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Abstract.

There has been a substantial interest in the development and application of methodology
for estimating origin- destination (O-D) trip matrices from traffic counts. Generally the
quality of an estimated O-D matrix depends much on the reliability of the input data on
link volume counts and prior trip matrix. Usually the data will not be precise. Hence it
becomes imperative to take imprecision of data into account while formulating the
mathematical model for O-D flow estimation. Here a two phase method which can
estimate the O-D flows from imprecise or fuzzy data is presented . The model is designed
to get inferences about the O-D trip tables from a fuzzy data on a partial set of link counts
and prior trip matrix . The objective function as well as the constraints are taken to be
fuzzy in nature. The suggested methodology uses a symmetric fuzzy programming
approach which does not distinguish between objective function and constraints. Max
Min operator method is used for obtaining the solution in the first phase. A second phase
is also considered for improving the already obtained solution if improvement is
possible. The proposed method is illustrated using a numerical example.

1.Introduction.
An origin-destination trip table is a matrix whose elements represent the number of travel
trips made between various O-D zone pairs located within a road network for a given
region. The information contained in the table is often used to predict traffic flows on
various routes and links of an urban network.Based on these predictions, decisions are
made to design new roads as well as to improve existing ones to carry the expected
traffic. Various transportation system management’s actions also rely on such traffic
volume information.

Traditional methods for collecting trip table information include home interview
surveys. road side interviews, license plate surveys etc all of which are

expensive and  time consuming. Several inexpensive methods for estimating O-D
matrices were evolved during early seventies, making use of link counts data that is
easily obtainable.

The approaches prevalent in literature for estimating trip tables from link counts can be
classified into two, namely, parameter calibration techniques, and matrix estimation
methods.. However these techniques require zonal data for calibrating the parameters of



the demand models and are therefore of limited practical use and also become outdated
relatively soon. But matrix estimation methods rely only on traffic link counts and a prior
information in the form of a trip table and are easy to implement. There are two types of
approaches within this category, namely, standard estimation procedure and
mathematical programming methods, the latter being based on maximum entropy theory
or network equilibrium based techniques.[Erlander etal (1) Sherali etal(3,4)]Here a non
proportional assignment approach based on traffic equilibrium principles of
Wardrop(1952) is proposed. Existing methods based on these techniques estimate OD
matrix using link volume counts and target trip matrices which are crisp numbers. But
due to inherent inconsistencies in the link flow data, sometimes there might not exist a
trip table that can exactly duplicate the link flows which are crisp numbers. In addition
to that in many real situations it is rather difficult to obtain precise values for link
counts and target matrix. To overcome these difficulties the proposed method uses fuzzy
data. |Sushama and Revati (5)] The model is designed to handle the situations in which
a partial set of target trip table and link counts are given and all of which are represented
by appropriate fuzzy numbers.

The remainder of this paper is organized as follows. The next section is devoted to the
introduction of notations, salient features of the problem and formulation of

the model. Section3 presents a solution procedure for this model. Section 4 suggests

a second phase to the solution procedure aimed at giving an improvement to the

already obtained solution if there is a room to improve. A numerical example is

provided in Section 5 for computational experience. Finally conclusions are given

in Section 0.

Section 2. Notations and Model Formulation.

Consider an urban road network for a particular region. Let N denote the set of nodes
representing either traffic intersection points where flow is conserved or zones where
trips are generated and/or where trips terminate. Let A denote the set of corresponding
directed links or arcs representing the roadways existing between designated pairs of
nodes. Let OD denote the set of O-D pairs that comprise the trip table to be estimated,
where O is the set of origin nodes and D is the set of destination nodes. The problem of
reconstructing the trip table given fuzzy link volumes and target matrix values is
considered here.

Let A, represent the set of links in the traffic network for which link volume information
is available and A, represent the set of links for which link counts are missing with A =
A. U A, Let f, represent the set of available link volumes for all links ac A,. To
formulate this model, the implicit enumeration of all possible n; paths between each
OD pair (i, j) € OD is considered.

_ jl if the k™ path between iand j uses the link a

Kk
Let Pij Ja =3 .
| 0 otherwise



Let x;" denote the flow on path k = 1.....n; (i, j) € OD. Then to determine x;;* that
reproduces the observed link counts f, ,acA,, we need to find a solution to the

n,
system > Y (p,f), x5 =1, aeA

(1.)eObD k=1

Note that the OD trip table entries T;* are related to the path decomposed flows by

T, = Zx,‘,k» (i,)) € OD

Based on the observed flows f,,a €A,, link travel costs ¢, can be computed. If the

observed flow pattern represents a network user equilibrium solution corresponding
to some interchange of traffic between the designated OD pairs then by Wardrop’s
first principle (1952) all routes between OD pairs that have positive flows have equal
travel costs, and this cost must not exceed the travel cost of any other unused route
between the OD pair.

Let C,j" denote the cost on route k between OD pair (i,j) foreachk =1,...,n; .
(1.j) € OD. Let cfj=Min{ Cj* .k=1,...ny }.

Further let Kjj = { k / ke {1, ..., nj}and Ci_,k = CE. } and EU ={1,....n;} - K.

let OD represent OD pairs (i,j) with T;; > 0 using paths containing links whose link
volumes are unavailable. For each (i, j) € oD < OD. Let CNQU- denote the fuzzy

values of a prior trip table having associated OD flows t;; >0

['hus the fuzzy model of the estimation problem is

Model 1:
n,
Min > >c,fx,t
{ine0D k=

st D D pyax = f, acA,

(i,j) eOD k=1
D> xi=Q; .G.) e OD
k=1

Cy VkeK,

-~ Kk 1
where C* =4 "

MC; Vv keK| (M>1)
Given 1n the next section is a solution procedure for solving the above fuzzy
programming problem when R.H.S values of the constraints are taken as triangular fuzzy
numbers.



Section 3. Solution Procedure — Phasel.

et the range of values of these triangular fuzzy numbers be f, +f," and

Q. =, where ' & Qi‘," are suitable numbers that are given by E and (N)U for each

a=A, and(ij)e OD

Let /- Z {ZC”kXi]k , U= Z i([’gk)a X"

G e0D k=i (i,peOD k=l
”H
, K. : K
and V= z x, sothat Z, UandV are functions of x;".
k=!
Let X denote the vector with components x;*. To start with, the membership function p,(x) of

the objective function is to be identified. This involves finding the optimum objective
function values z" and z' of the following two linear programming problems as in Guu
and Wu(2).

Problem. |

Min Z
st. U+f'r > f)
V+Qy'r = Q (P1)
Xiij 0
Problem 2
Min 7
st U-f'r < f,

V-Qi'r=Q; (P2)
XUKZ 0

The membership functions p,(x) of the objective function is defined as

[0

1z -7 ..
_ it 7' <z<z°
Ho(X) = 4204
0 otherwise

Also the membership functions p,(x), a€ A, and pp(x), be OD
of the link volume constraints and prior trip table constraints are defined as follows.



0 if U>f, +f,
0 if U<f,-f,
U-(f, -f! o
X)) = # if f,~f,<U<f,
‘ fi]
f,+f)-U
arla)=l e f, sU<S, +f,
fy
0 if V>Qy+Qj
: 0 if V<Q1J—Ql!_l
V@, -Q))
: Q“ - & 4
(Q, +Q))-V
by if Q,<V<Q,+Q,
Q d
1)

Having defined the membership functions of objective function and constraints the well
known Max Min operator is used to determine
Max Min {uo(X) Ja(X) YV a€ A, up(x) V be OD }

lhe crisp equivalent of the fuzzy model is given as

Max o

s pptx) =1 (P3)

g pg(x) < 1 Ya€ A,

Gepnx) <1 ¥ be OD

o2

Let (x*. o*) denote the optimal solution yielded by the Max Min operator, then the Tj ‘s

n,

are given byTj; :Zx}j . This provides a solution to the OD matrix estimation problem
k=]
with  the degree of satisfaction for the objective function and constraints as po(x*),

lLix*). ae A, wp(x"), be oD .
Section: 4 Solution Procedure-Phase 11

In this section a second phase to improve the above solution yielded by the Max Min
operator is suggested. This model is a combination of the mini operator model and the
arithmetical average operator model.

Max Zia]

e A, wOD

SUCRX) o< (<1 V]
x 20
This optimum solution x** sometimes gives a better value for the objective function



than that of x*. In case the objective function value remains the same, it is still a better
solution in the sense that some constraints attain, if possible a higher degree of
satistaction. If the decision maker is seeking an improved solution over max-min
operator’s solution so that each membership degree should be improved, then it
automatically is attained in the second phase , if there is room to improve.

Section 5. Numerical Example:

Link index: 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Linkarc :1-7 2-7 1-5 7-8 2-6 5-8 85 86 6-8 5-3 89 64 9-3 94
Linkcost: 40 40 120 110 110 30 40 40 50 120 120 110 40 30

Partial data of link volumes ., which is link volumes on links 4,5 and 6 are given by
triangular fuzzy numbers (215,20, 215,20), (265.20, 265,20)and (190, 20,190,20) Prior
mlues of trip matrix are also given as triangular fuzzy numbers, (210,20, 210,20) ,

140.20.140.20) and (135,20,135,20) for the i-j palrs 1-3, 1-4 and 2-3 respectively.
(J!\ellf = j15 f< 265 f(,— 190 and f4 f5 :f() = 20.

Number of different paths for the O-D pairs are as follows.
k=1.2.34 for the O-D pair (1-3)

l\zilwl for the O-D pair (1-4)

k=1.23.4 forthe O-D pair (2-3)

k=123 forthe O-D pair (2-4)

Accordingly there are 15 variables xi_ik. Let these variables be renamed as xi, X7, X3, ....X5
respectively.

From the fuzzy hnk volume and fuzzy target matrlx values f;=215, f5 265,
f,=190 and fy' = £5' = £,' =20 Q13=210, Q;3' =20, Q14 = 140, Q14! =20, Q3 =135,

Q [ j()

With M =10 the objective function is
Min 240x; + 2400x, + 2400x; + 2400x4 + 300xs + 300x¢ + 300x7 + 300xg + 3100x¢ +
31()()X|4< + 3 IOXH + 310X|2 + 220X13 + 2200X14+ 2200X15

Constraints are
Xp Fxox3+ x4 > 190
Xp Fxor X3+ Ky < 230

vV

N B Xt Xet xg 2120
Ns b Xt Xs+Xg < 160

Xg ¥ Nt Xy T X2 =115
Xg © Xy " Xy T X2 <155



=X v Xs +Xg 2 195
Xt Ny P Xs T Xy <235

245
285

Xo™ g T X7 Xg T Xyt X2 T X5
Xowxy " Xo+HXe X+ X2t X5

NIV

Xe ™ Nj v Xz X4 >170
Xo ™ Xy v X3+ Xpg € 210

N2 D

Solving the problems P1 and P2,
we get 7’ = 158850 with x;= 195, x7=130, x;1=115, x13=170, x;= 0 for other j’s
and 7z = 0 withx,=0, j=1....... 15.

Phase i
The problem P3 now takes the form

Max

st 240x; + 2400x; + 2400x3 + 2400x4 + 300xs + 300x¢ + 300x7 + 300xg + 3100x¢ +
3100xy0 + 310x1 + 310% + 220x3 + 2200%,4 + 2200%,5+158850 < 158850

240x, + 2400x; + 2400x; + 2400x4 + 300xs + 300x¢ + 300x7 + 300xg + 3100x9 +
3100x,0 -+ 310xy; + 310x 5 + 220x13 + 2200%x14 + 2200x,5> 0

X N o Xa+ Xy - 2000 > 190
X: = v - Na+xg +2000< 230

Xe "X T X2+ Xg - 20 02120
ot N, v Xa+ xg+ 2000< 160

Xt Ny 77X +X]3-200( >115
Xo + Nip H N H X2+ 2000155

P X T X5t Xe- 2000 2 195
X 4t Xy " Xs+ X+ 2000 <235

Xot Xy XeF Xg Xyt X+ Xps- 2000 > 245
Xat Xy = Xo+Xg+ X+ X2+ x5+ 200 < 285

Xo t Xjot N3 T X4 - 20002170
Xo N+ X3 FXat 2000 210



Optimum solution is x| = 195, x7 =130, x;; = 115, x;3= 170, =0

then =0, =025, 12=05 W= W= =l =0
Accordingly the estimation problem has the following solution.
| i3 195. T]4: 130 sz, = 115, T24: 170.

Phase 11
Max o+ oo +o3 + oy + o5 + O
stooy > 0.25
oy = 0.5
240x; + 2400x; + 2400x3 + 2400%x4 + 300xs + 300x, + 300x7 + 300xg + 3100x¢ +
AT00x 0+ 310x1+ 310x;; + 220%3 + 2200x 4 + 2200x,5+1588500 < 158850

2405, + 2400x; + 2400x3 + 2400x4 + 300x5 + 300xs + 300x7 + 300xg + 3100x¢ +
STO0X 0+ 310x), + 310x15 +220x3+ 2200x4 + 2200x,520

N> P X3t Xg- 200 2 190
NNt X3t Xy "‘2OOLIS 230

st Na P X9 Xg - 20 a0 2120
Ne T NG P X7+ Xet+ 200 < 160

NNt Xy +X12-2OOL3 >115
oo N P X X2+ 2003 <155

VX B Xs X - 20004 = 195
Nt Xs ot Xs F Xt 2004 <235

Mot Xy T XrFXg X T X+ Xy5- 2005 > 245
Nt X P XrtXg Xt X+ X5+ 2005 < 285

ot Xp T X3 X - 200 > 170
Not Xint X3t Xet+t 2006 < 210

W20 j=1,18.

Solution of the above problem is the same as the previous one itself which indicates
that further improvement in the solution is not possible.



Section 6. Conclusion.

Although several methods have been considered earlier to estimate OD matrix the
proposed method has the advantage that it is capable of handling a fuzzy data which in
many cases is more realistic than a crisp data. Also the solution method adopted here for
solving this type of fuzzy linear programming has an advantage over methods like the
minimum operator or parametric programming because it just does not pursue the highest
membership degree but also pursues a better utililization of each constraint resource.
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