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Abstract: The state of the bus such as operation, forwarding, and break recorded in the digital tachograph
depends on the manual input by the driver, and the drivers suffer from the burden. In this research, we
attempt automatic classification of bus operation status by machine learning of vehicle speed/engine speed,
GPS, and etc., which are obtained from digital tachograph, GPS, and etc. In addition to the raw sensor data,
we propose additional features such as a distance to a bus stop, a distance to the business office, a distance
to a car wash place, and etc., which are obtained by processing the raw data. As a result of the experiments
in the real two routes, we obtained a correct answer rate of 0.929 in the same route model. Furthermore, the
proposed method gained 4.1% to 16.9% higher correct answer rate than the manual input by the drivers.
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Table 1 Bus states required by operation managers.
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Table 2 Details of the state “In Service.”
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Fig. 1 Flow of a route bus operation.
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Table 3 Comparison among classification methods.
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Fig. 3 Route Y.
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Table 5 The number of records for each operation.
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C 06:05:00-14:12:23 58,463
15:01:19-21:50:57 49,079
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TRIER 3 X OSRTIEER, Lo — FECERS. B X Ol
AIBWTIE, B 58 F 3 AA 1Ao7 L, &Ff
3HEITHDOTFT =y belhoTWwh, Y Ol B,
C, DIZBWTIE, #£%2EiRTF 5 A1 05 20EFF L
HR 5 BT DOTF =5y hehoTWA,

5.2 FHfisE

AWFZETIE, EEEORBEELHEL TV D700, B
CHLD AV SN2 A A T OMYER X OH41%, B0
ETHE b L ICEST— 7 2R L7z, R 6 ICKHIC
BU L EITIREOIESE T — 4 &k RT. il A, B, C

© 2019 Information Processing Society of Japan

® 6 KHWIZB BETRBOES 7 — 5 %

Table 6 The numbers of correct data of each bus.
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Table 7 Sets of learning data and evaluation data.
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® 10 s XY OFFHiifk R
Table 10 Evaluation results of “Different route X-Y.”

xR 8 LR ROME
Table 8 Overall results of the evaluation.
FET—-5 FHli T — %
X(A) Y(B) Y(C) Y(D)
X(A) - 0.764 0.747  0.681
Y(C) 0.661  0.929 - 0.906
X+Y(A, C) - 0.919 - 0.873
F 9 [AHEHMY ORISR
Table 9 Evaluation results of “Same route Y.”
B D
RN E&FE  LVa—FH EEE La— i
i 1.000 6,756  1.000 2,060
fit 8 0.952 1,629  0.018 765
itk 0.705 353 0.000 325
WEAT-SEAT 0.992 65,335  0.990 30,886
AT 0.662 1,501  0.906 880
JEAT A= 0.943 2,661  0.974 1,396
PREE 0.822 13,817  0.801 9,046
[m] 3% 0.135 1,933 0.083 1,024
el 0.000 174 0.887 371
Jip )i 0.943 574  0.275 167
fhiA 0.000 733 - -
Gt 0.929 95,466  0.906 46,920
5.3 FHE#ER

FHIIEH O RO Z R 8 [IRT. R0 €7V
(R4 2 IEE DR S & <, il C OE 7V L CHLE
B DOFMEiREHE250.929 £ 72572, W TEWVIEAREZ 157
DVHEEEEARE TV T, BT TV IR D RV IEESR &
oz,

Y OFHEiERZR 9 1RT. MERICBNT,
FUIREE, AT SEATIREE, AT S EUIREE, KEUIRREDS 0.8
DB EBWIESREZ R L7z, $72, FEIRAE & [6REEIC
DWW TIIMHEM & S IEEFRI0.7T LT E )R E ko7,
FCHUIREE, FRHRIREE, fuikEE, JREIREBICO W T, 2
B RIZ BV TIESERICKE RENR SN,

fEEH XY OFFMiFE R %R 10 1”7, @7 EATIREE
I 3HMIZHBWT, IEFEPSRIKTDS 0937 &, B
ERLTWDLIENGNAH. UL, FriReE, (REREE,
JREIREEIZOWTIE, EOHEMIZBWTHIELEFRIT0 L v
IERDPES N, T2, BRIREE, FAHIREE, phELREE
D3 DODOIREEL, FHMEIZBWT, EERIZKEREDS
EVHERTE 5.

s Y-X OFFliAS R E R 11 1SR T, sSHIRE, &
AT—EATIRRE, JREIREEIC D W T, TFAZDT0.9 Db 5
VIR ZIRLTWA Z e h b, F7z, Ffkikeg, Rk
IREE, [EIRAE, FAVMIRRE, TRHUIREEICOWTIE, EE#E
AET0 LV FER L o7,

BHERG ORGSR A2R 12 (RT. SiREE, #17E
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B C D
REER  EEE Va-M IREEE Voo R IREE Va-TR
Pt 0.979 6,756  0.817 7,677 0.050 2,060
i ¥ 0.548 1,629  0.582 1,518  0.498 765
itk 0.000 353 0.000 883 0.000 325
EiEfr 0937 65,335 0.949 73,071 0.959 30,886
ErgE 0524 1,501 0.677 1,930  0.669 880
& 0734 2,661 0.603 2,907 0.824 1,396
fRER 0.000 13,817 0.000 17,304 0.000 9,046
[ 2% 0.621 1,933  0.345 1,485  0.107 1,024
e 0.724 174  0.184 256 0.000 167
Jip ) 0.000 574  0.000 219  0.000 371
thii A 0.151 733 0.747 292 - 0
Gt 0.764 95,466  0.747 107,542  0.681 46,920

£ 11 K Y-X OFHIR R
Table 11 Evaluation results of “Different route Y—X.”

REES, &R La— N
R 0.939 6,283
[LVGEN 0.248 4,986
R 0.000 4,586
WEAT-EAT 0.985 66,642
JEAT-%8%5 0.485 3,058
EAT-EH 0.069 4,925
N 0.000 18,901
] 3% 0.016 1,760
EEERlil 0.000 670
)i e 0.896 144
VEH 0.000 1,093
&l 0.661 113,048

+= 12 HEEEHE 7OV O FF RS

Table 12 Evaluation results of “Multi routes.”

B D
INTIES & La—FK EEE La— i
ey 1.000 6,756  1.000 2,060
L HE 0.941 1,629  0.051 765
Rtk 0.992 353 0.000 325
HEAT-EAT 0.980 65,335  0.983 30,886
EAT-FEAE 0.653 1,501  0.876 880
TEITAZH 0.952 2,661  0.988 1,396
N 0.779 13,817  0.678 9,046
0] 5% 0.328 1,933  0.217 1,024
Fa 0.000 174 0.000 371
)7 )i 0.937 574 0.018 167
VEHL 0.000 733 - -
&l 0.919 95,466  0.873 46,920

ATIRRE, BT ASHLIRAE, (22w T, IEARDP 1L &

V) RIS DR Z R L.

[a]

TREEIZOWTIE, 28 & H FARIZ 03, HDHNIE0

EwIyfERE o7,

FCHLIRTE,

FIRRE, FEUIRRE, TRE
FEPRIREE, JmBUIREEIZD
567



[BERIEF =R G Vol.60 No.2 561-571 (Feb. 2019)

* 14 EEHOF AR ORIFLTY]

Table 14 Confusion matrix of the drivers’ inputs.

FADIHRER

R OEH FREE GEAT KE W v JREE dEEE usdy

=t 0 0 0 0 11 62 0 0 0 4

i HE 0 0 0 39 2 0 0 0 0

Rtk 0 0 0 13 0 0 0 0 0

TEAT 0 0 0 2,225 0 0 0 0 0

AN 0 0 0 354 44 0 0 0 0

[o] 3% 0 0 0 2 0 28 0 0 0 0

Ha 0 0 0 0 0 0 0 0 0

Jir e 0 0 0 0 0 0 0 0 0

EE 0 0 0 0 0 37 0 0 0 0

=B 0 0 0 0 0 0 0 0 0 0

£ 15 RETFEOHEHLORFITY
Table 15 Confusion matrix of the proposed method.
it

MR ECH FRB O EM-Eh EfRE O EGRE R WiE fauh RE R
=Y 7 0 0 0 0 0 0 0 0 0 0
i 5. 2 39 0 0 0 0 0 0 0 0 0
itk 0 0 13 0 0 0 0 0 0 0 0
TEAT-EAT 0 0 0 2,063 16 2 2 0 0 0 0
AT 0 0 0 16 29 4 1 0 0 0 0
TEAT 5L 0 0 0 0 7 84 1 0 0 0 0
PRE] 0 0 0 4 2 10 382 0 0 0 0
[ 2% 0 0 0 19 0 0 0 11 0 0 0
LRl 0 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 3 0
VEH 21 0 0 0 0 0 0 0 16 0

® 13 HIZHEOFT AN EREFLEOEERO LT

Table 13 Evaluation results (drivers vs. proposed method).

Hilj B il D

AT 1 T2 AT L

HMEZE AT 0719 0.812  0.885
/i SRN 0.888  0.952  0.926
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¥ty M L7
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TN LA IEERO %2 RT.
BILE OFATER LY S EITIREGHE T VO L HW
FAEREZRLTVSE I ENGHDL. |
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F 16 KOWET VBT HIFHMEOEERE

Table 16 Features importance of each model.

i X LY AR X+Y
REAAGHEE  0.227  HEPTHHE 0197 EFESAEEE  0.237
FEPHEEE 0.172  REOAGES  0.145  PEHIGHEE 0.141
WG 0.110  VEHIGHIEE  0.125  ESEPATHEERE  0.111

WOEATIESE  0.094  #EJE 0.107 #JEfTHEEE  0.101
FERE 0.093 IvUVEEHR 0.092 #EFE 0.071
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