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APPLICATION OF GRAVITY MODEL COMBINED WITH
SMIAL LOGIT MODEL UNDER EQUILIBRIUM ASSIGNMENT

Sulistyorini Ofyar Z. Tamin

a 53 Transportasi Program S-2 Transportasi
Teknik Sipil - ITB Jurusan Teknik Sipil — ITB
amesha No. 10, Bandung JI. Ganesha No. 10, Bandung
p= 212395 Fax - 2502350 Telp : 2512395; Fax : 2502350
SSersm smd ayahoo.co.uk ofvar@trans.si.ith.ac.id
Abstract
“traditional' data sources (home or roadside interviews) with low cost data like traffic

% m=w. However, the previous research still in a burden condition of “All or Nothing™ which
: congested road networks in urban area. The main objective of this research is the
wath multinomial logit under equilibrium assignment. The estimation methods, namely:
=s (NLLS) will be used to estimate the parameters of transport demand models. The first
Slementation is to code the algorithm into computer program, use C++ language. The
S contents of nodes, 8 links and 4 zones. The output program from experiment results and
=0 as the mathematical formula of TDMC Model Development can be applied in artificial
%2 spplication in real network with equilibrium assignment, would be use computer software

slimomial Logit Model, Equilibrium

ON

% study need model to predict movement. On planning work in the context of
%ic volume determined from estimation result that use modeling. This traffic
2 1s very useful for transport network system planning and traffic
52 idea of combining 'traditional’ data sources (home or roadside interviews)
2tz like traffic counts is not entirely new (see Tamin, 1988, see also Figure 1).
be used to combine, for example, roadside interview data with traffic
s and this can be achieved with or without an explicit travel demand model
model). For the purpose of public transport demand estimation, this idea can
B the development of a practical estimation approach to calibrate the combined
and Mode Choice (TDMC) model with traffic (passenger) counts.

‘assumes that either trip distribution or mode choice model is represented by
forms. As usual, the traffic (passenger) counts are expressed as a function of the
In this case, the TDMC model is represented by a function of a model form
sarameters. The parameters of the postulated model are then estimated, so that
w=en the estimated and observed traffic (passenger) counts are minimized.

‘approach of transport demand modeling is well known as the sequential model
&p generation, trip distribution, modal split and trip assignment. The models are
mentally, where the output of the first sub-model (trip generation) is used as
scond sub-model (trip distribution) then the output of the second sub-model (trip
%5 used as input to the third sub-model (modal split).
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s

fopment about combination modeling has the important role in transport

in effective and efficient transport system planning. Route Choice is a major
s 1o be considered carefully by travelers as an attempt to minimize their
main objective of the route choice model is to predict the correct throughput
" road (flow distribution). The previous research still in a burden condition of
= which was assumption that driver who select a route try to minimize its
pend on traffic flow level, so all driver will select the same route. This method
o some congested road network in urban area because it never consider to the
and various perception in considering of route selection.

g previous research, the main objective of the research development is develop
e the application of a combined trip distribution-mode choice model estimated
under equilibrium condition.

OF FOUR-STEP TRAVEL DEMAND FORECASTING

# demand modeling for person travel has been dominated by the modeling
& has come to be referred to as the four step model, or henceforth, 4SM. The
sloped 1o deal with this complexity by formulating the process as a sequential
el First, in Trip Generation, measures of trip frequency are developed
. propensity to travel. Trips are represented as trip ends, productions and
fuch are estimated separately. Next, in Trip Distribution, trip productions are
match the trip attraction distribution and to reflect underlying travel impedance
cost). vielding trip tables of person-trip demands. Next, in Mode Choice, trip
sentially factored to reflect relative proportions of trips by alternative modes.
Choice, modal trip tables are assigned to mode-specific networks.

swing four steps, transportation models answer questions about future travel

Generation: How many trips will be made?

 Distribution: Where will the trips be?

fe Spliz: Which modes (automobile, transit, cycle, or on foot) will be used?

fic Assignment: What routes will be used and at what time of day will the trips
gken? (Beimborn et al., 1996)

== model can be summarized as follows. First, the generation phase provides,
=conomical data on population, employment, shopping centre or schools, for
%= total number of trips leaving and reaching each centroid. Secondly, the
‘phase completes the demand estimation by computing the OD matrix. Next, the
-amsportation mode is analyzed during the modal split stage. Finally, traffic flows
are assigned on the networks. It is the assignment stage.

tion - The trip generation step utilizes a series of models in which zone-based
=son about employment and population is used to estimate the extent to which each
s an origin and/or destination for trips. These projections can be disaggregated,
= upon data availability, to identify sub-sets of employment and population types
#=rent travel behavior. Estimates can also be made separately according to the
s= of trip, e.¢., home-to-work, home-to-other, or other-to-other.

3
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The mip distribution steps links the trip origins and destinations for
sush 2 gravity, or spatial interaction model, in which the demand for
w0 points is positively correlated with the number of trip origins and
some pair. and negatively correlated with the impedance between the
s are commonly called "trip tables". Typically travel time is used as a
o= or accessibility.

= choice step disaggregates trips between the highway and other
models may include such factors as demographic group, cost,

' ildmp purpose.

"lb assignment, or loading, of vehicle trips to specific links in the
nd person trips to links in the transit network occurs in this step. The
1s usually based on the assumption that people try to minimize
are several different approaches that can be used to determine the traffic
results in the smallest travel times. For example, the model may
2 user-selected percentage of trips incrementally along the network
= minimum fravel time. As certain links fill up with traffic, the speeds
3 and travel time increases, until other links become more attractive.
=s until all trips are assigned.

: ATION
rip Interchanges on a Particular Link

flows (or traffic counts) as resulting from a combination of two

matrix and the route choice pattern selected by drivers on the network.

= may be linearly related to traffic counts, see equation (1), the total
particular link 1 () can be expressed as follows:

oy, 0 1)
I.d

wse of equilibrium assignment method which consider the congestion effect
g obtained is between 0-1.

Mode Choice Model

sport gravity model is:

k 1s a constant (2)

= are M modes traveling between zones, the modified gravity model
ed Gravity Model) can then be expressed as:

)

= the balancing factors expressed as:
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ar {Z(B:’D:: = )] and B} = {Z(Af'.o:'.ﬁ;" )] 4)

7 7

sess would be iterated until the values of A" and B] converge to certain unique

Nomial-Logit model (MNL) as a Mode Choice Model
__ seneral and simplest mode choice model (Multi-Nomial Logit Model) was used in this
be expressed as:
oy CF
Iy < 1) G)
Zexp(— 7m ‘Cid)

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

vk
yk — OF D* 4% B* % pk exp(—}/k'cid) 6
1 zd:z i DA By .fia-Pia ZeXp(_7’m-Ci';) (6)

ation Method

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

si-Squares estimation method (LLS or NLLS)

sum-Likelihood estimation method (ML)

ies-Inference estimation method (BI)

amum-Entropy estimation method (ME)

ar-Least-Squares Estimation Method (NLLS)

sd=a of this method is to estimate the unknown parameter which minimises the sum of
«d differences between the estimated and observed traffic counts. The problem now is:

. . . — T »
to minimise (7

ed traffic flows for mode k
ed traffic flows for mode k

Bstituted (6) to (7), the following set of equation is required in order to find a set of
sarameter § which minimises eq. (8):

)
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is an equation which has only one (1) unknown parameter B need to be
=n it is possible to determine uniquely all the parameters, provided that L>1.
<on’s method combined with the Gauss—Jordan Matrix Elimination technique
s=d to solve equation (8).

Raphson’s method and the Gauss—Jordan Matrix Elimination technique

¥

Input O;,D4,Ct

|
f Initialing value of 1. y: and B }t R e ey
: ]

Czlculate deterrence (negatwe exponential) Fg,
dFw/dB, and d°F/dp’
= Wk e
¥

H Calculate balancing factor No
~ {couble constrain, singly constrain (generation and anrachon))
4 A Be , SA/5R. BB/SP, 5A/SR and 5'By/5R"

@

Yes
¥

Calculate Tid. Tid*
{Matrices Estimation)

g h 4

pid  Value
i {Assignment Output) Bm1=Bm+h
Yimei = Yim+ K
¥ Yoot =Yim+ |

Traffic Volume

¥

= Parameter Estimation, Objective Function
. C=cudate parameter value using least square estimation method

- 3z
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V $ 571~§7—2 [h I f(ﬂ,}’wyz)
_s_g;ég_ig“ tk g(ﬁa)’u?’z)
{(B.7:.7,)

B &, I,

2 aphson’s Combine with The Gauss—Jordan Matrix Elimination
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Furthermore O-D Matrices Elimination Technique concept could be implemented in the
following algorithm. (see Figure 2.) For futher explanation , is shown as bellow

f S e =iS_
(B 17.07.) 5
oy
g(ﬂl ll}’z)z—'-
3 4 5},]
E - oS
i(p 1‘117’:)\:
‘ ! oy,

s . o . S0 S

58 op’ S apy, Or. Py,

5g §'S . & _8'S . %8 _ &S
3B 8PSy, Sy, Sy O, 8y,

i 5is . #0168, 61 _&8°8
op SpSy, oy 87,07, 57 > 5722

e pomie

(5 ,,..7.)=
A 5, 57,

_og og og .

s - o)== h+ = k¥ —i
ST 5 6,

- oi i oi .
- )= - hke— okt ]
2 s

f.  Application in Artificial Network

~ The hypothetical network as shown in Figure 3, contents of nodes, 8 links and 4 zones.

Figure 3 Artificial Network

7
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1e first stage of model implementation is to code the algorithm into computer pe
shich is used the coding with C++ language.

_ Matrices Cidl

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
5 10 20 50

35 10 35
25 | 40 | 35 5

BN =
&

3 Matrices Cig

umption to get Cig value

ci+cz)
. - =
From/to 1 2 3 4
1 10 15 25 55
2 30 10 45 50
3 55 40 15 40
4 30 45 40 10

Simplification process to get p ,’d value:

/25 8

Metmiangan:
Jalan < Titik Sirnpul
Py Prusat Zona

Figure 4 Artificial Network to get value:

Where:

le =810
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Cost Function in each route 1s:
Route 1 : Ci2+0.005 V4
Route 2 : C12 +0.02 V;

Route 3 : C12+0.015 V3

Using Repetitive Assignment Method, Origin Destination Matrices is assigned in network
system continuously. Start with an all or nothing assignment, and then follow the rule
developed by Frank-Wolfe to iterate toward the minimum value of the objective function. The
new traffic volume is accounted as linear combination between Vi and V (1) In each
assignment procedure,

This algorithm as bellow:
1. Choice 1 set cost data
2. Build 1 set minimum cost, set n=n+1
3. Assign Origin Destination Matrices using all or nothing assignment to get Flow (F1)
value
4. Calculate volume existing

v o= 1-¢)V,"V+ gk,

1 - Parameter (with value = 0-1)

e - Traffic flow in stage n

F, - Traffic flow from all or nothing assignment with travel cost from stage (n-
1)

y, 7P Traffic flow in stage (n-1)

5. Calculate new travel cost base on flow V' ") The procedure is stopped when the flow
for two successive iteration are quasi-equal. If not, go on stage (2).

The new travel cost is accounted after each combination of flow (V') is assigned. The
process is repeated until convergence.

¢ =1/ sum of repeated = 1/n

Next, for real network system, pid value is expected as output of assignment from EMME2
software programs.

Conclusion

The standard approach of transport demand modeling is well known as four step model
Recently, development about combination modeling has the important role in transpor
modeling for use in effective and efficient transport system planning. This research is an
application of combined gravity with multinomial logit model under equilibrium assignment.
Using Non-Linear-Least-Squares (NLLS) as estimated method, and combmed
Newton—Raphson’s with Gauss—Jordan Matrix Elimination technique, three unknown
parameters have estimated. Model applied in artificial network with the algorithm using C=— _
The output program from experiment results are the value of three parameters which was
showed by convergence in iteration (see Figure 5 and Figure 6 in appendix). It could be
resumed that mathematical formula of TDMC Model Development can be applied in aruficaal
network. Detailed application in real network would be doing in next stage use compuisr
software like EMME/2.



Simposium XI FSTPT, Universitas Diponegoro Semarang, 29-30 Oktober 2008

Appendix

W INDOWSisystem32\cmd.exe

Masukkan Jumlah Zona:
Masukkan Hilai Beta: 8.86

MATRIK Cidk (Moda 1>
S .B8nBans 2

S6. 90808

MATRIK Cidm <Moda 2>
5 . 38098 18.080880 28 .968808
a9 5.80088 408.006608
35 .aa86a
406 . 88068

IMATRIK Cid <Moda 1>
3086 5 . 38806
16.80008

48 . 890688

45 . aR06a

B.22313 B.8B3688
3.86721 A.84979
9.49657 8.87072
8.89A72 B.54881

INilai Bd Konuergen
’.ﬂB@ZB 8.00828 8. 88915 8.96812

INilai Ai Konuvergemn:
9. 73326 ©.89939 1.31778 @8.92305

2286 .986192
2271.83648
1558.97926
1382.27812

id Moda k>:
818.3¢
223

—6.089854
=5.48812
—-3.62872
~3.82425

81.72722
-8.81476

INilai do_ Tld(l)(J)-
12r47w396 a6 156 .56272

39 .98868
56 .838888
28 .960008
5 .BAA6H

50.80800

5 .288608
18.88888
35 .96A00

25 . 89886
45 . BR60a
15 .6A688
49 .986848

966 .74685
214.28877
5381 .746%6
1437.22422

342 .56837
?25.931872
19086 .985972
589.27134

-5.57825
=3.92425
—6.07854
—3.62872

138.474%3
—6.81268

4194.84694

Figure 5 Output Program (layer 1)

A .8886a
5 .880868
45 . 8pans
15 .88AB0

35 . 880884
5 . aBpane

55 . A8nA0
50.98008
48 . 90860
16.060608

164.27535
163.19285
1234.44324
8938 .98856

58.28993
57.82636
437.41718
3167.15532

—2.82857
—2.4893%
-3.62872
—5.48812

192 .78233

~9.81822

589 .1118
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