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Abstract: With the development of information communication technology, it is possible to easily acquire
various kinds of information on a bus, such as bus location and departure/arrival time. However, bus traf-
fic is influenced by various factors such as traffic and weather, thus the operation conditions are likely to
change, and accurate arrival time prediction is difficult. This paper proposes arrival time prediction models
that update the prediction accuracy in real time using the multiple regression model and the Kalman filter
simultaneously. The proposed models are an MRKF model that inputs prediction results based on multiple
regression models calculated based on past operation record data into the initial value of the Kalman filter,
and an EMRF model that updates predictions by multiple regression models according to the bus location
data. We evaluated the proposed models based on the analysis of actual bus operation data using prediction
error. Our models resulted that the average prediction error from about 186 seconds to about 17 seconds.
Furthermore, we conducted a Web survey for 169 answers on the method of presenting the predicted arrival
time with errors.

Keywords: bus arrival information system, multiple regression model, kalman filter
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Fig. 1 Comparison with conventional methods.
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2 HFHLAAHBTENABLOAHENAT -5
Table 2 Nagoya city bus and Meitetsu bus data for analysis.

HIEHL Sl ID EN e
8415 (e 1] ok — &38R
8471 (48R 19] ¥SIXMEPT — iR
8784 [HI 14] NP — S0

HHTRTE N A 8921 [FEEF 12] # TSR — # T EcFEr
8939 (W57 14] H TS 7L — KR

8990 (AR ] RS — A7 I

9014 [EHRE] FH - P

9015 [EH&m] A - A
N A 10430 JR~ 1 F > & — )V [l ~ S gy

® 3 KHEZIIBI HHETERT — 5 DiLENE

Table 3 Description of bus operation data.

T Sl BN A L8k IN
NAZEDID | HEbEE ¥4 X 1D
SRR St ID R 1D, TR

INAEOFERE | ANy MR (138, 3 | RIS
W, FoM) A4 b
B IR

Ffrk LN AfE ID

PR e

&Mk, i OVIE
HT 2 FE R - T8 FE )
INADBERLE | 30 B T L DR - #FE | -
FH B - FeHNHL - BEE KL

4.2 ZBHNIEFTTF—4&

SN T ITEENMENO N A 710 W, /NAfE
1,539 B, AL 523 V— b HEENTBY, I 1GByte D
F— I BTHo7. BYNATIE, F— ¥ DRI A=
HERIZOBTONTEY, TN ATLIla=—r %y
AVIDPFEHNTVE (£3)., EHIIFAVID LI,
Sin ID, R ERLG, T4 Y ID, (BRI, EREEE
g, PrEsEE RSN S, 2, BENATIENEE
Bl UCHEEA, BEAKIRHESNTVD, S H O
FETIE, AFE523 V— b b, [IGTTNE E S RO A
2P, THIC1LZAYL2hwboe, RIEZHRL, 67
R eFAHLZ. 2067 RHOSHITIE, 201743 A1
H~31 HO#EfF 77— #FH L5, F72, 53 HTlk
Ty aEr T A7o0, 20067 H 1 H~14 H, 2017
F1RA1TH~3A31 HO@ESTT—5 2FH L7z, K
T, FISHR#H D IJR~A 4~ E— VR~ (& 5)
/. BELTRK D IR~ A & ¥ F — b R I ~ R W
VLRI % 58479 2 4585 20 9 B3 B EAA J7 0 5
W, WKHOFIHBEED S, FBERR O K X vy A fE
TH 5 HMIGER, WRIFFONEE &L, BIERL D
B IC L > TEBT 2720, K LOREETIVIZL DB
MEF ORI ES L Z LTV EEZRE L7,
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Fig. 5 [Meitetsu Bus|] Route: JR ~ Aeon Mall Okazaki ~
Higashi Okazaki (Coefficient of determination 0.77).

5. R EDHEHEICEAT 2MREL

5.1 EBEIFHIC L D RERE
SHRNAD201THIALIH2S 31 HETOT— & 124
LT, EYRGH2iTo72/R 2R 6 ITRT. HHoD 67
SR L, ket L, BIHICER-E A, B
EREIL 090 205 046 L o7z, T2, HEHETHENA
DT =Y DPRERBER TIZE LD 5.
%%%ﬁtu,%%%ﬁﬁﬁ%%ﬁ%8n<%wﬁ%6
EL0ERTIBETHL. 0B 1 EFTOMELD,
TWE SR R EmR D nwEEZ NS, %ﬁk/\xw
RO TFEIZ 0.69 & 72572, &b P EREASR Tl
BREDo72OE, FfE - AR~ HIFHE~ FEHR I -
~ELHTHo7. LhL, REOMEEZRS L 586 x 101
EWVo EARHRICKEWEIC > TB Y, ERRSHANIE
LATON TG o722 8 gmorz. T, TORK
ARIII N AEDI 2 RB D), HPAER DL T E 72072k

F2 D, —F, AN EDo-DIL, R IR~
NI~ TH Y, IS ERE  BEE 4 ~FAR

M2 B A ABA 2 EESERTE A nwr e EZ LN,
L RTE NS ZONEIZ 0.76 TH Y, i dIE R

L moomld, Skt [FHEKM] FHE - FTHT0.88
oz, Fie, ROABEELZIR LD, Rif: [P
12] T8 — HT ST, 058 o7z, R [E
HRE] A - FHTE, NAEXEO S, #6EH0
ST tED 2 D R e o 7228, Bk L [PFEE 12] #F
PRI — T ETEETIE, ¢ EDT 2 L& 7% o 728 24 X ]
DOFIERIIH 4 E72 - 72, ¢l & X ERR O O A
ERTETH Y, tHEIAKRENITEZOALHAH 2L

%@TM WCERITHAE I EERT. TOHMPLEKD tED
WIZE > TRET oI EL, B [PFe12] T

© 2019 Information Processing Society of Japan

RERM
1
0.9 |02
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
G R EHEEEEr EE RN rEEH RSN ORME TG &8
WO EEEEEEE > EEEK->RERE S ERBKEREEE > NERE
VIR KK 2 KKIR L 0 KK K 2 B K ) IR B K ) KK
PEEHK! LI IRIIERER L I UM UEERL L L ES 12
HE B R REEHEE  MENESHIEC I EE! I DOHERD S
BEE G- HEERHUERK I CEBR P EMOSEKK | B4
B OEBRE WK | BEE ST HKK!] SEHEKRER S | HEE
2 RHE@ERE |z IKEEEEL e KEE! 1@ pES)]
£ HEOE! IW-ES 1HKEwr&E-> 18 BHoelE AKEE
B BEABEERXN ME E®Q1oE 0 &) #HE-SIERY B
? R EHR Rl HIEE K 0 EE K CEYE W
I To® v GE EHEK ®E ©xi S5 Q1E <
£ & ! BN EKE o R g T
& B x . ®K1< S o« E E
i} & - B o o ® ®
i B ® & >N
i@
*
RERW
1
0.9
0.8
0.7
0.6
0.46
0.5
0.4
0.3
0.2
0.1
0
R R EE S RN E SRR QU B OO QEE
CEEW S ERKEEBEE > SUNTHEKERKE-SK-E>>EEKEE
WURRIEK U Bl L LU B E L L R R
GRUTEEH YL LV EE L AL L HERE D WEE
KEBEE | | P EREREER | B o LR B ER LM U EEREE
BPRESKEH ! HEDKRBKIIE L >NHK L I RG 11 LR L
VEKI I ECEMEME L UG (I GERE ROCT i E Q&
EUETHKRE M) EE EETEIEER | EEEHRKEDRE®T
EE EBo!EKElr HY & KEXLHEK QRE! 1 I KESEM
WE BRH LE@S EE MG KE! KEKESE (HES
VB I BEEEK 0 1l B BllE 1) REEE #H ®
i I EAKM!  EM  E EESE S XKKE BE &
% Samure  EE 0 B 1REM EE 4 £ K
] # ogaw-> KE £ THE K y
< « K ® g T &
# & i i
6 PN AITBIT DGR PR
Fig. 6 Coefficient of determination (Meitetsu bus).
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Fig. 7 Coefficient of determination (Nagoya city bus).
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06 L . R? = 0.0053
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I8 [BR]
B 8 ##NAIZBITSH R &N AEHOBR

Fig. 8 Relationship between the R? value and the number of
bus stops (Meitetsu bus).

FHETIVTENL SWHHTE 222 £ TET, 11308
WIFERWEEZ bNLA. JuERES 0.0053 & 720, HE
RN o7,

5.2 ERRAICEL IREEE

Gl BT E N AN BT 50 8415 ¢ [FEHe 1] % — &35
BRICBWTEEBONT 21T o 25 REER 4 IR, 8
121320144 12 A 13 A5 19 HFEF TO 7 HE 0 ETE
BT = vz, E7, BPYNRIBITERE IR~ A
F T — )V I ~ BRI 12 B\ CEEF T EAT - 7R
Z, ®"REIRT. FHICE2017TE3IHIE»S30HFT
D30 HE % vz, 2z [NAEXH 1-2], [Early
Morning |, [Monday | &1 2NHEiE 0 & L CTHRETHEI
L7z, pfE& 3, FHEMRSHEIICEED &) 22 HlT
T27:00b50THY), ERRSTOEE [ 2 DEEM
DEFIHRTEETIIZ V] LW IREDIE LW iER %
Y. pE< 005 THELDERHAMICEETHL L,
TAZ )AL HERL L., RELAHBEHENZATIE, N
A5 1-2 BT ORTERENIL, GR5EBRNAE 11251 5 EiR
TAT L 5 MBSFLEF DS IERE ClE v 7z, ZRE LRV
DETAH.

5.2.1 NZ{EXRE

F 4 (a) [ IRTHHBETENADONZEX I LT
KECEND EZHRRKEENZRETAIRE 2L, K
B & DMEMOFECHRERTE /2, 1T A LEDINNAEXE
TpfEIF0.05 LFTH Y, WAERHIZEEICE L CEE
BREHETHDL NG horz. FRIE, £ 5(a) IRTH
PRNADNZEXFNICE LT, KT EITREAZEIEL
BENOREVNZEXE ENS VKOS SN,
5.2.2 REfEE

F A D) IR THEETE N A ORI LT, pfE
H0.05 LD/ BBH0E %L, ZOENPOIINTA—F
&0 BIEADFEEDL 7S, [Early Morning | OF2£D
AR KEL, BEISELRLTVWEWIFERICR S
F72, HEHICE LTI, Friday & Saturday D2ZEAvK %
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x4 [HEEHEANR] R[] K - S B L HRE

Table 4 [Nagoya city bus] Coefficient of Route: [Kikan 1]

Sakae — Kasadera St.
(a) /S AFEIX

INAEXE | AR REL p 1A
2~3 e~ iy 0 -
3~4 ST ~ LT —12.8 | 0.02 *
4~5 AL HH T ~ 6 8 2 [ iy —121.4 | 0.00 *
5~6 B AR~ WAL E =T H 8.9 0.07
6~7 HOE =T H ~ @ik 25.8 0.00 =
7~8 .ﬁu_~.mt —50.4 | 0.00 =
8~9 ~ B 30.6 0.00
9~10 f’éé i AT H 11.3 0.02 *
10~11 JEHGE AT H ~ 5 —19.8 | 0.00 *
11~12 e~ AR 16.0 0.00 *
12~13 SR T ~ 3T $R I —111.4 | 0.00 %
13~14 TSI FH ~ e R AG 4.3 0.4
14~15 I KAG ~ T8 T H 13.0 0.00 =

(b) EDMD %

I [ i Gy pfE
Early Morning 0 -
Late Morning —4.2 0.2
Early Noon —4.2 0.2
Late Noon —2.8 0.3
Evening —6.5 0.05
Night —34 0.4
T H FREL p fif
Monday 0 -
Tuesday 1.4 0.7
Wednesday 0.3 0.9
Thursday 4.5 0.2
Friday 11.0 0.00 *
Saturday 8.1 0.03 *
Sunday 6.9 0.06
Z D1 Gy pfE
EN —1.0 | 0.00 =
RN 1.0 | 0.00 x
R AN 38.5 | 0.00 *
Ok —53.4 | 0.00 =

w:tﬁ%#ot.%ﬁﬂzw,%5@)@%%%K%L
Tl¥, Late Noon & Evening 2%, (2B L T, Friday,
Saturday, Sunday &\ 7z EE@%géRﬁ‘ﬁ EVEgmro
2. IHUE, CORBICIEA A E—LVRABEE VS T
Y—TA XA ME=ADHY, HLYVEBRET~FT, FH
LKA HRRMBEDN S hbizbieEzoNhs, %
B, X 9 12779 & 912, Friday, Saturday, Sunday O3
HAFEMOHICHRTE L o> Tn5,
5.2.3 ZEEMENXEHROHRBEH
ZEBTENADRTRENDEN, PSR, 7
Wik B L TiE (E4(b), pEIZTRT0.05 X1
NS, BIEICEH L CTEELERTH L I LG o
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K5 [HPNA] R IR~ A4 2 E - VRIG~ BT 5
FRE&
Table 5 [Meitetsu bus| Coefficient of Route: JR ~ Aeon Mall
Okazaki ~ Higashi Okazaki.

(a) /S A

IN R AE | FR REL p 1A
X[
1~2 T I BRAT ~ [ ¥y 7 v & — 0 -
2~3 [T €y 72 v ¥ —~FIE —118.58 | 0.00 *
3~4 F T~ A % > F— V[l 91.98 | 0.00 *
4~5 A F ¥ — VI ~ [R5 50.50 | 0.00 x*
5~6 I W 225 2 5 ~ [ ey 25 5 2 i —75.24 | 0.00 *
6~7 I WA 5 5% 28 i ~ 5 TR —112.34 | 0.00 *
7~8 MG ~ E LR ZE T T —132.71 | 0.00 *
8~9 ESZHFFERT T ~ B RSEHT 107.95 | 0.00 *
9~10 | BARIEHS ~ HThel gy —173.07 | 0.00 *
(b) n BRATIC BT 5 R AE (c) TDMDEF
n BRAT | 4% p IRe | p il
1 BRAT | —0.12 | 0.00 * Early Morning 0 -
2 BRET | 0.09 | 0.00 * Late Morning | —9.42 | 0.00 *
3 WRET | 0.02 0.21 Early Noon —0.44 | 0.00 =
4 BRHi | —0.00 | 0.84 Late Noon 11.95 | 0.00 *
5 BRar | —0.01 | 0.47 Evening 9.53 | 0.00 =
6 5Rai | —0.01 | 0.60 Night —11.62 0.00 *
7 B | 0.02 0.27 EH B | pE
8 BRA | 0.00 0.95 Monday 0 -
9 BRAT | 0.00 0.94 Tuesday 1.86 | 0.49
Wednesday —0.10 | 0.97
Thursday 2.63 | 0.30
Friday 6.58 |0.014 *
Saturday 24.92 | 0.00 =
Sunday 19.64 | 0.00 *
Z D ¥ | pf
It 5 T I ] 0.37 | 0.00 *
R N 7.91 | 0.00
i)y 123.18 | 0.00 *
ESOBEEAR i;,ma

200

179182183

162 167166

REEABA
3 2
8 3
SN R
-

SN

|
|
7
.

9 [HPNA] it JR~A A ¥ — VR ~ I I2 B 5 B
fFZ & DR AE
Fig. 9 [Meitetsu bus] Number of Passengers of Route: JR ~
Aeon Mall Okazaki ~ Higashi Okazaki.
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VAT, FHEREEEIEICEET 5HHEARE o7z L
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Pl Z Ens, N2EXRBIIIRET B ERGST %
199 2T, BEELRFHPEKTH Y, KHTFIZOVWTHHE
RN Z PR T VIl ORI CIORIE IS E 2 Y 13T, £
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xR6 [AHNR] Ty REOBILIZL HEAEDER

Table 6 [Meitetsu bus] Variation of error due to change in

data.
14 H4 | 101 B4 | ARuiEibe2at4
PR B] 36.4 38.0 28.6
KRz 7] 327.4 254.4 119.0
iR 1] 0.1 0.4 0.18
THE (R 7 45.4 36.6 23.2
R? fii 0.30 0.42 0.53

RERT — Y IS5 b DD, ENEIGEEIIRET L5
LB TH Y, RETHEIHALAL Z LTIV BEOE
TUATEEIL LD EEZONS.

5.3 F—2BOTLIC L 3 ERRH T OIEERT

LERNADT—F I LT, F— 7 EOEI L 5 EE
ST DT RN O B EE L 72, 2016 4F 7 H 1 H~
M4HEFTOI4HM, THIZMZ1H1H~3A31HZET
DOF—%%BIML 101 HE, BLXO 101 HEOT—%
W3 LAV R B L, R T o 7. MEEHIZTRT
2016 fE7TH 15 HET A, B L JR~A F ¥ E— VIR~
B2 L C, BERFAATIC L 5 PR ORGEE R 1T - 724
BERG6IRT. UWHOGOT—% L 101 H5DT—4 T
ERAZEOFIIMEIC R & BB R A, I RER AR (R 2
B7— B0 LD /NS o7, Az L,
SEEfE, ROKME, BERAEOMENSS HITNSRY, &)
FUREESWEL-EEZ NS, —TF, B/MEICEEL T
B4 HBOT—=TEDRNVNELLhoTEBY, 7—%
EOEIZ L B2 REHE{ER N oT.

R2fllX, = 2FETNTENL SWHITE L h%
FHHET, LIGEVIEEBVWEEZONS, 4 HGDF—
ez E60 R?2EA50.30 THo7z0l2xk L, 101 H
BOT—=FTIZ042 750, 77— mOWIC L LHEED
M ExfERT &, 72, MUEZBRWEHEO R HIE
0.53 &7 0, ZEFE A NV N RIEFEOTE 7 &1 X B4
TEOBFRIZL Y, HBERELICmLELE, Dozl eh
5, EERGHTICH VL F—= 5Bz LY, FkEE
BmEdseEzons,

6. EBEEFILERWAENIBIEEZFAEICE
ER-ER i

6.1 FiHIEEZE%# AL/ MRKF 7L OEEHE

MRKF E 7NV & 2 TR E O LA ERT 57290,
Chen 512 X AHF%E [10] &[RRI IV~ > 7 1)V & DHIH
AN ZFTER B & LA L D17 - 7. &F
CIE A EETE N A DR 8415 & [ 1] S ~EFHC
BUIF52014F 1215 H (H) OoF—% &2 HwT, [A4FE
120 22H (H) DIBESAXYHBENEIHETHET
OPFTER A PRI L 28R iz, £ETVIC L 2Tl
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Fig. 10 [Nagoya city bus|] Comparison of accuracy with previ-

ous research using prediction error.
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Fig. 11 [Nagoya city bus| Average prediction error.
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Fig. 12 [Meitetsu bus] Comparison of accuracy with multiple

regression using prediction error.
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Fig. 13 [Nagoya city bus] Comparison of prediction accuracy
by RMSE value of each model.
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Table 7 [Nagoya city bus| Prediction error of each model.

SeAiifsE | MRKF | EMRF
RKRE [#] 278.8 70.3 60.7
Ml (7] 97.0 20.6 3.9
FIfE (2] 186.3 43.3 17.0
T2 [F] 53.3 18.2 14.3
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Fig. 14 [Meitetsu] Comparison of RMSE values (Route: JR ~
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Fig. 15 [Meitetsu] Comparison of average RMSE values.
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Fig. 16 Method of presenting the predicted arrival time.
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Table 8 Attribution of subjects.
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Fig. 18 Question3-5: Point of view about delay.
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Fig. 19 Question4: Point of view about prediction error.
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Fig. 20 Question5-8: Point of view about prediction error.
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Fig. 21 Question9: About predicted arrival time.
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