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A Model and Algorithm for Optimizing the Location
of Transit Transfer Centers
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Abstract

This paper deals with the passenger transfer trips counted from smart bus-card data from Seoul transit network to
understand the current operational condition of the system. Objective of this study is to relocate the location of the
transit transfer centers. It delivers a bi-level programing model. The upper model is a linear 0-1 binary integer
program having the objective of total travel cost minimization constrained by the number of transfer centers and the
total construction budget. The lower model is an user equilibrium assignment model determining the passengers' route
choice according to the transfer center locations. The proposed bi-level programming model was tested in an example

network. The result showed that the proposed was able to find the optimal solution.
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(Table 1) Transit O/D trips in Seoul

2 Uiyttt wh S-SRI ol saEE AR

Total trips 10,534,250 & oF o9ut Alzko & A9l ok 45919) Azt <k 1 629
Region Internal ' 6,314,315  (59.9%) H)-fo] USle] ZEau]Lo] oF 1242 AX|eh= Ao
Inter-regional 4,219,935  (40.1%) B ]
Non-transfer 7.465,382  (70.9%) = vebs. vk, ARHSRARE il et g
Transfer 3,068,868 (29.1%) S22 A 212 (negative perception, FH&alld
Transfer - 1 transfer 2,620,848  (85.4%) E]) S Zotalthd o] sksH|8-e X S0l Ao|d)
- 2 translor e e ol thEmE TG e A A
Bus only 4,609,548 (43.8%) T Y, wale] Al SR, Al Sl 2
Mode | Subway only 4,039,280  (38.3%) %, =2 &8 I & 53l xEaAHE M B A
Multimodal 1,885,422  (17.9%) S ALY S AM = degAS 58359
o 2M SeH &S Zold' Al BN o
(Table 2) Number of transfers by transfer type Ho}, AeA)e AS bt v go] QT7EE APNES
Transfer type # of transfers AZF AR 98 AAHTIE 2EPH]L0] oF 12%S
Bus 1o Bus L0163 BIXL1 ek vlg Adel A0S Fu BE 4AE )
eSS B0 e h
Subway to Bus 784,709 (28.1%) o8 Algdd.
* Transfers between Seoul Metro, Subway line 9, and b, B =R E kA A JfAe alAlel sk
Alrport fine. M) 29€ T3 AE 444 e3sE A QA
oF 6827+ H o] <k 1,850%t 7l= EAA glR=R 74 8 dHE S A R dis) Akl
=lo] itk AA| 2ntEFIE Al 2"lollA Sl Atk
el AMgElE A1z QA (transfer  threshold . gSHE UAXMYE 2
time) 30w IR o]&3}] o]& /NHAQ] EdA
A HRA=E MR dde & e 53 (linked trips) SsAlE AR 23S T tikk $RAE o
o2 7kesi (Table 1) 3 (Table 2)¢F 2] O/D & FOZ o A/m]8 Ak stell EAstaLal ke AlEl
P 9§99 BSYSE AL 5 AU} t UEIe) 54 HUXEE Pg B AR 9
Mo HFnE BB (Table 1)olA Ee vied £ HA AR AHste WA R rdgshe o] ¥
ol AEA Wi-Edol < 60%, frEUEdol oF 40% HEAolth, 2 =M P&t she SeAlE Al
2 FEH dm, FHHREE wxe shEe] 47 Mg BELE o]FFx(bi-level) B 2A A9 UlT
43.8%, 38.3%= W27} 245 o Bo] o] &% 9] WE TG YAEY 2 F, 5h9) AR ARAE 2
om, ZsFao] AA FaAY °oF 29%E AA AL U= Fom Fdrt. ole FAE YA o Fof whet ALE-
Ao 2 YePth X (Table 2)& EH, A&A] U0l A] 7o) AZAge] B 3 e As AR e A
ojfolAE dY F gk e oF 2808 How FY o] Hr} FejFo]7] wiioltt, gk FRFE-S WA Ul
T g5o] 38.6%, °1F FUIt S50l 61.4% % & EHAE AGHS R SexEH T &, SAE 4]
T $kso] Eilte] o] ol AL A= AL & 5 Ut & At Al St A (cluster)E2 g 7 o]ske]
e, LG ~rkETIE HloHETE AW o FSAEE AstESs ke A¥ 0-1 HeRd
TEE o]4e dd FEIAINE AkehA F 240%F (Binary Integer Programming) 2.2, =g <
Ao, o] 5 wEAE FARETIAIRAM RS A Al HEAQL AREA Y A RAdE Ry ow 77} 25819
7E] 15,4859 5 A8t B =R ghlsid I th & =] 23E 71E A9 Blaskd (Table 3)
oF 37194, A%t ¢k 13.5x99] FEaHgo] == AL 3 2t
1) Bare] ddle £ EAUM dnmsh BP9 BAAA ohn AR A2H ahtel FAA BEa] A9 ghea o dase €3
AlztE 5 glZee] 2UAIE Gapel 308 ofulo|W $go @ ek
istmEsta x| HM30A M1z, 20124 2& 127



HEws sHSME AXMY 28 A7
(Table 3) Difference between location models
Models Structure Obj. Cons. Assignment Algorithm
Yu et. al Min MIP Solver
T oy "y # ~or- Nothi
("08,"09) MIP Total travel time of hubs All-or~ Nothing (LINGO)
. Min. .
Lifan et al. |y 1 iti-obj. MIP | Construction Cost, # of hubs N/A Particle
('09) . Swam
Hub-node distance
Wang et. al. Importance B Lo
("10) N/A of Terminal N/A Heuristic
the Proposed Bi-level Min. # of centers, User Equilibrium B&B,
Model BIP/NLP Total travel time Budget q F-W
note) N/A : Not Available,
MIP : Mixed-integer Programming
BIP : Binary Integer programming
NLP : Nonlinear programming
B&B : Branch and Bound, F-W: Frank-Wolfe
tHe2 SAlE 9AdY 28E Fskalr] Hlal 8. A 7R ol 1FH G ol £8 A% 1, olJH 0
AHEE 7155 HE3 Aot g S 93 g7} AR Ao TEEWE 1 oUW 0
A © Y37 = incidence FE (= {58}
Q. & ’
HE 71202 g, D xE po] FHRET o3 A A glow
G(N.S) @ ARPL VESZ 1, ohJ® 0
N D P AT = , , ’ . =
© ER {7_1}) a,d, b b : BPR &< parameter
s FAAZTF) JF(={s=(s5,—s,)})
s =E no® Eojox Y3 JY 1. HEY3 =38
0 wE B /PO e 5
T o Sh= “ 2
b, wE S EPoR d B H =R X De Cea & Fernandez(1993)¢] 7
T, T o 71d i, g § 8T 27 Hroute-section) MEHIAE 7|vto 7 =239
N, 228 2ol £ wE 4G AAHA BEE FEAT AR YEADE e
hir o 7ARE, FHRE, AZ(route) 7t #so] 753 A-TS LER 3l1 05 EE A
a P 2EeE £ 2 dZse ArTNe 9a7 dt(Figure 1) F
Y, ¥ D 2E poll AV AAE FS- 1, ofd 0 %) o] AL YAl Ax 17 ool L8 LS e
= A UAA] A8 & =
b, nel ‘_o’%]i AR A AAH] o AZF YEYIE w59 F7) Bold4E g
B ol A4 5 o] 47} #73] F7kske wao] glont, dukdel Akg-
vy B 1 G R e $AY A AzAd wRs) Ee ah Aese 9
R et FEIFE A4 FHY & 9 Pl Aok 234 Y
v, P xE pdAMe] B5 BAF (= ) v, — D, )
SES,
d %A 0, g, AR o] B E
¢, ¢ BA 59 FERHE (maw, +t,)
t, (t7) :¥A s9 AEYPHE (HERA)
w, (uf) 1 =E ndAe] t)7]/E5uE (8ERA])
Aw, wE pol] BHAE QAN BEHE aE
ey ssad
Ky K, g3 5o &% LT po| gk (Figure 1) Route-section network G(x,S)
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t, =t'(1+alv,/x,)")

w, =ul) (1+d (v, +0,)/k,)")
G B3] FEPE
ohvg} th2 HA] T
H1%§-T‘(asymmetric cost
ZRE GA & F Sl o
Agelle AHAEE AT A E s ﬁi’\4ﬁﬂ e
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FHoz U £ 9l
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3 BA A(D~DF 39 294 53 89 AHeA
2ol o]FTZ(bi-level) & ATA P o 2t
(990: 2974 =Y - A7)
Min,, %4 = Et +a2 (v, +0,) (9)
*aZAw v +0,)y,
s.t 2 Y, =1 2=1,2,...,¢q (10)
neEN,
E yn bn g B (11)
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(3H9: AbgAt 23 - AR
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o7 7t weo] th7]/8 vlE-(w, — A, y, ) 732181
SEFHE 53l O/D TS UES ol Aulgst & =
A 39 282 5l SeAlEl] dxlsle w=E 784l
stk 99} o] A/3HY) B3e 8 eapdom 1)
7iaA AR e 543 gho] g %}f"ﬂ T o
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—C'"Zﬂg] 71 4ubdQl &HQl Branch and Bound €1t
25S B3l dlE Fola, IR AR ETelA9] o
71/F5H 8- T4 H3 FHANNE T U4 &
Z Frank-Wolfe €uElES o83l 318 T3t
Branch and Bound €¢xE]&& ul ©Al€A 2]
(12)¢] Aleks FoAlcre R e Nz s
9 HE Fota, O]“ﬂ Oé% %ﬁ.?}? < A

Aeg & oA AEZao —% ?*é st al g HEA .
& Fohe Axkz 289t (Daskin, 1995)

4 1327Hi %Lé
EA] 71EAS 98 A

¢

2991 488 A 250 /159 O/D S @
000, 2 300, 21(12)¢] B2 1] &
N PP M,

Cluster 1 Cluster 2

4

O«

1" 12
Cluster 4

1
'
'
'
'
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'
'
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T
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T
'
'
'
'

Cluster 3

(Figure 2) Example network
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(Table 4) Link in-vehicle time (minutes)

=11 2 3 4 5 6 7 8 9 10 11 12
1 |0 15 10 30 45 30 25 35 40 35 45 65
2 |15 0 10 10 20 20 15 30 35 20 40 35
3 (10 10 0 15 30 20 10 20 20 20 25 35
4 |30 10 15 0 15 10 20 35 30 20 30 35
5 |45 20 30 15 0 10 25 55 45 30 30 35
6 |30 20 20 10 10 0 25 30 25 15 20 25
7 (25 15 10 20 25 25 O 10 15 20 20 30
8 35 30 20 35 55 30 10 O 15 25 20 30
9 |40 35 20 30 45 25 15 15 0 20 10 20
10 |35 20 20 20 30 15 20 25 20 O 10 10
11 |45 40 25 30 30 20 20 20 10 10 O 15
12 |65 35 35 35 35 25 30 30 20 10 15 O
0.15, 4022 7Pg3isict. == ek 79 SH5AlE
7 A B wesl S 5,000, BHAE A
g =9 A9E 10,0000 7Py en, 7 we=gt
92 AEP g S B B Mg SFoE
(Table 4)9] %= A&

E3 SR e Al 7 mEdA e SeH g B
F10%0E Pgegon, BHAEL 942 AT 5
o] g A7k Jgslisith nixjete g 7 v =
o] SsAlE ARG ik 100, SeadE (o) e 9
FEAE S GRAAIRE) e 381 A= skl

B =R AXe duelEe] A4 2 ale] 54
= AFEY] fjal, 7t k=9 S5AE AAdn e BT
252 & A$(case 1), case 1914 == 3¥/10W<]
ssAlE AR &S 747 3022 F7MZ A S-(case
), case 204 == 119, 12W9] 5418 HdH] &
< 217 3022 Z7HAIR A S-(case 3)°l sl Ws}
At} (Figure 3)2 7+ caseol e Lagls

Z ARY BASE #@e FEde EO]]?FE %19—
1, (Table b5)= 7t ==X S5 F ¢ 2T &
(FAE YA )& et

(Figure 3)¢] ¢18|& $84< AHEH, 354lE
7} sl YR8 BE Aol 7] SEAHE o ER
Y dae]Fe] wESlg we w2 dAe gow &
Hahs S & 4 ouk (Table 5)2] 239 & AT HE
A, case 19] 75 7t E2|2E it} SsEd o] 7MY B
< =] SSAEVE YAES & F o, case 29
A% 5T 39 == 109 3AlE MRS se
&l 7+ Sz SsAlES QA B B B
ot} o] W FH~H 49 =& 10dE F5EPTo] 9]
Sol= Bstu S E Alke 2 Qe Sl 7} 9
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(Table 5) Solution of the model Eltor, olg &7t 4Y O/D 5% <F 6315 &
case 1 case 2 case 3 Go o2 P PASY (Figure 4)9 go] 2E
Node[Transfer. Center [Transfer Center [Transfer Center o] = N
) . . % 7]1L8. o} 2= 0] just —755-_ uﬂ Sl
Volume Location| Volume Location| Volume Location of she 2= & 5 o = 4 Bt o7/
1 0 0 0 7re Axkslel =2 AASE (Figure 5 7”4
A wox 2 2Ry TEE G54 QA0 23S g
* *
S ) ; A B 48371 Sl AN B
5 0 0 0 A 2570 AR T-E FE2EHE, PFF 7|9k 46570 1
6| 8 8T * 16 BES wER oS wEE AR A4 AR P3A
7 143 % 155 % 1500
I ; O = 34 MEsaE o T8 Leok U
9 0 0 0 o] A% & AR7 J329 = 215,760/ = tit
o) s § 182+ 8 gout, A sntEshs dolH R YE ALguA ¢
ol - ’ & ARF3 928 FEdlel AA 278170 92
2 BN UEYIE 74T F stk ol U322 E Ui
—e—case 1 —®—case2 —&—case3
T (SSangdong
ongpa
1,370,000 | = S== = ] gea;cghnfm
1B g Gwanak
o 1,350,000 | an =4 1
% i T = Geumcheon
P Guro
o 1,330,000 V7 Gangseo
.E . 13 Yangcheon
8 l I ,\SAea:doaemun
g 1,310,000 ’/lj =y =) Eunpyeong
7 S onong
1,290,000 S8R N N ook
Jungnang
1,270,000 : L R/ >4 = Dongdaemun
\ r Gwangjin
1 2 3 4 5 ?eongdong
# of iterati SNERmE=S z ongean
o SR YD e KSR e 2
(Figure 3) Convergence of the algorithm e5882e5888205828328558E88
S35E5855358% 838 2§ E£28568585
& £°° g2 3 g o)
Ak Fatka, thal SEa o] gl = 120 4l 8 - °3
E O]z _ H T oslaEs a]:o E = X] oo-10 o10-20 0@ 20-30 @30-40 W 40-50
el _— 50-60 60-70 70-80 80-90 90-100
17h sk, o= SsgdEel gltiete ozl o :100—110 :mo—wzo :120—130 :130—140 :140—150
}1‘1‘0 2 5T 129 /(‘;/nﬂa_aé %1;(]}\]7‘4 ¢} g},ﬂ _%iosgal% (Thousand trips)
T S i D i i i i
9 2] 2= 9129 on|dh}. o] wEoAe] 7] /2 (Figure 4) O/D trip distribution
u o] F5EAY Wt ohjeh WYFAYE FFS
- “ Gangdong - ]
7] WiZo|th(2](8) #x). case 3] 7= FE2E 20 o Sonapa -
FSAE7} S Rurke A4 o] 23 o Srig Svanan ‘ —
Dongjak 1
T 2 2E 49 == 104 AE7F YAsHE Aol F o euinchoca : )
- =, Guro |
SYRE A3 SHoA Hep Y2 Ao w YEg ( Sengseo : 2
Mapo . 1
Seodaemun i
= Eunpyeong o
3. B9 HEY ZE e ‘ :
Gangbuk ]
Seongbuk n ]
N /ATNAGe] ~rlETIE dlolEl2RE A A bongaemun -
Gwangjin _ 1
wEEY Y AA gisuEs O/D 539 w5l 3 *Yongean ; =
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