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Abstract

To maximize the socioeconomic benefits of public transportation, such as economic feasi-
bility and eco-friendliness, it is necessary to establish an appropriate operational plan
considering the travel demand. If not, it may lead to negative problems such as weakening
service sustainability, worsening transportation equity, and increasing inconvenience in use.
Furthermore, the fixed-route transit and the demand-responsive transit are different in aspects
of the strengths; the former operates on pre-determined routes and timetables and the latter
responds flexibly in responding to the demand. To exploit their strength, the appropriate
operation plan should be determined with sufficient consideration of demand. Typically, the
former is efficient where there is enough demand, while the latter is efficient where there is not
enough demand. Therefore, this study aims to establish a methodology for deriving an
appropriate type of public transportation service among fixed-route and demand-responsive
transit based on demand data and additional socioeconomic characteristics. To this end, travel
pattern was clustered by DBSCAN based on travel characteristics data divided into three main
aspects: spatial, temporal, and socioeconomic characteristics. As a result of case analysis in
Seodaemun-gu, Seoul, a total of 182 origin-destination pairs were divided into 7 clusters and 29
noises. Some specific clusters seem that the demand-responsive transit is appropriate in that
they have low traffic volumes and irregular occurrence patterns, whereas the noises seem that
the fixed-route transit is better in that they have enough traffic volumes and less irregular
occurrence patterns.
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oo Uy Y 23
S5 SPTTE Fote] tho] QIS g Mo &84 0 % 4~55}= 5 -5 (Public Transportation)2 F=

4=-5%1%0l 2x]= 2A7He 2FF tiH] o B2 QY-S §F Hlof o] A1t} o] & Foto] o] 8t Al = 3 HlE8= A
ol FaAtel Al 29 H-E-S AT 5 Sl olfo] itk ol b A o = A gt H-§ Hof A4 FH oA
S ANl AP AL F)E R E i FolA H AT o] HS B o TS eith B, Y HE &
o= & T AHA o] 7hsTol whet 27 tiH] AA Aol 1, g Holnt. & &, s
T 2/JollA AFAohs Y WA the] o B2 % Y-S A2 4 Qo &, o A2 tigo] ARt 2 F Ut
AES 6T 4= St o]0 LIAE ZIRE AH|A FF FA4| YA o A2 Hgos 29T 4 ot

(Forouzandeh et al., 2022; Kepaptsoglou and Karlaftis, 2009; Schofer, 2023).
e 5o ARR1E A A o] it 354 A4S elste] diF s o8 FHES Eol 1A St o] o]ojz] 1L
%]

AUtk BFLE SAA o184 ok PSHA Ha 1 vlgo] WAsHed], A4 87} 01% F551 o

-, A AREO 2 = tiF s F0] BAY SHlA A&7 5HA] ¢tk o]ofl o] Fd BAF prolgke Aol
A A= iE FH30 wARZA] olojRith. 3, a7 A7 B etE s 2.9 #*3% A SHA] b=t
5] A £ 2 AS o85te o4 = Bou 54 AR v 8= 7B, of2I' 8.9 ARt
A B2 AHsHA] ¢l e AR o] thof] U5t A2 v, o] 8 o] o5k &, o] 8452 ARt
H-g ST WSk, R ol= oF A7 o]of i, webA 9 LW AAIE, 59, o]-§ +25 =g
A9t 2 AlRtArge] AHd Hart el

HEIE o8 FHES EoldE 2o o diFus & A Tt tpFat § g w el Hof gtk dut
Aoz FuE 1 AMEY D)7 siAA R (G AAD) ol 7|9k FE|QIH], o] = thedRt S &
5], H-go] & a0l tisiA= ME H-5o] ojHth= IS AU AU (Tuydes—Yaman et al., 2023). 121t
FT ARFA7=(CT) 9 o] whet o]-gZo] Zqlo] Fojdstz 44 +88 & & A =L, o9
ol HigoR LA AAES FAsH WA= FE7F tiFE At Atasoy et al,, 2015; Konig and

Grippenkoven, 2020). HJE2 0 2 Figure 13} Zo] AA|7F HA =90 7|Hlslo] LA AIZLES G540z ¥
71 2599 525 (DRT: Demand Responsive Transit)0] F517] A|2FsF9dct,
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Fixed-Route Transit Demand-Responsive Transit
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1. tisus 29 AgAre 240 ot -+

LB 29 TRAT 01874 HOIGL 017 $1o) £ AL A Welel B RS A7} o)1
o} F2 9 A1) ofl S8 ALS 527 Fleto] AAEAT AT A4l B A7} ek i) ol
A} melg SfstalrA ), £ v14-S Haslols 5 ofe] 2Ags2 Aelel o] AAslel A2 ow,
x4 o= TRNDP(Transit Route Network Design Problem)7} 910, thz s o] H2e} 4= o] 7Hs
o A% 5 5 Atz ool d BIAY ELE YEQTE AASHe WS 2FBOHCyril et al, 2020;
Estrada et al., 2021; Kepaptsoglou and Karlaftis, 2009).

oje]of = W-E7F= Hlo|E et GPS HolH 5 S tH Tt dloleE 28
Fottt, 24 S wlolE ek @7 dEZAT HolE S HARt tlolEE FH6te] 24 LAl AASE
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T Qth E9], ZHE HlolHE RS2 9 7|5 B E BAste] £8-3Hd WA LS AAshe dFk o]
Z At (Hamedmoghadam et al., 2021; Liu et al., 2023b; Ma et al., 2017; Yu et al., 2020).

AEFA7E Tl wet 53 dHolH 5o 47l whet o]of] 7]¥tete] F38 HE-S &S] fI9 A+
F2] 11 ek o Yot F3 Hje o] EAS EESHAY 3 Hi"of J-E rx= HE4E meleiui ] 9
g A o] R Hlo|H =R E T3 Hl5l o] AR TS EEShs Bl et A= 1, ZFF AA Y
A2 1A, o5 Wk B4, AR A EF 9] oA F EE ARE, ALREAIA Bl 5 ohedRt EA4¢] Z4tsto] F58
o] F7E FENH= A+= AthBabu and Anjaneyulu, 2021; Jiang et al., 2023; Tang et al., 2021;
Wilson, 2008). glo]&of] Z]8FsA] 5 ZFAA o]-§2F 2.9] A7t sfjfl-& FA4l5to] e dehs sHotal
ZF ot A QUek(Lu et al., 20225 Wang et al., 2022; Zhao et al., 2022).

9 S wefol] flste] HlolHE Fes HER A ok 21X 7)hk S A 71 AlS
2 S 2E P ARUE "2 71HE 48517 % 51, 58 M’ o] 5712 B4 efsto] 9k 7|6t gk 2
HAHY HHES -85 A JoH(Chen et al., 2019; Fekih et al., 2022; Li et al., 2022; Tang et al., 2021;
Zhao et al., 2017). T2 A= AHH 02 o] =0 mbE gf3to] A1 APdA o= 4 ZrE Ao Zavt
e W 7|HF S AEES ol E-85hirh

7] y A5TY HELE P B A% 51 ek o2, DAY Hae
0.9 W Aol o] B5-E Tefste] £ 030 MAY S £S5 A7} ol ek Tang et al,, 2023).
oleie 0.3 hFIE-L hret 7150l ket o] AlEet D 4 Ik 7154 Wefel mrebi s QY24 e
&, ek, kg o® iee, S8 gl Feol] nebal sl L ae gy, AR M Aulad, Bel
AR AAPoR TRAL BelF LA GG 71 A< A ofe] a0 whe} 2R WAL FFsHe Zlol L, 4
Al HIAES 712 BERE AL FHOR diF v F9 A9e A4Sk 959 AE nhl(ast

A e + = o2 k= Aol o]t
A HFAIZH =80l HF52 o' dlgohs AFARM +2-8HE teis 4
NEnss HebshH tiguse] o8 Hol e &Y 4 Uths HollA B2 A7} olFA AL ek(Choi et al.,
2022; Korea Transportation Safety Authority, 2015; Moon et al., 2021).

Qiuet al.(2019)= FFAIT -8-8HE WA A&kl e Al W 5 TH A ES 913 F1] Wete
=X WE7IE HlolHof ZHtste] AL 53S 22 AH FSHTE Moon et al.(2021) = wF7H= Hlo]Eof] 7]HFs}
o] gAt B3-S ZANFLT), £0-99F HujA0] IS WSty AUl A £Q) 7]|Fe +3s17] YAt of
ol 7] LEILE Hlolele] 7ltsto] AAH 50 SHE A2 TR LS EEe] Pl ATE B @

i

H, 71E 14y dFus HA T ol $-8-8HE tFus WA FolA Aedet AlS ok WiHEol vt A
& @tk Choi et al.(2022)= WE7IE HlolE|e} AU F HA, LAEE HE 45 52 HE o= #H3E
Falioto] HFAN £-8-8HY HAS IS 471A] tiete]l tote] ks Ete Al W Al A E A A
A28k tt. Li and Quadrifoglio(2010)2F Quadrifoglio and Li(2009) 7]& th&w S} 2] AW A AH| AT Zof
A =R AIZEE 7| AZE AP EPAIRE, $22 0] OFS e{ote] g 2 WAlS AEishs W Ee] Toto] A+

sheict.
oHH AFEAT 71E FILE o1& Wefo] J¥iste] BBL FHL, hEWE 29 AL £E517] 9
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g B o5 WS Lefat A ok Sl Al HEstk, o] Hs 1wl Az fAMT A9H B4
A o] FYHOR Mefoh AT F7h2 o] 9W BRI QI ofe] B AT 0.0 AFH ST} 41517
AH EHE FEH 02 efstel dole 2YaE Bl HAY YFDE 28 FAL Adsls U2 e Bty
A Shck. That, B AT AR 2 A 24 A iRk oR A $A9E wEeks BAleks HolA
S5 LA ARHES Fote] BRHSAL A 500 sk A BEE 50 39d tEnE WAloR
Bolsts, 4P hEE WAL Bg Aoz Be Saol thesis B0z ofait
o5 4y 4 GjolH

2 ATE FFH0E AGH, ANRE 2 B4 W YFLE 28 WAL 255104 Gk B ATl
CFRT Qe hERE 28 WAL 2 WY AT SR8 A 0R TR A Hx A4S 9 Al
o] Aol Aello] AA] £ GAlol Wat glo] AT Gl WAL oJulgitt, AHAZ, & Wio] B 21
2 5gaha, AR 2AE ol 2 BAAT A4S SRR d] 23] B ik W, SRR vix} 2
2 9 o] ANZEOZ SR S 0o] Wate] ArlAoE FsH Wtk WAl ofmlgict

1. DBSCAN

A, AR AT FLE 2 WA MRS Sl S 7120 A 9 AR B9 40} shet
298} gick. o2 $19) 5 dlolelE Ftete] 7|20 U WehS 1Fk5t A} SHick DBSCANDensity-

Based Spatial Clustering of Applications with Noise)-> H|o]€] Ato]2] WIzof 7|gteto] ZATHE F=3Pof= thE
Aoz FHAHO MeE ARIA R oo & ok gl ko|Xo] thg FFH T n|n|sirhe 7ol

Slo] Wo Ao A Z-gHtH(Pedregosa et al., 20115 Qiu et al., 2019). o]of] & Ao A= DBSCANS &85t
59 dloleE wHsR o2 T fiel-& &Skt gt
DBSCAN-2 F535] %2 W 9] tlo|H & stto] S AHE FEst, o]of £517] o2& Hlo]g &= ko|=2
=°1, 7

T2, & S0, 242 HlolHE shtel A Tz ZASHE o, ST A HlolE Afelo] A E g o
2 3 71=2] Well Hole da712le T Lt S LH Snhal F40 FRe] /I dlolH= g9 Hx
2o shgsfum 2HAHE F9she Allolt. 18]l I8 F1l Heol ARl Hojd 24 A e B
7, otel 2R AEH R FEsvle Aol ol oA Aol 2R AE 9 g Aod BaUt A, o=
glolE 278 9] G Arh= ool et L2 913s] S22H W ZgtE ofof sl 4 HlolH 7t T
ot ST W IH ol Atel o] X A= E AFAE A efsliFoiof et
& A= 4 71548l sidste diole Atole] fAt=E 7] Bz A2ste] S AHTY :
Al 28l Figure 29F o] 71548 thAbd glofef o] thste] A= 3to] 72 E A5, ol & v e d3ekE
Y5t

ORG | DEST | Path | Time | Trip o O ® CI}J_S}?[ Bo/’de,‘
op A B | [links]| Oh 0 /e ©® . Q
matrices O\ L I S
RN ’ Noise
Q. ... ---® @
Figure 2. DBSCAN based on origin-destination pair data
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Hrol= B sjg o] Aololth= Mk & st z} obth(shii et al., 20225 Liu et al., 2023a; Liu and Cheng,
2020; Nakanishi et al., 2018; Wan et al., 2021; Wilson, 2008). ufA|2}o 2 Edjo] AlS| A A E5of up2 ahig4
Qeh= e esto] AR AA| ZEa P M FFGetA; sHl L, o] ffo|k QA Mg ol i, WS
g2t B oF Fo] FHuE 2 %so“l_% Ao FFe vk HE 1eetat oFith(Babu and
Anjaneyulu, 2021; Dean and Kockelman, 2021; Fekih et al., 2022; Jiang et al., 2023; Rafiq and McNally,
2021).

o]

=
W F

DBSCANS 38517 $aliAl= Z+ dlo] g Ato]o] A-|(FAHR) A&7 A= a7t Qe gty oz G52
T A E Wol| Z-8olAgh & AoA= =8.0] F7H, AIZHY, AR AAA 5 3712 EAE K o2 16|
of itk Ao A theksl H4rt @ 1T 4 ‘il‘: Gower distance(Gower’s dissimilarity coefficient)& 285}

%}, Gower distance= G2 Hef A4 W4 RS Vst fFALLE ANt & Qe A 82, 79| Haenirt
719 2125 A ™ste] 078 1 Aol 9] ghe 1‘}5}51 A 2= 715 Hatohs FHioltt. ol & 501, 24 M, )
O] fAE+= Equation 13} 231, F4 W4 (z,, ) 9] f-AHE+= Equation 29} 25 w, Gower distancer= Equation
33} Zro] At 4= It Gower, 19715 Tuerhong and Kim, 2014).

[0 z; and z; are same in the " character (1)
k1 otherw1se

SieS [0, 1] )

x; and x, are same in the & character

where . . . : th
maximum, z; and x; are at opposite ends of their range in the £ character
Zsz/kwk Lik> L jk /Z jk“)k(fm’ ]k 3)
h 5”/@ is 1 when character k can be compared for 7 and j, and 0 otherwise
WRETE 1, (2,4 x;,) is the weight function for charcter & that differs by character
Gower distances 457 91 E4JE A2 A 2= Aolstit. ¢4 3744 EAQ1 7154 HdE o5 4
=+ Dis—Commonality Factor(DCF) 2| #& =5ttt 53 wj5l-& S Ae&sk=d], o5 W o5 74
2 Aolo] A4S wdsl At s1710] F A= Afole] SAEE AUt 4 Qi A BE FRaigrh DCFE T

AR5 93 D92 ek, T AR o] M o] tH] AR A= Y3 FE o] HS-& APgshs FHI 2, Equation
49} Zro] Aatgt 4= Qlth(Advani et al., 2022).

o,
sip = DCF=1—
fi1;

where {5[1-]- is the sum of the length of the common links between path 7 and j

el0.1] (4)
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A EAo 2 @dE, ARFE o] A Ato]o] {AEE A4S 945t Dynamic Time
Warping(DTW)-& Z-8-5t3th. DTW+ F AlAE w8 o] sjel -FAM & AP et A ot 29 & A=A
1 AR 4o ApolE HlwsHAT, f22E Azt Y Aol disiARt Blwsts A g2 DTW=
Equation 58} Zro] H]1 tfi Al 7|5 QS T A-7HA| = 8] SR Giorgino, 20095 Meert et al., 2020;

= of| &tk Ae Aefstalat HISgh Al of] Bl Q1Y 2 E A
=t

Tormene et al., 2009). oJ2] 21 L2 St
JFo 2 U7] §Jote] DTWE &85k
%:DTW( X):mind (X, X;) € [0, 0] (5)
Zd (&))m(k)/ M,

Xl X] are tlme series

where {(p, ¢) is local dissimilarity between any pair of elements z,, and z;,
for time index p and ¢

¢ (%) is warping curve for time index %

my(k) and M, is a per — step weighting coefficient
and the corresponidng normalization constant

M

ARRIZEA A B2 7 dEHQ A 44 f22E A2|(ED: Euclidean Distance)g -85t .01, A4
212 Equation 63} 2T},

n

= ED=Y" [z, —z, €[0.] ©6)

p=1

QoFoIR, 3 Q- Figure 33} 0] B4 E40] sletohs A2 Aol ] fAHEE DCF2, A7V S4o] ol
she 59 0.9 AAGH el Afole] GAREE DTWE, As14AH S8 sHshe olal dlole o] GAbet
ED2 AZa}9ct 7} dlolel AR Akke fA1E gES 03} 1 Aole] Hole ~A e Slated A= dojele
Min-Max Scaling& g5ttt o] He7t 54H 78] ABELS vig o= ofg] 71588 Ato]o] Gower

distance & AlitotaL, o] HIE S 2 DBSCANS $=3fsto] Fa) mjelS 3 stst it

‘ Spatial Characteristics H Temporal Characteristics H Socioeconomic Characteristics ‘
‘ Dis-commonality Factor H Dynamic Time Warping H Euclidean Distance ‘
\ I
I
‘ Min-Max Scaling H Min-Max Scaling ‘
v

‘ Gower Distance ‘

DBSCAN

Figure 3. Research methodology flow-chart
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FA 1A -3E 2714 A BE7F ettt 219 o2 A EITH(Seoul, 2022). E, P4
IO} AFAA] FARRIT 27} ThekshH, 65A4] o4 17t o B E Q1 HiH] 15%0] A UHA]
Tito] = A G7ER & Qlet, Wut oy e}, A W tiekrte Apfstal glo] thefet Ui 3 1)
=2 F = AH(Seodaemun—gu, 2022). o]2gt HoA ASEEA| A& & A1 31t
At

YEQF glojeE Z7tuSdo]g o] ~(Korea Transport Database, 2020)914 Al&5H= 2019W =4 4]
EQ3 HolHE &8 o, o] HIF S & PAFE Hd H2E L&t 9.9 T EAYRI F 7| T34
A= Aol o] FALEE Altstaleh. 37H 74 W91l AEEHA| AdEe] YESIA A2 Figure 49} 2.
9 HlolE 2= 20229 114Y 7] A& Aol HolHE &8sttt A& Agols told= £ A3, §4
A9 7ol o] Fots Aol BE FE SR A o2, B4 FAIARS] Froide} ASof 7|Htste] 4 9 715 |
ogjoltt. 54l Hlo|E o] 7|9tstar Qlo] FaHgT i glo] BE Ffo] FAE WYolxl, B FAANE td e
2 3% Aotk BY dief 5A1Ae] H-q-8-2 vieho 2 Rt tigh 24 o] o] A Ho|th(Seoul, 2023). K 4H
Agolg Qo] B A2 Ayl Figure 591 o, A #7|7F #8545 Aol A7 Bk ofnjott.
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