling (Simulatiom)

07 There is no universally accepted terminology distinguishing Monte Carlo,
random walks, and simulation. However, the first two concepts are probabilis-
tic in nature, whereas simulation may be either probabilistic (digital).or

deterministic (analog). In the study of vehicular traffic, use of the word
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simulation without any-qnalification will usually imply the use of a digital
computer. A Monte Carlo method is often reserved for a procedure in which
the process sampled has been modified to increase precision, ohereas the
temm oimelation is used vhen the process sampled is a close model of the
real system. If the Iatter-subtlety is aubacribes to one-must concede-that
one advantage of simulation over a.monte Carlo method is that the detailed
resnlts give a direct qualitative,impression of what the bebavior)of the
-system ahould look like under the conditionl postulated.

Althougb Monte Carle-and the randsn walks methods have contributed
to the evolution of the art of simulation on a digital computer, the most
significant origin lies in the theory of mathematical statistics. In its
infancy, the subject of statisgics consisted of the collection and’dispiay'

in numerical and graphical form of facts and figures from the fields of

histogram, or frequency cbart, and the transformation of statistics began

when it was realized that the océeurence of such diagrams -could-be explained
by invoking the theory of probability.

Since a probability distribution is by its mature, in most cases,
composed of an infinite number of items, whereae frequency charts by their
-nature are composed of a finite number of items, the latter had to be thought
of ag samples from an underlying theoretical probability distribution. O i
Tocher explains how the problem then arose of. how to describe a probability
distribution, given only'& samplé from it., Because of the seemingly immense
mathematic31 difficultiea associatéd with this, such stepa as were taken
required experimental verification to give early workers confidence.

Thus was bern the sampling experiment, A close‘approximation to_aqp;nbabi-j
lity distribution was created; samples were taken, combined, and transformed

in suitable ways; and the resulting frequency chart of sampled values

compared with the predictions of theory.



-25-

It is not hard to visualize situations arising where some method of
sampling i? indicated but where thg actual taking of a‘physigal sample is
either impossible or too expensive, In such situaticns, ugeful information
can often be obtained from some type of simulated sampling. Typically,
simulated sampling involves replacing the actual universe of items by its
theoretical counterpart, 2 universe described by some assumed probability
distribution, and then sampling from this theoretical population by means
of random numbers, Theadvent of automatic digital compﬁt?rs to perform the
tedious calculations associa-téd with these sampling experiménts‘ has revita-
1ized this as a possible approach to the solution of problems still beyond
the reach of analysis, The method of taking e;uch a sample is cal;l?d simu-
lation; the decision probleéms which rely heavity on such sampling methods

- are often referred to by the catchall labei of Monte Carlo methods, ? ?

Random Mumbers . / ’VC 3
1 ' '

We have seen that random numbers’ are required in the sampling experi-
ments associated with simulation, Humans are too full of associations to
think vp truly random numbers - no one would pick three 4s in a row, although
such a sequence might{be part. of,random series,

The idea of usgsing tables of random numbers was introduced by Tippett,
who constructed a2 table of(10;400 random digits by taking the terminal digits
of enfi:ies in alcensus table, The RAND Corbération used an electronic rouletter
wheel to prepare the million-digit book of random-natural phenomena have been
used to produce randomness, although some controvérsy exists about the
validity of such procedures, Even 2 few philosophers have argued whether
any digits commited to tabular form can still be regarded as random, regardless

of how they were obtained. For practical purposes, these arguments are irre-
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. levant; one is fOrced_ta acc;pt.any pheﬁqmenon as random whose behavior is
not predictable by any obviéhg deterministfc laws and shose numbers satisfy
severalﬁstandard”§e9t3~of ran&bmness to ensure,,for_example,.thagAeach
_decimal ‘digit occurs with equal frequency without any serial eorrelatiqn.
From the standpoint of checking out computer'ptogfams; there.are
advantages -in having a:reproducible-seqnence.oﬁlnumbers_instead of purely .
_random numbers,: Program for digital compugers.can be written which will
output .a sequence of numbérs,which satisfy the various statistical tests
of randomness that have been deviced, Randam~numbérs such as these, which
are ggnératéd in a nonrandem fashion, are called psendo random numbers. In
aotomatic eamputationg'the storage of the large volume of randbm‘;nmbet‘uéed
bécomes a serious problems’ ILf is this storage problem thathhas led to the
abandomment of thé use of tables of gandom numbers in-computers; +A satis- |
factory computer program forIgenerating pseudo random numbers should (1)
rEqﬁiréflittie”stoiagé“épace fn the computery (2) be'rélativeiy_fasﬁ in—— -
operation; and (3) generate a séquence of ﬁnmbers that satisfies the tests
of randamness.{ The following s?ction descriﬁes.ﬁaw.s§ch programs ére AV

( _ Pseudorandoménﬁmber generators may be, divided, into two, groups: those:

Generation of Pseudo Réhdqm‘ﬂﬁmbers |

in which the resulting sequemces can be predicted théoretically and those in
which theoretical prediction is impossible. -

-~ oo An. gxample of the latter group is gengra:e& hy-the:midsquare technique,
An n-digit number Rg is=squared and from the resulting 2n digits the n middle
digits are taken as the next random number Ry The number R1 isLtgen gquared

and the process repeated. This technique, as are all practical techniques,
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.

Vis cyclic ; that is, the sequence repeats itself. However, one disad-
vantage of this particular mgthod lies in the possibility of obtainiag
a zero term during the cycle,

In order to appreciate the more sophisficatedfapproach to random=
number generation involving techniques in which the resulting sequences
can be predicted éheoretically, one should review a few.fundamentals

Y

of number systems, computer operation and mumber theory.
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OUTLINE OF RESEARCH

Scope of Study E L

it is kﬁaﬁﬁ.that, the purpose of-fhis research is to‘find the
optimal 4ueueslength of vehicles between iﬁtersectious. Before sétting
th; simulated:mpdgl, attention must be pai&rto all variables wﬁich are
needed for the c0mp§ter model.. The following variables will be consi-
dered: éueue-length; aumber of bBounds jat intersection; volume of vehicles;
rate of flow or number of vehicles per interval ofrtime; the form of
frequency distributions of dnput vehicles; detector counters for counting
the number of vehicles passing a given point; the generétion of random
mmbers; the generation of arrivals and services; mumber of Ianés of street;
probability for turn-left, gurm-right and go stxaightforward of vehicles;
probability of servicing time for vehicle fo cross an intersectibn;_phggg},f
ration; cycle of timing; period of time'to"Béﬂédhéidé¥ééré§-iﬁé peak-hour
‘ perioﬂ; All variables mentioned are taken into accepunt in the study of

this research.

Limitation and Assumptioms of Research

The limitation and assumptions of the research are briefly descirbed
below:
(g) 4-bound intersections will be used as the model.
(b} Number of lanes must be greater than or equal to three.
(c) 2-phase or 4-phase of signalized control is used

(d) The speed of vchicles is assumed to be constant.
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(e) Queve-length can be converted to the length of limk
" linearly.
(f)”LThe.ﬁéEioé of éime'foﬁﬂe:éongi&éred'as the rush-hour
7 parfed is fized for Z-hour or 7200 seconds, (It can be
- Eh;ﬁgédgﬁo'dthéfa iflfﬁe éifféféﬂt chputer systems are
used). N |
(g) Tge unit of time uging here is an integer form of second,
'ﬁ; éﬁy”ffaétion§ of tims €6 be used as instantenous time.
" {Accordipg.to the real world of traffic situation, the unit
of time, aa secound, is enough for simulating without
disturbing the systems).
(h)quhe fundamental eycle of timing gsing‘he?e is, 120
secticn per‘cyclg, actually this can 5e ghanggd to any
numbqrs.;

(i) The basic intersection té be considersd is shawm in

Fig. 3-1
(1) 'The detector is fized for W-bound of the basic inter-
| éection as shown in Fig. 3-1.
. (k) The minimum headway or the gap between two vehicles is
given about 1 second, laccording to The Shifted Exponential
‘Distribution given by'GerlougEﬁ}
(1)  Initlalized queuse of each bound is assumed to be zero,
it may have tﬁe“value if it is desired,
. (m) The,stagzing phase for N-§ bound is red phase, and the
other W-E bound is green phase.
{n) Assume that the ember bhése.is very sﬁéii'io:efféét'the

system, because it is not talked about delay time at

1 J.M. Aitken, Traffic Engineering & Control :"Simulation of Traffic Conditions

-~ at an Uncontrolled T-junction," October 1963, pp 354.
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(a)
- bistribution is applied for the input distribution at
(r) .

(s).

().
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an intersection.
Assume no interfering among lanes. (This is the
ultimate assumption that the drivers should or must

follow the traffic law,)
athev

'?bisson distribugioﬁ or in the orther word Exponential

the outer-bounds for free flow condition.

The mean of Poisson distribution using here, follows

the mean. of the data collected from some parts of

Bangqu -
The applicagion of the model. is shown in Fig. .

(Apply for Z-intersections,) The. optimal gueue-length

. between the intersectiong is the objective.

18M 1130 system and programning are used for setting

‘the tafficmodel. —
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