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'MATION OF GRAVITY MODEL COMBINED WITH THE MULTI-NOMIAL-
LOGIT MODEL BASED ON TRAFFIC VOLUMES

styorini Ofyar Z. TAMIN
Professor

ment of Civil Engineering Department of Civil Engineering

= of Technology Bandung Institute of Technology Bandung
aesha 10, Bandung 40132 Jalan Ganesha 10, Bandung 40132
== Indonesia

$-29-2502350 Fax: +62-22-2502350

Suistyorini smd@yahoo.co.uk E-mail:ofyar@trans.si.itb.ac.id

= Mazny problems in transportation require an Origin-Destination (O-D) matrix which is
st=ined from a large survey. This survey tends to be costly. Therefore, more use should be
i <t traffic data. This research aims to enhance the accuracy of the doubly constrained
pocel using negative exponential as deterrence function by applying transport demand
Sescribed as a function of one or more parameters. The estimation methods have been
2 namely: Non-Linear-Least-Squares (NLLS) will be used as methods to estimate the
= of transport demand models. The work concentrated on the estimation of Gravity (GR)
mmbined with the Multi-Nomial-Logit (MNL) model. General conclusions regarding the
sows of the approach are given at the end of the paper.

=nt of techniques for calibrating the trip distribution models from traffic volumes to
+0-D matrices is well advanced (see Tamin, 1988, see also Figure 1). Figure 1 shows the
o the Transport Demand Model Estimation Research Agenda which have been conduct
B8 Dy the Division of Transportation Engineering. Therefore, positive results on this
=t wall be further developed by combining trip distribution and mode choice model (TDMC)
=t it using low cost traffic (passenger) volumes information (see Tamin and Purwanti,
) Bs case, the TDMC model is represented by a function of a model form and relevant

combining 'traditional’ data sources (home or roadside interviews) with low cost data
sunts is not entirely new (see Tamin, 1988, see also Figure 1). The models can be used
. for example, roadside interview data with traffic (passenger) counts and this can be
% or without an explicit travel demand model (trip distribution model). For the purpose of
+ demand estimation, this idea can be extended to the development of a practical
~ach to calibrate the combined Trip Distribution and Mode Choice (TDMC) model
ssenger) counts and other simple zonal planning data.

= assumes that either trip distribution or mode choice model is represented by certain
s As usual, the traffic (passenger) counts are expressea as a function of the TDMC model.
he TDMC model is represented by a function of a model form and relevant parameters.
=< of the postulated model are then estimated, so that the errors between the estimated
=2 w=ffic (passenger) counts are minimised.



ES

Jevel of accuracy of the estimated O-D matrices depends on some following factors:

= transport demand model itself in representing the trip making behaviour within the study
area,;
#he estimation method used to calibrate the model from traffic counts;
&rip assignment techniques used in determining the routes taken through the network;
Jacation and number of traffic counts;
“errors in traffic count information;
‘&nally, the level of resolution of the zoning system and the network definition.

Choice is a major element which has to be considered carefully by travellers as an attempt
smize their travel time. The main objective of the route choice model is to predict the correct
schput of traffic on each road (flow distribution). The previous research still in a burden
on of “All or Nothing” which was assumption that driver who select a route try to minimize
=nse, not depend on traffic flow level, so all driver will select the same route.

m is not realistic for some congested road network in urban area because it never
scer to the traffic jam effect and various of perception in considering of route selection.

=ver, the previous research still in a burden condition of “All or Nothing” which is not realistic
=me congested road networks in urban area. So, the main objective of this research is the
g=tion of a combined trip distribution-mode choice model estimated from traffic count under
Brium condition (congested road network).

=ina to the previous research, the main objective of the research development is develop and
wmstrate the application of a combined trip distribution-mode choice model estimated from
- count under equilibrium condition.
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RATURE REVIEW

Model Formulation
Proportion of Trip Interchanges on a Particular Link

One can interpret link flows (or traffic counts) as resulting from a combination of two elements:
an O-D matrix and the route choice pattern selected by drivers on the network. These two
==ments may be linearly related to traffic counts, see equation (1), the total volume of flow in
== particular link | (V) can be expressed as follows:

= I 1
= Vi =ZLliyypry )
g id

’ shis reserch, the use of equilibrium assignment method which consider the congestion effect
=== the value of p|, obtained is between 0-1.

: Trip Distribution-Mode Choice Model
anzlogous transport gravity model is:

0,0,
2

I, =k kis a constant @)

i
id

wooose now there are M modes travelling between zones, the modified gravity model
onstrained Gravity Model) can then be expressed as:

T, =Y (or.D;.A" B} 7 )

where: A" and By = the balancing factors expressed as:

d i
' process is repeated until the values of A" and B} converge to certain unique values.

Multi-Nomial-Logit model (MNL) as a Mode Choice Model

%= most general and simplest mode choice model (Multi-Nomial Logit Model) was used in this
It can be expressed as:

s exp(— ﬁ.C,,'f,)
T;=1,. Zexp(— B C!Z) (S)

sstituting equations (2)-(5) to equation (1), then 'the fundamental equation’ for the
Bmation of a combined transport demand model from traffic counts is:

i exp(— B.Ci"‘,) ©

vk = Zd:Z (04 DA B faDa Z exp(—' ﬂcf;)




Sauation (6) is a system of L simultaneous equations with only one (1) unknown parameter ()
%==c o be estimated.

‘ Estimation Methods

=== are four estimation methods to estimate the unknown parameter so that the model
sduces the estimated traffic (passenger) counts as close as possible to the observed ones
== Tamin, 2000).

. Least-Squares estimation method (LLS or NLLS)

Maximum-Likelihood estimation method (ML)

Bayes-Inference estimation method (BI)
Maximum-Entropy estimation method (ME)

_ Mon-Linear-Least-Squares Estimation Method (NLLS)

= —=in idea of this method is to estimate the unknown parameter which minimises the sum of the
s.=r=d differences between the estimated and observed traffic counts. The problem now is:

to minimise S = Z[V,”‘ -t ]2 )
i

= observed traffic flows for mode k V= estimated traffic flows for mode
' k

no substituted (6) to (7), the following set of equation is required in order to find a set of
own parameter B8 which minimises eq. (8):
22T
d

&‘ k Ik k i
N2 DTk Pl -V | ||=0
B Z,: ( ,- Zd: ol B ) SB.pi -

s=tion (8) is an equation which has only one (1) unknown parameter 8 need to be estimated.
=n it is possible to determine uniquely all the parameters, provided that L>1.
swton-Raphson’s method combined with the Gauss—Jordan Matrix Elimination technique can
= be used to solve equation (8).

" Maximum-Likelihood Estimation Method (ML)

min (1988, 2000) have also developed an estimation method which tries to maximise the
s=bility as expressed in equation (9).

to maximize L= c.H p,’;’k (&)
!
subject to: > V,* — VE=0 (10)
!

‘_ +ain idea of this method is to estimate the unknown parameter which maximise L.

Max LI=Z‘{I7,k.log:(z I}Z.pjj)—ﬁ.ZZT,j.pﬁj]+0ﬁT" —V¥log V¥ +loge  (11)
1 i d

binad,
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T

sz: B.pu

m Im
oLy -Pia

5L, . ;
il TR T Pt o —F tak kg s S (12a)
5B i Z 3o Z; SB.p
i .id
5[41 m Im m
— = f= —9[22% o } =0 (12b)
o0 o

Ematio (iZab) is in effect a system of 2 (two) simultaneous equations which has 2 (two)
grameters fand 6 need to be estimated. Again, the Newton’s method combined with the Gauss-
rci=n Matrix Elimination technique can then be used to solve for equation (12ab).

Bayes-Inference Estimation Method (BI)
= pbjective function of the Bayes-Inference (BI) estimation method can be expressed as:

to maximize Bl = Z[I},k log, (Z Z T ﬂ (13)
! i d

& order to determine uniquely parameter g of the Gravity (GR) model, which maximizes equation
[13), the following two sets of equations are then required. They are as follows:

QQ:Z v N 0T, ot |=0 (14)
B LD EeE) e B

i d

u=tion (14) is an equation which has one (1) unknown parameter g need to be estimated.
Newton’s method combined with the Gauss-Jordan Matrix Elimination technique can then be

7. 3 to solve for equation (14).
‘ Maximum-Entropy Estimation Method (ME)
=matically, the objective function of the ME estimation method can be expressed as:
N N
L|NN ZZwaPfd N N =
e B =333 von| B (33 m L )e

I=1| i=l d=1 f i=l d=1

(15)

» order to determine uniquely parameter B of the GR model which maximizes the equation
15). the following equation is then required. They are as follows:

) YT
Pia

OE, T
—L = E E E il 44 11=0 16
op 7 ( e o 08, Vl" (16)

mw=tion (16) is an equation which has only one (1) unknown parameter B need to be
ated. Newton-Raphson’s method combined with the Gauss-Jordan Matrix Elimination

vique can then be used to solve equation (16).
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Figure 2 Research Methodology
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Application in Artificial Network

el R

Figure 3 Artificial Network

6




1 Matrices Cqd'

From/to 1 2 3 4
1 15 20 30 60
2 35 15 50 55
3 60 45 20 45
4 35 50 45 15
2. Matrices Cig*
= From/to 1 2 3 4
1 5 |10 | 20 | 50
2 25 | 5 | 40 | 45
3 50 | 35 | 10 | 35
4 55 EA0EIE35ES
3. Matrices Cg
Assumption to get Cqy value
i (C,.’,, +C,.f,)
o 2
From/to 1 2 3
1 10 15 25
2 30 10 45
3 55 40 15
4 30 45 40

Simplification process to get p, value:

Figure 4 Artificial Network to get
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T12 = 810
Cost Function in each route is:
Route 1 : C12 + 0.005 Vl

Route 2 : C12 + 0.02 V,

Route 3 : C;; + 0.015 V5 :

Using Repeated Assignment Method, Origin Destination Matrices is assigned in nes _' :
continuously.  Start with an all or nothing assignment, and then follow the

Frank-Wolfe to iterate toward the minimum value of the objective function. T > |

volume is accounted as linear combination between V, and V (.., in each assignmens ¢
This algorithm as bellow:

1. Choice 1 set cost data

2. Build 1 set minimum cost, set n=n+1 g
3. Assign Origin Destination Matrices using all or nothing assignment to get Fic
4. Calculate volume existing :

Sl e

¢ : Parameter (with value = 0-1)
o) : Traffic flow in stage n
F, : Traffic flow from all or nothing assignment with travel ctst

vV, Traffic flow in stage (n-1)

5. Calculate new travel cost base on flow ¥, . The procedure is stopped

two successive iteration are quasi-equal.If not, go on tage (2).

The new travel cost is accounted after each combination of flow (V,(‘" ) s

process is repeated until convergence.
@ =1/ sum of repeated = 1/n

Next, for real network system, py' value is expected as output of assic :
software programs. The implementation in software can see on this figure, uss ('



' C:\WINDOWSIsystemn\.cmd.e)ﬁe

Masukkan Jumlah Zona: 4
Masukkan Hilai Beta: @.06

ATEIK Cidk {(Moda 1)

15.28668 29.988088 j&.A086a8 6H BBEAG
35 . 1100086 15 .38008 58. 88806 L5 . 00668
60 .26866 45 . 8666 28 .A0603 45 . 08866
35 . 36069 t0.0808000 45 . ARG 15.0866060

MATAIK Cidm ‘Moda 23

5. 013866 19. BBﬁBE 28. 00860 58.208060

2” BARBG -606A8 48 . BEEBH 45 .880608

5@ .19a688 JS,BBﬂﬁ@ 18.968008 35 . 86865
25 . 308088 - i 49 . 88866 35.P883068 % . 98838

MATRIK Cid (Moda 1>

16~ 16608 15 . 68886 25 .688860 55.098868
38 .30066 19.03668008 45 . A8ARG 58.6806606
5.138A40 49. 088688 5 i5.608380 46 . 83686
37.38086 45 . ABRan ; 46. AnAR 1.8. 26804

MBTIRIK fid

(.54881 B.48657 B.22313 0.83688
B.16538 B.54881 0.B6721 B.6497%
4.33688 6.0%872 @.40657 3.P7G72
B.1553@ B.66721 B.69872 §.54881

Nlldl Bd Konuergen:
3.89028 @.06826 6.80615 8.038012

Nilai fi Konue;qen.
8 73326 B.89939 1.31778 B.95238%

H1l;1 Tid:

2286 .9B61% 766 .24685 164.2753%

2271 .832648 214.28877 - 163.19285

1558.97926 5381 .744%6 1234.44324
L3RI TR 1437.22422 8938.48856

Nilai Tidk (Tid Moda k>: : 8
S6R.59738 £18.35879 © 342.56037 + 58.248993
124.26192 865.31693 75.93187 57.82636
11 .183 552.41445 1986.98527 437.41718
-41168 489 .808154 5609.27134 3167.15532

Nilzi do_fid:

—-5 . 48812 -6 .89854 -5.57825 -2.82857

~4.75897 o 2 -3.82425 -2.48935
~6.A9854 -3.62872
-3.62872 -5 .48812




Nilai do_Tidd{id>{j)>:

12547.39686
4483 .37376
7657.21165
486 .81126

16156 .56272
19822.82326
-1168%.92172
-18969.3%425

INilai do_Tidk<(i>{j>:

1826 .55833
2390.960814
3456.45938
4138.56842

INilai do_do_ Ai<
6439 94.37

-1633.16701
1826 .48855

—7468.81986
-9884.11974

111369 88216

-14194.846%4
—7585.57386
47431 .39722
—25658.97727

—7241 .61711
—3178.15898
4494.44131
—12377.48454

156664.49243

—8509.11184
—7753.87638
—28764.12445
45827.18277

—3398.98623
-31208.89672
-13816.62251
—4493.83976

1348308.16451

Nilai do do_Bd(
2.13278 2. 12942 1 95125 1.88759

Nilai do_do_Tid<{id{(j>:

1308826083 .64529 44.38921 8@513 28159211 .54768 4829198.06394
4948829512239 274554564.93@93 26449256.91319 20503484.42459
16974122 44935 176317899.62314 616345986.86588 143439447.14966
597989594 .79386 1808347216.91534 189215139.39188 1188AA5571.26704

INilai do_do_Tidk<(id{(j>:
1929567098289

6708126.43361
(92338255.71888

21356322.84487 18374987.68699 43736862.57635

118015@96 .38168 19251525.24228 24589105.28556
§7267713.81963 336982925.17437 1G8739728.99139
83566759 64777 127839234.87612 118669445.58786 527716165.81818
lirus akhir pada rute 1: 582.41749
firus akhir paﬁa rute 2: 129.65613
firus akhir pada rute 3: 162.87816

:11&1 pid tiap 1:
B.63265 >.36735 8.16327 8. 23438

ilai £: -3137486.81322
INilai £: 41838965628.56481
Milai h: 0.0A8888

INilai Beta baru adalah (Betaln—11+h>: G.86688
Press any key to continue . . .

Figure 6 Output Program (layer 2)
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