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Abstract: The objective of this study is the development of the estimation technique for the
transit origin and destination matrix using counted data. This problem can be desiribed and
formulated as a bilevel network design problem. The objective iunction is the minimization in
both of the based and estimated transit origin and destination matrix, and the assigned and
counted person data. In our studies, a genetic algorithm has been developed in order to obtain
a global solution using the Spiess and Florian's transit assignment rule. The comparison of the
estimated transit origin and destination matrices usinf each of the developed Genetic
Algorithm and the Gradient algorithm based on the Spiess and Florian transii assignment
algorithm has been conducted using a small example transit network. The results shJw that
the GA method and the Gradient method reproduced similar assigned values as the counted
values.
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I.INTRODUCTION

The origin and destination (O-D) matrix is one of the most important elements in
transportation planning process. The accuracy of the o-D matrix plays key roles in the
transport planning process in order to make and evaluate various transport policies. However,
due to the nature of the O-D matrix, which is the desired people's or ireight's movements on
urban and regional space, it is very diffrcult and coslly to estimate the O-D matrix.
Traditionally, transport planners survey the O-D movements in order to estimate the O-D
matrix. Even though the cost bf the O-D survey requires high amounts of resources, the
accuracy is relatively low. Even more, in the developing country, the transportation situation
has changed very quickly and thus the transportation environmint has been unstable. So the
transportation planning should be frequently rectified according to the newly planned
environment in order to capture the changed situation in the limited iost and time.

Fortunately, Intelligent Transport Systems have been introduced and deployed many high-tech
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and reliable surveillance systems. These enables to obtain and use the accurate data tbr the

;;;rt"";Jpr.ai"rionirtn" o-o matrix. In particular, the.information on each of the

p""pf"'. origin ana destination movements between transit stations can be quite accurately

iUiiir.a usi',g the database of the ticket sales and ticket gates. In conjunction with these

entrance and exit intbrmation on the ticket gates, the Person trip survey database can be used

for the estimation oi the fiansit origin and destination matrix' The person trip surveyed data

has been outdated hccause the survey has been conducted every five years, and in its nature, it

requires a huge amotlnt of costs and times.

Therefore, the objective of this study is the development of the estimation technique for the

transit origin and destination matrix using counted entrance and exit data in ticket gates. The

Uu.. tr*Jit origin and destination *utri, 
"un 

be initially estimated in the base of the

expansion techni-ques using the person-surveyed data. Then the matrix has been updated using

the entrance and exit co-unted data in ticlet gates. This problem can be described and

formulated as a bilevel network design problem. The objective function is the minimization in

both of the based and estimated transii origin and destination matrix, and the assigned and

counted person data. The constraints are the person movement conservation equation between

origin and destination, and a transit assignment principle based on-a transit assignment rule' In

our studies, we assurue transit assignm.rt follo*t the Wardrop's first principle, and the Spiess

and Florian's transit assignment rule. The nature of this problem leads to have multiple

eluilibria. In our studies, i genetic algorithm has been developed in order to obtain a global

solution using the Spiess La Florian's transit assignment rule. The comparison of the

estimated traisit origin and destination matrices using each g! ft" developed genetic

;ig;ilr- and the gridient algorithm based on the Spiess and Florian transit assignment

aliorithm has been conducted-using a small example transit network, which has J lines, 8

nodes and l8 links.

2. EXISTING STUDIES

Since the demand data cannot be observed directly, it must be collected by carrying out

elaborate and expensive surveys, involving home or road based interviews or complicated

number plate tagging schemes. By contrast, observed link volumes can be obtained easily

either manually or automatically using mechanical or inductive counting devices..fhus, 1
considerable amount of research has been carried out to investigate the possibility of
estimating or improring an origin-destination demand matrix with observed volumes on the

links of tI" 
"onrid"r"dietworl. 

Many models have been proposed in the past such as Van

zuylenand willumsen (1980), Van Vliet and Mllumsen (1981), Nguyen (1982), Van Zuylen

ani Branston (1982) and Spiess (1937) among others. Most of these traditional approaches

can be formulateci ^ "on "* 
optimization-problems in which the objective function

corresponds to some distance funttion between a priori delan! matrix and the resulting

aemana. The constraints are then used to force the assigned volumes to correspond to the

observed volumes on the count post links.

2.1 T?ansit Assignment based on optimat stratery (Spiess and Florian, 1989)

The fixed cost transit assignment model based on optimal strategies is briefly described' For a
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more detailed description of the model, see Spiess (1984) and Spiess and Florian (1989). For
easier presentation of the model, the transit network is assumed to be represented by a
standard nodeflink type network, where a set ofnodes is connected by a set oflinks. A travel
time (or cost) and a service frequency is associated with each network link. The demand
between nodes is given priori. The itineraries of the transit lines are implicitly contained in the

network topology. The set of nodes not only contains the physical nodes of the underlying
street or rail network, but also one additional node for each transit stop ofeach line, The links
are subdivided into various classes, such as boarding, alighting, in-vehicle and walking links.
Only boarding links imply waiting, thus have a finite frequency. All other links are served

continuously. The waiting time at a node depends on the set of attractive links, i.e . the set of
outgoing links which are considered for Eavel by the travelers by boarding the first vehicle
leaving on any of these links. For any given set of attractive links a node, the combined
waiting time is proportional to the combined total frequency of these links and the probability
of leaving nodes on links.

Given the above relations, any strategy for reaching destination is c,rmpletely defined by the
corresponding subset ofathactive links. The optimal strategy for rr rching a destination is the
one which minimizes the total expected cost. The cost of a strategy is the sum of link travel
times weighted by the piobability of traveling on links, and the waiting time at nodes

weighted by the probability of traveling through nodes. For fixed link travel times, the
assigning of the trips from all origins to destination according to the optimal smtegy
corresponds to solving the linear optimization problem. The problem (see Spiess, 1993) can

be solved very efficiently by means of the label-setting type algorithm.

2.2 The Gradient Apprcach for solving the demand estimation using traflic counts
(Spiess,1990)

Spiess(I990) proposed the gradient approach in order to estimate the O-D matrix using traffrc
counts. It is formulated as an optimization problem so as to minimize a measure of distance
between observed and assigned volumes. The simplest function of this type is the square sum

of the differences, which leads to the convex minimization problem. This is iubject to the
pseudo-function used to indicate the volumes resulting from an assignment of the demand
matrix. The particular assignment model used must correspond to a convex optimization
problem, in order for the objective firnction to be convex. Since the matrix estimation problem

as formulated in the Spiess(1990) is highly underdetermined, it usually admits an infinite
number of optimal solutions, i.e. possible demand matrices which all reflect the observed
volumes equally well. In the actual planning context, we expect the resulting matrix !o
resemble as closely as possible the initial matrix, since it contains important structural
information on the origin-destination rnovements. Therefore, just finding one solution to the
problem in Spiess(1990) is clearly not enough.

If we would have a solution algorithm which inherently finds a solution close to the starting
point, we could leave the objective function as is. Fortunately, the gradient method, also
called the method of steepest descent, has exactly this property that we look for. It follows
always the direction of the largest'yield with respect to minimizing the objective function and,

thus, it also assures us not to deviate from the starting solution more than necessary. In order
to implement the gradient method, we also need to provide values for the step lengths.
Choosing very small values for the step length has the advantage of following more precisely
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the gradient path, but has the disadvantage ofrequiring more steps. On the other hand, when

choosing too large values for the step length, the objective function can actually increase and

the convergence of the algorithm would be lost. Thus, the optimal step length at a given

demand can be found by solving the one-dimensional subproblem.

3. PROBLEM FORI\,II_TLATION

The transit assignment based on the shortest path problem is concerned with finding the path

with minimum travel time including waiting and transfer time from a source to a destination

through a directed netu'ork. Let G=(N, A) be a directed network with node set N=1, ..., n and

arc set ACN x N. Each arc is denoted by a pair of nodes (i,i), where i€N and j€N' If A is
changed to a set of ordered pairs of distinct elements of N, then set G:(N, A) is a directed

network and A is the set of ordered pairs (i, j). The ordered pairs (i, j) are referred to as arcs or
linksandanarcgoesfrt-.nrnoCeitonodej.Apathfromanodestoanodedisasequenceof
arcs 5(s, ir), (ir, iJ, .... (i*, d) in which the initial node of each arc is the same as the terminal
node ofthe preceding arc in the sequence. In other words, node d can be reached from node s.

A pathp is open if s * -.rnd is closed if s: d. A cycle is a closed path p in which no nodes

are repeated except s anC there exists at least one arc. A network that contains no cycles is
called acyclic. If each arc (i, j) has an associated time ,, then a path p has an associated

distance equal to the sunr oi the distances of the arcs in the path. This in turn gives rise to the

shortest path problem, x'hich is to find the path with minimal distance between two nodes s

and d. In a given network both a source node and destination node can be designated. These

are interpreted as terminal nodes at which some activity begins and ends. In an acyclic
directed network with n ri,riles, the source can be labeled as node I and the destination as node

n and all other nodes cai'. ie labeled such that for any arc (i,j), icj.

Let -!, represent the travel time associated with the arc (i, j). If a set of all paths between a

predetermined pair of nodes, say s=l and d=n, is denoted as a P@e P), then the transit
assignment based on the shortest path problem can be formulated as:

minz(p)= L,, (l)
(i,ile p

where zis to minirnize the travel time taken to traverse from a source to a destination

4. GENETIC ALGORITHM APPROACH

The GA is a method for :rpproximate optimization simulating the process of natural evolution.
In the GA, candidate soiurions are represented by genetic strings. In addition, a diverse and

random population of such genetic strings must be created to represent an initial population.

The genetic string is a cailed a chromosome and the population at a given time is termed a
generation. The population of. chromosomes is maintained by the generations. At each

generation, each chromosome is evaluated by a fitness function and the chromosomes is then

selected to reproduce next generation on the basis of their relative fitness. The selected

chromosomes are recombined using genetic operators such as crossover and mutation to form
the new population. In each generation, the chromosomes in terms of relatively less fitness are

removed, and a set of ciuomosomes with relatively high fitness is reproduced to maintain a
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population of chromosomes.

4.1. Chromosome repnesentation

In constructing a GA for a specified problem, the first step is designing an appropriate
chromosome representation, i.e.. encoding, of the problem. In ihis researcn, a ne* approach,
namely link based representation, is proposed to create an initial population by focusing
attention on links consisting a network. The approach is to use the network itself instead of i
path as a chromosom":.T"1 each component of the chromosome represents a degree of the
contribution of each link for forming a path connecting an origin and a destination. A
chromosome is represented as a real number string betrvein 0 anJ I with the length of the
number of links consisting a given network and is given as

C = (c[] c[2] - c[n-l] c[n]), e)

where each component c[i] (i=1,2,...,n), 0( c[i]< l, is the contribution value of the
link i in the network. If c[i]> 0.5, then the link i is defined as a real link with the original
values(time and cost) of Iink i. otherwise, the dummy link with the infinite value replacei the
link i.

The chromosome C assigns the real links or the dummy links for each link in the original
network. Because the link values have been changed, 

-the 
chromosome C creates another

network ofa new structure from the original network. It is also possible to generate a unique
path from the newly constructed network. Therefore this encbding metoa is capable of
equally representing all possible paths(candidate solutions) for the original network. Also, the
advantage of this string representation is the simplicity of the chromosome structure and
permitting the application of conventional genetic operators.

4.2. Evaluation

The next stage is to convert a chromosome into a path, i.e. decoding, and to calculate the
fitness of a chromosome. In our encoding procidure, the chromosome representation
generates a new structure of the network. It is easy to generate a unique path from the network
reconstructed by the chromosome.

During each generation, chromosomes are evaluated using some measure of fitness instead of
an objective function. In most optimization applications, fitness is calculated based on the
original objective function. Because we treat with a minimization problem, we must convert
the objective value for each chromosome into the fitness value, so that a fitter chromosome
has a larger fitness value. This can be simply done by the inverse of its objective value as
follows:

Eval(p)=1/z(yt) (3)

where eval(p) is the fitness value for the chromosome p and z(p) is the objective value
of the chromosome p.
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4.3. Selection

The selection is a mechanism to reproduce next generation from current population based on

the fitness fimction, in which a fittir chromosomi has a larger chance of being selected to-be

reproduced into next g"n rution. The fitness is calculated based on the original objective

firnction, and the value of a chromosome is a scalar within certain boundaries'

Schaffer(I989) was the first one to attempt this approach and proposed dre vector Evaluated

Cl.rti" ifg"rithm. In tt 
" 

VgCe, a popuiation was divided into exclusive 1 t*noq't"tirnt
f* 

" 
pi"UfI* with n objectir* *a 

""i,t, 
sub-population favored its own objective function'

ft"n, u g"noA selection scheme isused to selicfthe parents for reproduction from each sub-

p"pfi"tifu. Thus it tri"J to find solutions in the neighborhood of the extreme poi'ts on the

optimal frontier. Some studies have been attempted to ou.t"o-. the problem with VEGA and

also the traditional elitist strategy for single objective optimization.problem can be selection

scheme to distribute tf,"pop.f"iiln alonithe optimal frontier. In this paper we use combined

method of Schaffer's VgCi and the elitist strategy to give out a set of optimal solutions' In

each generation solutions are updated and erentuaily, optimal solutions are searched through

the m-echanism of natural evolution such as crossover and mutation.

4.4. Genetic oPerators

The crossover is an exchange of a portion of the chromosomes. The operator combines the

components of two parent 
"irornoror", 

to form one or more offsprings. From a characteristic

of chromosome structure for our problem, a new method, called the one-point wgiglted su1

crossover, is developed. ln tfre proposed method, the offsprings inherit the weighted sum o!

components of two p-"nr"tro'-oroln"r. To illustrate, consider a network with n links and

the following Parent chromosomes;

A = (aul a[2] - a[n-l] a[n]) (4)

B = Otll bt2l - bln-21 blnl)

In applying the one-point weighted sum crossover to parents A and B' we first choose a

"rorroulr 
rlit". t 

" 
poriti* is elity obtained by using a integer k(truncate n/2)' If the number

of links n in a given network is even, then the offsprings are created as

A' = a'[i] = o x a[i]+(l-o )x 611.'L1 if i< k for all i:1, 2, "'1,
= "tii if i>k for all i=1, 2, "', n, (5)

B' = b,[i] = o x b[i]+(l-o )x 611+L1 if i( k for all i=1,2, ...,1,

= btil if i>k for all i=I, 2' "''t'

And those for a network with an odd number n are T s follows:

l'=a'[i]: o x a[i]+(l-o )x b[i+k+l]
= a[1] if i>k for all i=1, 2, "',1,

B,=b'[i]= o x b[i]+(l-o )x n111L','11

= btil if i>k for all i=I, 2, "',1,

if i( k for all i=I, 2, ...,nt

if i< k for all i=I, 2, ...,a,

where o is a random real number with values 03 o < l' When o = l' the

Journal of the Eastem Asia Society for Transportation Studies, Vot'+, Xo'f, October, lp01

(6)



155

A Genetic Algorithm for the Estimation of Transit Origin and Destination Matrix Using Traffic Count
Techniques

offsprings A' and B' correspond to the parent chromosomes A and B respectively

The mutation is an occasional random alteration process in a small probability. The operator
arbitrarily alters one or more components of a chromosome. To increase the variability of the
population, we arbitrarily alter all of components of a selected chromosome by some random
numbers in the range between 0 and l.

5. NTJMERICAL EXAMPLE

The evaluation of the GA approach is conducted using a small example network shown in
Figure 1. The GA is implemented using Turbo Cr-r on an IBIvI/PC compatible whilst the
gradient method is carried out using EMME2. Tables 1,2 and 3 give some characteristics in
number of traffrc zones, number of network links and lines, number of links with observed
volumes. The values are given in Table 4 between observed and assigaed volumes using the
initial demand in Table 3 and the adjusted demands in Table 5 and 6 after the adjustrnent
using the gradient method and the GA method. These results show both methods are very
good in terms of the similar values reproducible- In particular, the structure and the degree of
magnitude in the initial O/D matrix are maintained after the adjustrnent process has been
carried out using the Gradient method and the GA method. And the assigned link flows in
both methods have produced similar counted values in links. However, the GA method has
produced more close values to the initial demand and the counted link flow values than those
of the Gradient method.

Figure L Example network

Table I . The attribute of analysis network

Journal of the Eastern Asia Society for Transportation Studies, Vol.4, No.l, October, 2fi)1

Division Number Note

Zone 4 t-4
Node 8 l0t - 108

Connector t2

Link l8
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Table 2 Transit line data

Table 3. The Initial O/D Matrix

Table 4. The assignment results of transit line segment

Division
Headway

(mi)

uapacrty

(seated/tot)

Line capacity

(oerson)

lnrterary

(circulation)

Line I 5 50/ I 00 500 l0l,103,104

Line?. 5 50/l 00 500 106,107, 108

Line 3 5 50/t 00 500 t04, t0'1

D

o
I 2 3 4 Sum

I 257 374 299 930

2 318 288 235 841

J 455 501 485 1,441

4 201 299 32s 825

Sum 974 1,057 98',1 I,019 4,037

Division Itinerary Gradient
Ir.il-d.^,1

GA
Ir.r-rh^.1

link data

(nhserued\

Result

linel

0l- 03 231 231 23t

03- 04 472 472 471

04' 03 720 720 720

03- 0l 286 286 286

line2

08* 07 606 60s 606

07- 06 629 629 629

06- 07 846 846 846

07- 08 s90 591 590

line3
07- 04

'zb9 269 269

04' 07 2n 2t2 2t2
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o I 2 3 4 Sum

I 231 325 280 837

2 286 260 211 757

I 398 451 447 1,29',7

4 r9l 268 303 763

Sum 875 951 889 939 3,65 5
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Table 5. A revised O/D matrix after applying the gradient method

Table 6. A revised O/D matrix after applying the GA method

6. SUMMARY

The proposed GA approach and the Gradient algorithm provided in EMME 2 has been tested
on a small size network with 8 nodes and 18 links and 3 lines of the 4 origin and destination
matrix. The results showed that the GA algorithm can find the known solutions. In the test
carried out, the gradient method also was found to perform very well. These results show both
methods are very good in terms of the similar values reprodu"ible. In particular, the structure
and the degree of magnitude in the initial O/D matrix are maintained after the adjustment
process has been carried out using the Gradient method and the GA method. And the assigned
link flows in both methods have produced similar counted values in links. However, the GA
method has produced more close values to the initial demand and the counted link flow values
than those of the Gradient method. However, we need to conduct more experiments in terms
of the size of the network and the degree of the discrepancy of the counted values and
assigned values in various ways to see ifthese methods are applicable in real practice.

D

o I 2 3 4 Sum

1 251 323 294 868

2 295 267 230 792

3 398 468 466 1,332

4 197 274 328 799

Sum 890 993 918 990 3,791
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