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Forecasting urban bus travel time for
transit service using web-based bus location service data

Abstract: For recent years, opportunities for using transit applications are increasing with spread of smart-
phones. Many of transit applications provides bus transition based on bus diagram as well as train transition.
However, due to the large difference between its actual travel time and the diagram, it causes low reliability
of applications. In this paper, we deal with high-precision long-term bus travel time forecasting for more
than 1 day ahead, that is suitable for transit applications. In this study, we propose a low-rank bilinear
gamma regression to predict the probability of bus travel time from limited number of explanatory variables
such as time of a day, week of days and weather conditions. Compared with the state-of-the-art methods
on bus travel time prediction, our method provides both point estimation and probability density itself. Ex-
perimental results using web-based bus location service data spanning over 5 months show that our method
performs well compared with the state-of-the-art methods including Random Forest.

Keywords: Bus travel time forecasting, Generalized linear model, Low rank bilinear model, Probability
density estimation
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51 61 7H 8H 9H 10H 114
17H N N ——
37H EEEENEEEEEEE N
GrMEEENEEEEEEEEEEEEEEEE N

T —2 | 7 AL T—%

3 JlffiT—& T AT —XDELS

" = (round(¢y), ¢q) € N2 ZHWZE TN L DKL T-
7-. KS#iEtE%2 AWz XE#EE DI Tk, HOR
FEMER S % (19) 15ERLT 2 MREA BN L 225, ZD &
SBBENS, TANT—XE+2TL57-DIZK 3D &
HIT =R T AN T =R &S L, EEREITo7-.
5.3.3 Shape /N\T XA —49HEFED
KS fMEt£IC & 2 MHEEFLA

187 > 2 RERIEAT > < ARZE LT, NA 8= 3F A —
RNk ZBEEURET ap DA 8—I8F X — X R %
TV, KSHEFRICBWTHEDO S WSR2 5% 9 Shape /¥
TA—=R & B, FEHEBOEAN EBUN_FiEE W
7z Shape N7 A =& qy LAEBL TV L0 2lERT 5. K
B CIE, #ISRT ag FUTH 5 ag € {25,30,...,60}
EREL, TORTRIBVKSHaREZELZEDE &
95,

5.4 FREAZEHODKRIR

ARG D ETIVDOHRNEE © = (dr, by O, Pu) P
BWEDO—EEZR 1ITRLEZ. ZhE, —RILEEET LD
—FETHDINMIEH VX ETIIZBVWTHEVLR TV 2 DD
N7 MVOFR (d,s) N EHT 5.

s ZIE 2 KRBT H2RT MUIZEID Y TS, ZDL X,
JHREHDOHEZE (s); 2, (20) ITXVERT 5.

(8)j = N(¢ltwi, to2); (20)

J—zmhlz—u‘j[m (21)

272U, ty,te € [0,24) IZZNZ NN ZDUHFEHFEIGEZ] &
BRI TH O, t, ERZ VD 1 DDOBFEITEHY
TONBHHEDIETH B, ty,toe ENAIK—NFTA—K L
H5.

EHIZBE LTI, (22) &5, AH-HIEHE, H
EOHA»DEHD § FFIZOMEL, 1-ofK KRB LT 5.

7 if L....5) Adn =1
Puw = { i gaed SA e . (22)

¢q otherwise

INE 1ofK BEILLESDE euy € (0,1} LT 5.
KLU TIE, ¢, ZIRD K SIT, g - I - #E - 2
ZHNPHNTKAIL, 1-of-K RBUZ U7 ¢, = {0,1}? 2 E#
T5.

(23)

(1,0)" if ¢, € {1,2,3,4}
Pec = T .
(0,1)  otherwise
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8 ——— X I OLB- Gamma
—_— ——— [ LB- Poi sson
; ——— —— - [ Gamma
—_— —— = C_IRF

1 nonth 3 nont hs 5 nont hs
Test data size

H 4 JifTr—2&EIl L 0&FIEDLHED MAE O Hig

(24) 12k D, (d,s) D2 DD MLEBELE F IO
FAL LT HENTE S,

d = pnw @ ¢, € {0,1}15. (24)

5.5 HERER

K =50 K-REMGEZ XD, FEFIEDNAIX=1RF A —
REBRELT.

5.5.1 mIMEEMEED MAE IC & B HEEHER

17H, 37H, 5 v HOFET—REHAVIZET IV X
5 MAE QLR ZE 4 1257, 72720, =7 —/"— (3%
fRAEZEL, NHITIES > 27 MK A v < EE, K
ATV VG, $IEH Y < EjE, Random Forest % T %
N “LB-Gamma”, “LB-Poisson”, “Gamma”, “RF” &
RELTWD. £/, TNETNOHREDOFEAMEIZEL T 2
BEARD Ml t ME 24T - 72, Tk ma, mp DMEEE s 2B W
T s(myg), s(my) DMEREE RTHE, Els(mg)] < E[s(my)]
ERERHE LRt e Th b,

17 AP»S 5 r AZTOVWT OGS, WINOMEE
ZBWTH, K7 V7 B4 >~ < AlfRiE Random Forest
Zp<0.05 DEFKEZEWT LE ML RE72. &
A=< ERE, AR THIRL 2 D WThoFE» 5
Hp<000l DEEEZDIT FE -7, 2D, WIRE
FAANCIIRT A2 2k, RENOEWETILEREE
FTEHEIENTETNWBLEWZ S,

5.5.2 XEIHEMRED KS METEICE ZHBER

KS #iFtmo ik 2K 5 129, AL B VT, K5
VOB BT, ART VIR RT Y VET L,
BEOT—RETIN, RALEROHHZHWRWVEED
FT=RETNE, THETH “LB-Gamma”, “LB-Poisson”,
“Historical 17, “Historical 27 ¢ RHE L TW5. TJ—
N—=lF (25) IT X B HEA SHEHERFAEZRL TS,

\/Varw {myax{‘f)(ykz:) — P(y|w)‘}} . (25)

WINOFETH, JIfT — 2 EH1EINT 5 oh T
REMH ELTWBZ e brd. ZLUT, 17APS S 7
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BElLE- Gama
OB Gma | |
[T]LB- Poi sson

[ Gamme

[+ storical 1|+
[+ storical 2

KS statistics

0.3F

0.2

1 nonth 3 nont hs 5 nont hs
Train data size

5 T — X8I DEFIED KS High o

0.4

KS statistics

25 30 35 40 45 50 55 60
Shape par anet er

6 57 AROHIT — X ERAWALT ¥ 7 WA ¥ < EIRIZE
17 % Shape /85 A —& Z 2 D KS #ial&

HETOWTNDOGHETEH, KT ¥ 7R H > < A%
AWEGERS > b EBIZENTWE EWR D, $/7,
BWEDT—RXETIVE DLILERN S, BEERN A O Fr IR 43
TAANDERE UT, HY MOl —EO%E %2R
L7z Wz 5.

5.5.3 Shape /3T XA —9HEFED

KS #EtEIC & 2 5iE R

HA E RN TR L > TEE N7z Shape 73T X —
21, ag = 40.36 TH 2. ik L 7z #ifH T D Shape /37
A— RPEROFEREE 6 1T/RF. K, ag 2HMTRL
2. THIZED, ao =45 DS ERD, Gy =401T8
I3 KSR EDMHEITZDRIZEN-EDTH 72, Z0D
X312, ay DB, TOEFEFAVWE I +HERIZAN
L5N5 L, ZOREIZ 6 BHFELTWAEZ DG, $o
EHEENT ) DUEREIPHEZ DL Z LW TE L VR 5.

6. f5im

AIFETIE, BBENT ) 75— ar~A0itHzEK
12, READBIR AN A ERFE OHEE 217 5 72, BIADHEE
ZHWTIE, FIATEZOTELHMALHELESNTS
D, TOWERHEIZIIRADRH S, £IZT, AMIETIIHE
BRNHEFDOHLDERDBZLIZEHL, IhirEBET
KopZ e HBE Uiz, FrEREREIDHES SmICBIL T
W& e A % SE & AEOBIMR E WS RIZBE W TR Z AT
W, ZOHTHYIPHDPRETH 5 &\ D fhi %57,
ZUT, FRERMLZA Y OHEIRD LW REDE &,
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KT v IR <R ERE L. LREOREFEL
WFFik%, HEAOBIRNAD 1 DDBIZ B 5B
DT T—REZHWT, e, KHEHEE DM THhikg
5212k, BEFED, K7 VI RMERT Y VEllE,
Random Forest, HAfiZBEDT —XNLLANT T L%
WL 72 ET VEDILIRFEZ N5 Z L 2R L7Z. £0D
1Fr, L AHOBRP S, EAMNER/N_FEEHV
T Shape /87 A —X %&RD 5 F[EEEEL, ERTIIHRH
WEEEDLZZLIITERP 220D, THUTEWMESE N
AN=NRIA—RZDOEPERL LGB LN TE .

SENIE R O RN E TOMEREHE DA Z{THR -7
B, TNLANDOERS R B %2 KO 2 MELFET 5.
1EEArORE nfl2 Uiz & &1z, FEEHHN & Mg o#
UhHiEnn—-1)/2 B0 TH5d. TNZTNIZ DV TRFER
BRDDZ L IIMRATIIRWZD, L ORIRWLRGIEE
BRLUTW BEDRDH S,
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