KIPS Trans. Softw. and Data Eng.
Vol.10, No.5 pp.169~178
ISSN: 2287-5905 (Print), ISSN: 2734-0503 (Online)

el
o

RAEA AMAEL 0|8 HES {18 k-means 7[Hte] 2 L2l

169
https://doi.org/10.3745/KTSDE.2021.10.5.169

A K-Means-Based Clustering Algorithm for Traffic Prediction
in a Bike-Sharing System

Kyoungok Kim' + Chang Hwan Lee'"

ABSTRACT

Recently, a bike-sharing system (BSS) has become popular as a convenient “last mile” transportation. Rebalancing of bikes is a critical

issue to manage BSS because the rents and returns of bikes are not balanced by stations and periods. For efficient and effective rebalancing,

accurate traffic prediction is important. Recently, cluster-based traffic prediction has been utilized to enhance the accuracy of prediction

at the station-level and the clustering step is very important in this approach. In this paper, we propose a k-means based clustering

algorithm that overcomes the drawbacks of the existing clustering methods for BSS; indeterministic and hardly converged. By employing

the centroid initialization and using the temporal proportion of the rents and returns of stations as an input for clustering, the proposed

algorithm can be deterministic and fast.
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Table 1. The Proposed Clustering Algorithm

Algorithm 1: k-means based clustering algorithm for
bike-sharing systems

1 Input: number of clusters K&, location vectors of stations
{2} X, temporal usage vectors of stations {z?};,
Output: Cluster assignment for stations, {i,}:",

2 Determine A initial spatial centroids (cik={1,2....,K})
using locations vectors of stations

3 Calculate X initial temporal centroids (k€ {1,2,...,K}) by
computing arithmetic mean of temporal vectors of
stations within the same 4, obtained during
determination of the K initial spatial centroids

4 Apply k-means clustering with & initial spatial and
temporal centroids using the distance function between a
station s and a cluster & defined as Equation (2)
dist (s,k) = dj(zl,c}) + o - d,(2%,¢}) )

< 20 £ 5 JLE oG HHHy A A FEE A
of ARggtth 71& WY RolHL FH AHE EE5H]
A5l ALk o8 YHE tHE TAR Bt 27 A&
stz Aol ofg} 1A} o]& e FAlof o]-&sh= A
ojt}y. AFHOoE QAT thoih o= H|RFE o8 e
Hols o] Jerug A& 7Hte g #3E FA4ok= A
o ¢ $HL& F1l o] e F7IE sk S A%t
gt} o]F Bl AFH R QAFHT HALE Fo] #3S 3
AT o], AE TE o]§ HEE Hol= tfoji AlolE AHAAR
st} o] WHHA, B 2 452 71T = Sitt ARlst
+ k-means 7|§F9] ¥ Y125 Table 1°] 5Tt

Equation (2)°1A d,(z!,d )= A4 7+ AZE km T
2 A4stH, d (af,d)= tofad] ol oie ¥E 719 §2
ot AGE YulEtth. a= o8 Hh Ao dt 7HEA
2 o & 34 AHsHE told 719 o]& HHe] fAET}
+3E P85t 7A= dFE ol Sk

4. o

0%

a4

4.1 A& HI0/E & HI0JE Hx{2

2 =M e Ael A7 ALFS mEel” Hol
B E &8st e Itk A& 2 HolH F2
3l S70E weele] tiof o HlojE= tiof tioj4, o
AIZE Rhg dioa, Wb AIRE 59 JEE Z3ekAL Qi o]
Aol 20189 19 Wil 2F=AUE 893712 Hjof4of
disiM deds st

9] e 4 999 £8 59 H%reE 7
Z 7Rk 8 di5e A AYHrEE V1S
Faste] 714 W, &4 W, A B 5=

—_—

ox ol HN

o rh
= {d
3¢ o o

tH12,29,30]. WA, 71’ M= 71378004 Alsske 14
Zt 2919 B HolHERE 712, ¥ 55, 29, A4
&, A5 o, nANA |eE &6 AR doja F
W Ao digt &4 W 7P APIF 72 A= AP
FHIARF=FAGHENEY), BT, A=A,
EEUAEAE, ANERAGAG 5ol AFdte HloE
Ao, (159 FLsH HF4 250 m B3 W &
A, 7H, ®F 8L, A5 A Y A FE dEE
ot ARAZEE 7MY ke 3, AEA &2, 9t
i, 25 A 9 AP Y AR S Uetlis WSS B4
k. AF HEE gotok sk AdAY 542 1 o
o2 0|5 o] Pt 1k WstE A4lste] ¥R &
&ttt AFEA Hre SAATHEAH| 204 AT
QI 7, ARIAL BA ElolElE o884 250 m W
o] FRATE, 20~40h QI 121 7HF B, FARE &=, AFY
A WEE AT B, FAAAE denss o
Aste] diFE LAsto] 7]ofstEg 250 m ¥ W HA&
BT AstE AL o8t SASE W] LA FT

& Hge dodad ARME dijslez Fa uhgo] b
olel 25E] Aot 201849 HloE& & R3PS )
S, 20199 1958 119704 117143t Hlojg= 23
grrstet. ojw) mhgolef ol-§ sjdlo] 53} Fof 2A
gEA Ueht F5/79E 72t Ade APAT =,
THE AT o2l o5 FF/FEE FENA Foka 7
7l e 23 2RE 42 e, 8 A4S BYE F5T F
Zoj| i} whz shstilth

At $4 | L 29 o] B EEhA]
7] 2ol AEA] A 53 22 71EHQ ol HAE
AR &, 5 23 s AT M B2 2 BY $

Aegstoich

>

= B U

o >

=

192 23, AgHs 2 5 B A4, 28 o5 29 T
ok ARKE 5 W 71E WY
Zo| A= bipartite k-means(Bi-kMeans)[15]19} two-level
GMM(TL-GMM)[16]3} ¥]wstgict. 12]al o]-& o] ¢
S gotH 7] Y8 YA HHUO 2 k-means &+ YL
2152 483 B (Loc-kMeans)@H= H|WE JPF}. 7]

+4d Y2 23 23t 8T g7 28 ZEAAE

L st=d], o ¥HE Sl 10082 AFA. 19
I 2713 wE wid HS 2 2 gERER
Bi-kMeans, TL-GMM 25 534 =35ttt 39 74
& Bi-kMeans® TL-GMMe| 284 w&A12 €144 D.C.
9] TAAA AlA”IS] tofirt 30071 HA LR whEold
At HX] e AT AE9] HAo| o] & ZA H|s| |
o 7
3

)%
o,
N
1o
¢

)
P
o
ol
ok
ek

oy
)
oo

2 A& ARNSN, 74, 76, 78, 80, 822 F 57K Frol s A
IS AP Bi-kMeanse= 2F 29 75 &Jolx 3t



HHE

7]

3 Wl Hola
ol4 7ke] AF

st 24
Tk =Y
60%% Z3}51A] k=

AQtele= oA ARES
7rol A2l Aol ol &

EIE oIt & 1,2,

A metolg 7 sy E gl ols
s 5%E 5 HACR HF 23 e
A7EA] A7 s Ant15].

= ax H=sH 2A dHstd
Jome o
5% e v 7

A9 oF wAHToE AHU

2 99l Sa o

25L ] Zol7} 2091 QAR

100712 48 W BAAES oG 12T FY 4F

o ofz
= ]
R MR EEC R ELn e

23

2 283k 2ol A tielo] 40 oZ0] got

To o =Lz glolsly| Q8| 2 220 d& 1y

tiofa 2] 4

= meo| Ave} vlasiglt oln) 24 450 o YL ¥
89 o4 Sa d2AE £ 23 Yol A dhelao)
7 500] HEs Bjels WAL olgsit) dola 42

o dj

2y

2 WY EHAES} ridge SHE ARSI
T8 A5 A=

root mean square error(RMSE),

mean absolute error(MAE), symmetric mean absolute

relative error (SMARE),

% 3709 AEZ o83 ZHR

o} 7t @ thedl go] ot

n

RMSE = ; (y,—y,)*/n €)

MAE = [y; v, |/n @)

v =] Hnly, +3)} ©)

Aq71A n FESAY ISR, o7& HlolHof 23Tt

o 5 2319 Mg, 245 BF F3E gholth

el
o

RAHA Al2BOl 018 OIEE <lst

k-means 7|8te] 2% ¥12|E 173

5. 4

0%

L

Table 29} 3 4 *201]*191 F5uk ol Hsf 7t

=44 AR e =35t

“J%Oh CHJ} CIZL A} gk 27] NS 535t
o}, Bl ol oist AdS 53] 5] wio Bt g
I3 Qo ®F HAE o] H7I5HA

TL-GMMo] 7} -5=5tA] Uehd 80712 34 AR&-gt
F% Zd9 MAEE AYstie 53 9, 3 7ol
TAIGlo] Aokt Wiwo] vl W ET o £2 AE Y
o} £5] RMSE®} SMAREAIA &= CIIE 27] S4HHE ¢
mdo] A9 Wi AHLoA 7Y S=5HA UEHTE MAE:
CI2E ol&3t Bdo] 7P} £ Z97F WAA|EL o5
RMSE®} SMARE: H|1 ¥ HT} Aso] "ozl AL}
1At} Loc-kMeans+= RMSE WA= 71 Q¢ 22 24
7= Ho|x|ut, MAES} SMAREOIAE= thE vlw Wy &2
ZfolE Holx| oFortt.

RMSE= MAEC] #lsf @xt9] 277} & #EAq o &
7FSA7) Fol=ln g RMSEZF ThE Wiol Hls] Sthe 22
Q9] 77t & TEATE AHAHCR o Aoy E £ 9l
T} SMARES 22 oxatehd AA| gHEct o 34 Oﬂi; =

BS7F AR gEY o ZA A&t Aol Hle] &2 g
Zre=tt, I3 28 SMAREOIA 97t lotd @W?—ﬂzi ]
219 gto] Hg £k QUAEL I AST o] o7t Hai
A& oo exprrt 22 AF fEY 5 Ut

Table 49} 5= @29 29| EAS AeojA HolETh
o] YA Error:s 229 Az H+o]1 Unders T4
&gt ME9] H &S AL Zlojt}. TS Qro seF L2 A
A #FEAY ghol 5 oI5kl IFFH 20 oMl 152 %3t
th. &, Error(SE AA $5¥571 5 olsiel AEo] dis

)

l‘l

lo

e

lol‘

Table 2. Evaluation Results: Weekdays

k Metric Proposed(CI1) Proposed(CI2) Loc-kMeans Bi-kMeans TL-GMM
RMSE 8.3990 8.9016 9.4927 8.5956(0.1296) 8.8855(0.1993)
74 MAE 4.7870 4.7377 4.7756 4.7760(0.0245) 4.7599(0.0266)
SMARE 0.2233 0.2430 0.2356 0.2354(0.0093) 0.2445(0.0068)
RMSE 8.1574 8.6202 9.2974 8.4200(0.1572) 8.7639(0.2829)
76 MAE 4.7159 4.6417 4.6798 4.6967(0.0265) 4.6778(0.0190)
SMARE 0.2254 0.2421 0.2351 0.2381(0.0070) 0.2440(0.0071)
RMSE 7.9284 8.4826 8.4934 8.6109(0.5223) 8.5311(0.2028)
78 MAE 4.6048 4.5506 4.5915 4.6265(0.0220) 4.5771(0.0414)
SMARE 0.2272 0.2454 0.2490 0.2427(0.0056) 0.2532(0.0117)
RMSE 7.8126 8.1658 9.1799 8.4434(0.3254) 8.7268(0.2335)
80 MAE 4.5152 4.4530 4.5334 4.5215(0.0195) 4.5070(0.0450)
SMARE 0.2317 0.2465 0.2515 0.2460(0.0054) 0.2588(0.0077)
RMSE 7.6190 8.0531 8.7500 8.0005(0.1653) 8.6530(0.3769)
82 MAE 4.4301 4.3837 4.4259 4.4517(0.0216) 4.4090(0.0475)
SMARE 0.2334 0.2494 0.2479 0.2486(0.0033) 0.2537(0.0055)
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Table 3. Evaluation Results: Weekends

k Metric Proposed(CI1) Proposed(CI2) Loc-kMeans Bi-kMeans TL-GMM
RMSE 9.2102 9.6501 10.0187 9.2714(0.1080) 9.7335(0.1325)
74 MAE 5.2524 5.2194 5.2825 5.2518(0.0158) 5.2571(0.0309)
SMARE 0.2630 0.2816 0.2761 0.2727(0.0053) 0.2830(0.0082)
RMSE 8.7922 9.3615 9.8375 9.1500(0.1866) 9.6452(0.1224)
76 MAE 5.1521 5.1298 5.2027 5.1656(0.0284) 5.1555(0.0386)
SMARE 0.2631 0.2812 0.2767 0.2751(0.0037) 0.2909(0.0035)
RMSE 8.5614 9.2037 9.0966 9.0424(0.3132) 9.7346(0.6913)
78 MAE 5.0258 5.0431 5.0443 5.0562(0.0439) 5.0863(0.0143)
SMARE 0.2650 0.2848 0.2881 0.2766(0.0040) 0.2910(0.0051)
RMSE 8.4731 8.7972 9.6116 8.8158(0.1039) 9.1922(0.2497)
80 MAE 4.9359 4.9197 4.9855 4.9654(0.0076) 4.9407(0.0530)
SMARE 0.2695 0.2859 0.2908 0.2807(0.0034) 0.2920(0.0047)
RMSE 8.2317 8.6802 9.3680 8.6850(0.1447) 9.1368(0.3105)
82 MAE 4.8362 4.8598 4.8962 4.8787(0.0309) 4.8755(0.0234)
SMARE 0.2718 0.2896 0.2891 0.2836(0.0013) 0.2946(0.0017)

Table 4. Characteristics in Error Distributions: Weekdays

k Metric Proposed(CI1) Proposed(CI2) Loc-kMeans Bi-kMeans TL-GMM
Error(S) 2.2139 2.0065 2.1286 2.1376(0.0830) 1.6573(0.0379)
5 Error(L) 9.2287 9.6082 9.6590 9.4182(0.2013) 10.0923(0.2583)
Under(S) 0.2753 0.2893 0.2915 0.2859(0.0090) 0.4649(0.0077)
Under(L) 0.6484 0.6618 0.6657 0.6621(0.0073) 0.5229(0.0178)
Error(S) 2.1821 1.9878 2.0950 2.1469(0.0705) 1.6696(0.0554)
- Error(L) 8.9996 9.5247 9.7651 9.2969(0.2522) 10.1009(0.2675)
Under(S) 0.2721 0.2913 0.2981 0.2917(0.0040) 0.4630(0.0088)
Under(L) 0.6487 0.6548 0.6915 0.6638(0.0113) 0.5100(0.0152)
Error(S) 2.1630 1.9571 2.0074 2.0832(0.0480) 1.6129(0.0390)
8 Error(L) 8.8652 9.4390 9.6081 9.2225(0.1467) 10.1694(0.2968)
Under(S) 0.2773 0.2943 0.2979 0.2932(0.0013) 0.4623(0.0077)
Under(L) 0.6360 0.6659 0.6732 0.6655(0.0182) 0.5262(0.0082)
Error(S) 2.0902 1.9174 1.9789 2.0535(0.0332) 1.6063(0.0228)
%0 Error(L) 8.8430 9.4076 9.6525 9.3592(0.0832) 10.1007(0.1857)
Under(S) 0.2865 0.2950 0.3014 0.2924(0.0050) 0.4585(0.0098)
Under(L) 0.6454 0.6700 0.6848 0.6738(0.0053) 0.5230(0.0084)
Error(S) 2.0706 1.9008 1.9831 2.0439(0.0346) 1.6219(0.0429)
. Error(L) 8.7836 9.3749 9.5607 9.1017(0.2620) 10.1978(0.3694)
Under(S) 0.2895 0.2953 0.3089 0.2920(0.0076) 0.4664(0.0063)
Under(L) 0.6539 0.6541 0.6764 0.6659(0.0112) 0.5186(0.0141)
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Table 5. Characteristics in Error Distributions: Weekends

k Metric Proposed(CI1) Proposed(CI2) Loc-kMeans Bi-kMeans TL-GMM
Error(S) 2.4094 2.2580 2.3992 2.4276(0.0286) 1.7061(0.0570)

74 Error(L) 10.7692 11.4074 11.4371 10.8281(0.0561) 12.1026(0.3861)
Under(S) 0.2537 0.2632 0.2629 0.2556(0.0061) 0.4347(0.0087)
Under(L) 0.5991 0.5958 0.6153 0.6033(0.0080) 0.4247(0.0035)
Error(S) 2.4054 2.2472 2.3777 2.3872(0.0310) 1.7077(0.0250)

76 Error(L) 10.4634 11.1809 11.3717 10.8624(0.1581) 12.1528(0.3464)
Under(S) 0.2620 0.2640 0.2677 0.2599(0.0058) 0.4374(0.0027)
Under(L) 0.6092 0.5993 0.6163 0.6074(0.0054) 0.4193(0.0125)
Error(S) 2.3828 2.2154 2.2880 2.3496(0.0556) 1.7095(0.0226)

78 Error(L) 10.2646 11.1120 11.2277 10.7540(0.1770) 12.0163(0.4903)
Under(S) 0.2610 0.2649 0.2625 0.2641(0.0019) 0.4370(0.0041)
Under(L) 0.6056 0.6023 0.6072 0.6117(0.0060) 0.4204(0.0058)
Error(S) 2.3362 2.1803 2.2198 2.3450(0.0212) 1.6975(0.0297)

80 Error(L) 10.3624 10.8751 11.2705 10.7506(0.3139) 11.7026(0.1488)
Under(S) 0.2622 0.2672 0.2746 0.2611(0.0015) 0.4345(0.0050)
Under(L) 0.6058 0.6031 0.6055 0.6119(0.0051) 0.4224(0.0022)
Error(S) 2.3089 2.1558 2.2615 2.2876(0.0223) 1.6678(0.0304)

~ Error(L) 10.2539 10.8958 11.2121 10.6848(0.2089) 11.5444(0.3154)
Under(S) 0.2629 0.2675 0.2677 0.2620(0.0029) 0.4329(0.0063)
Under(L) 0.6097 0.6088 0.6165 0.6097(0.0034) 0.4205(0.0063)

Table 6. Evaluation Results in the Station Level: Weekdays

k Metric Proposed(CI1) Proposed(CI2) Loc-kMeans Bi-kMeans TL-GMM RF Ridge

RMSE 1.5420 1.5407 1.5547 1.5500(0.0121) | 1.5602(0.0171) 1.6116 1.9700

74 MAE 0.8436 0.8438 0.8524 0.8505(0.0061) | 0.8548(0.0080) 0.9004 1.0507

SMARE 0.3724 0.3729 0.3788 0.3783(0.0050) | 0.3811(0.0077) 0.4067 0.5045

RMSE 1.5369 1.5391 1.5565 1.5567(0.0196) | 1.5578(0.0147) 1.6116 1.9700

76 MAE 0.8440 0.8438 0.8554 0.8525(0.0073) | 0.8541(0.0058) 0.9004 1.0507

SMARE 0.3730 0.3740 0.3827 0.3796(0.0057) | 0.3807(0.0045) 0.4067 0.5045

RMSE 1.4776 1.4796 1.4983 1.4955(0.0189) | 1.5037(0.0199) 1.6116 1.9700

78 MAE 0.8064 0.8055 0.8158 0.8162(0.0081) | 0.8180(0.0084) 0.9004 1.0507

SMARE 0.3523 0.3522 0.3573 0.3594(0.0069) | 0.3591(0.0073) 0.4067 0.5045

RMSE 1.4798 1.4855 1.5004 1.4975(0.0193) | 1.5005(0.0205) 1.6116 1.9700

80 MAE 0.8055 0.8047 0.8170 0.8134(0.0061) | 0.8146(0.0073) 0.9004 1.0507

SMARE 0.3520 0.3523 0.3612 0.3578(0.0048) | 0.3585(0.0060) 0.4067 0.5045

RMSE 1.4822 1.4836 1.5075 1.5100(0.0245) | 1.4956(0.0151) 1.6116 1.9700

82 MAE 0.8081 0.8066 0.8192 0.8174(0.0059) | 0.8163(0.0086) 0.9004 1.0507

SMARE 0.3520 0.3528 0.3591 0.3576(0.0048) | 0.3589(0.0075) 0.4067 0.5045
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Table 7. Evaluation Results in the Station Level: Weekends

k Metric Proposed(CI1) Proposed(CI2) Loc-kMeans Bi-kMeans TL-GMM RF Ridge
RMSE 1.6243 1.6214 1.6319 1.6306(0.0121) | 1.6362(0.0171) 1.7558 2.1278
74 MAE 0.8049 0.8053 0.8115 0.8113(0.0061) | 0.8128(0.0080) 0.8668 1.0022
SMARE 0.3759 0.3757 0.3810 0.3807(0.0050) | 0.3820(0.0077) 0.4167 0.5059
RMSE 1.6212 1.6206 1.6262 1.6274(0.0180) | 1.6368(0.0188) 1.7558 2.1278
76 MAE 0.7823 0.7829 0.7855 0.7862(0.0080) | 0.7896(0.0083) 0.8668 1.0022
SMARE 0.3616 0.3618 0.3651 0.3648(0.0068) | 0.3675(0.0073) 0.4167 0.5059
RMSE 1.6237 1.6249 1.6386 1.6369(0.0196) | 1.6391(0.0147) 1.7558 2.1278
78 MAE 0.8068 0.8085 0.8121 0.8149(0.0073) | 0.8144(0.0058) 0.8668 1.0022
SMARE 0.3775 0.3788 0.3804 0.3840(0.0057) | 0.3835(0.0045) 0.4167 0.5059
RMSE 1.6178 1.6212 1.6349 1.6313(0.0193) | 1.6377(0.0205) 1.7558 2.1278
80 MAE 0.7816 0.7819 0.7865 0.7893(0.0061) | 0.7896(0.0073) 0.8668 1.0022
SMARE 0.3626 0.3609 0.3645 0.3676(0.0048) | 0.3678(0.0060) 0.4167 0.5059
RMSE 1.6340 1.6268 1.6359 1.6408(0.0254) | 1.6413(0.0162) 1.7558 2.1278
82 MAE 0.8063 0.8082 0.8114 0.8142(0.0070) | 0.8109(0.0095) 0.8668 1.0022
SMARE 0.3784 0.3798 0.3812 0.3837(0.0054) | 0.3816(0.0076) 0.4167 0.5059
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