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Detection of Cyclists’ Traffic Violations Using Multiple Sensors
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Abstract: In recent years, traffic accidents involving bicycles becomes a serious problem. For example, 64.7%
of the casualties during riding bicycle are encountering a traffic accident while riding with traffic violations in
2017. Although laws and ordinances concerning the riding bicycles are improving, the awareness about riding
in violation is still low. Therefore, a system that reduces riding with violation by automatically detecting
violation riding and informing the cyclist of violation contents is necessary. In this paper, we propose a
detection system of cyclists’ traffic violations based on state detection of cyclist by non-contact sensing using
multiple sensors. The proposed system has functions to detect the cyclest’s violation contents by using the
motion sensor and the illuminance sensor and notify the driver and the surroundings of the contents. We
conducted experiments on object discrimination and violation distinction of the proposed system outdoors
and confirmed the accuracy to withstand practical use.
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Fig. 1 Accident composition rate for all traffic accidents.
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Table 1 14 kinds of malicious driving behavior.
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Table 2 Number of warning cards issued in Heisei 28.
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Fig. 2 Overview of detection system of cyclists’ traffic viola-

tions.
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Fig. 3 Installation positions of sensors.
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Table 3 Comparison of motion sensors.
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Fig. 5 Running.
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Fig. 6 Operating a smartphone while riding a bicycle.

7 FhLEER
Fig. 7 Riding a bicycle with no hands.

8 A& L
Fig. 8 Riding a bicycle with umbrella up.
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Fig. 9 Riding double on a bicycle.
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Fig. 10 Riding bicycles in parallel.
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11 U T7IVE A Ll
Fig. 11 Real time notification.
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4. FHEEER

B R HLES - 24T - ATIRE R S L B & O BB EATAL
EOFIIREEE, BYRHERR A H W DR S5 217 9 .
WD B OREEY O WERE T T, B 12 O X
912 Kinect & 7 4 b ¥4 & — K% HEH O ESTI7IAHT 7
ICHIAT S 2.0m O S IZEEET 5. £72, BEERISE [13]
£V Kinect O AMEFEFRIZ AP IEXT T DL % & 5 2 2 1F
NE% 5wz, Kinect DAEIX 13~14 & LTRT
AT EHICHBL, BBEIE ORI, S L YE
TREEYT 5. HERHEOBE L HARRAOT B find8 g
T®H% 14.6km/h[14] z&H#EL L, 13~15km/h OHET
79, BERERZTEHRO 21 MO+ — V57 v RNy K
DY TAYA 7 IVERG, BiZHEEREB L2 ) o
FHEZIZSE 1.65~1.75m @ 20 {CHEMEE 5. BEIELT
JGEFEHFIRTEE LR 20,000~30,0001x & L, & SGERE & 4]
WL T B EERIAT 0.1 BRI OS A IR T 5. BT
JIS BiA&# Aah (TREERY 2,0001x) & AV 5.

4.1 BEBE - ETE - HTEOHRIEERL

HIR®E, ETH, SMrE 2T 2572012, 1 NOWHER
FHHIRHERREE, ETIREE, BTIRET, 2heh 10
EFoOt HETEZ@EBAL, E—2a v HKEE Ty F
TN & B ARREH BUAEEEOMGEEZ T o 72, iRk 2R 4
IRT. ZNThOIREEZ BB L ZHRTHZ ENTET
WD, ETREERITHLHHT A L b H o720, HIR
HEHGI L TR WO EHNTH 5 L E2 5. L
L, SATIREECalll L7z & 12 1 B2V HingEin g & f
MLTLE o727 —ADH Y, 2 OYE I 3EGEER O F T
bITo TLE VS THMTIC OB A 5720, WREER D
VBN D 5.
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12 FERRERSE

Fig. 12 Experimental environment.

F 4 E—a VIERICX BIREEHFIRE S

Table 4 Discrimination results by motion comparison.

G
WATNE | BERE | EITE | KT
HiZ®E | 10/10 0/10 0/10
FEAT 0/10 8/10 2/10
AT 1/10 0/10 9/10

K5 E—Ta RIS & B AR E SGETRH G R

Table 5 Distinction result of violation motions by motion com-

parison.
H i 2R
TN | BizHA<K | FhLEE | 43 Uil
H#zEH 2 < & 18/20 2/20 18/20
Fig Utz 0/20 17/20 0/20
A L 0/20 1/20 13/20
W EAT 0/20 0/20 0/20

4.2 BHREEGNTHIRTEERL

T voa v BIC & B ESGEHIWTRE 2 FET % 720
12, HEEEAvS, PRLEE £3 LEE #%ETE
EBRICENZN 20 1477 . &S LIEIRICH 2 42135
HEZ—VEEHCD, CHEREER, SEEEOE— T a v
L 3ODENImOE— 3 ¥ FFARICHET 2700, K
Btk - ELBPEIC & o TS 5. ZRERORITIZOWNT
DHWHERER 5 1R T. HEEAVE, FiLiGEE
LS ITHIET S FBAS <, BEAETEAT o708 S0
FOEEE LIS 5 2 L3 F o7 oz, S Uil
ZHIT L 7[R0 e B s, S OFE (7] L0 b
10%LL F w285 2 L8 TE 72, LA L, HiZH
A RO, HEEEAY R LS LBEOW )] Ol
LTLE) r—ADFERIL ROz, —), &S LiE
BET o 2BIS, AEHEA R EHITT 57 — AR SR
Biroflew, BRNNBEET) C & CRRTE b L%
AONG., 7RI, HEHEAYA S L [
HIWT L7234, HEHATROARZHEH#REL, £
LR RIS 5 2 L CREITE AT 5 2 LD TE 5.
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® 6 FURIAAHIHR R

Table 6 Distinction result of operating a smartphone.

IS SR
HAATAE | HEEEA YA | Pl | 4 Ui
&l (GTF) 4/5 0/5 4/5
et (ETF) 5/5 2/5 4/5
B1E (GF) 4/5 0/5 5/5
e (FEF) 5/5 0/5 5/5

® 7 TR L EE R R A

Table 7 Distinction result of riding a bicycle with no hands.

TS
RITAE | BEFEAF | PRLEE | 48 Lk
Fh Lt (GF) 0/10 9/10 0/10
Fh L (EF) 0/10 8/10 0/10

® 8 A LB G R

Table 8 Distinction result of riding a bicycle with umbrella

up.
H BT R

ATAE | B <A | Pl | s Ui

A2 Liktn (GF) 0/10 0/10 6/10

S L (FF) 0/10 1/10 7/10

R 9 HEBEESEGE— Y 3 V12X B HIWRE

Table 9 Distinction accuracy of violation motions.

i | EE
HERH A < R 0.90 1.00
Tl L adiin 0.85 0.93
A L 0.65 0.70
Tl L s 1.00 1.00

KIZ, HEHEAYROHWHROFMER 6 (IRT. &
DFHITLBPBORHEEAYKRTH S LHBATETW
B, FRLUEZEBEHM L TWA I LD 2EH 725, H
BRI E OFONME, 2% ) P AT 4 LOFOFRME
DY EEEARA L, BEMEOBEAMED Y BE L K
L, Z&RO5HZETHHAMZHMIT 5 EDPTETH S
LEZ NG, 72, BAERITE [15] TIRk & s A< —
N7 VEBIET S [R5 E] OffExiToTHEY,
HEZH 2 < R I2DWTIE, BEAFTSE & [R5 o4 it 2R 2 3
HIENTEREERD.

Fh LB O IR R OFEM A2 T 7 (RS, Pl LaEin
DAMCREHIT 5 2 L3, BBLXZHKT5Z L25T
Elobwnwi b,

S LB OHIWRE RO A T 8 (IRT. Mo GE
I DS LERTH L LHWT T &2l DR, 1E
EFRLUEREHBTLTLE > T3,

F7, FNENDOE—T 3 VYO - LR 9
IRT. S LIEELAMIE VIS E 255 2 25T &

© 2019 Information Processing Society of Japan

5 -

X=512
13 FHIFEER T 0 HREESTALE

Fig. 13 Bicycle’s traveling position in evaluation experiment.

R 10 HERHLOEATALEH IR R

Table 10 Discrimination results for each bicycle’s position.

X RS (CPE) ] LIPS gl
85.83 | 10/10 | 0/10 | 0/10
156.10 | 9/10 | 1/10 | 0/10
261.24 | 0/10 | 10/10 | 0/10
404.82 | 0/10 | 0/10 | 10/10
435.18 | 0/10 | 0/10 | 10/10

T W N =

7o, FRICHIHE AT RIZEBEEN 1.0 THY, Rdiio7
I AR LIS WE—S 3 v Thb I EDRGhots.

4.3 2 AZE) QYIRS EMREL

HEEH O 2 AR ) HIWISE 2 MaEd 2 72012, HEEHO
2 AT 2 FEEIC 20 [TV, ¥ AT A2 X BRI E
vy b7z, 20E 190 2 AT ) THDLEHIMTE, &
VHIBTRSEE 2SI T X TV A, HIFCX dro 72 1 [,
FSEEDIE > TWHIRETH Y, [FIE OIEAH iinf i
BHOHEICFENDEMICAE L, HEHERZIUSTE 2o
7272 Th o7,

4.4 WEOHBHERERE

HIEHOIE & 13 AR 2 A7 e A2 L LT h. H
BEE O Z FEER I 20 [TV, ¥ AT A0 X B HIET
Ay b L7z 20 [F 17 [ EETH 2 LHETTE,
EHIWTIS R 2 T & 72,

4.5 BEHHEETUEOHFIBERIL
FEEREOEATAE 2 BT 5 720 0MEIE, Y A7 4 ¢
O X EEDfER ¢ & L72& &, Kinect OFF LA S 0.5m L
ERAOME (2 <178) Ok & [/MAl], Kinect O Hlah
5 0.5m AHLLEOE (¢ >334) D& & [4HH], FRBL
(178 << 334) D& &[] ERETH. ZNICX
D, 1.0m OIEROETMEOTNEZHNT LI LN TE S,
COBMED S & T, BHIRHEITAE O F IR & MREE T
572012, 05mAATEFVELZEEL, Y A7 4 LD
X R BT EE T A, K 13 OETELY 15
LIEFIZ 5 EZEHE L, 2FN 10 BETTA. F 10 12
MEARYT. 1.0m OETMNEXITNLZ LIRS 1, 3,
5 DEATIE O BIKE R 2B &, FEATIE OB 25T g
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F 11 EfTRE2 & 4 TO X EEOR/AME - RKAE
Table 11 X coordinate of bicycle traveling location 2 and 4.

X R (F) et e it
102.20 | 10/10 | 0/10 | 0/10
210.01 | 0/10 | 10/10 | 0/10
320.77 | 0/10 | 7/10 | 3/10
479.88 | 0/10 | 0/10 | 10/10
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Fig. 14 Iluminance of riding with lighting.
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CiE THm] & ThR] OoBREETTLILICEE. £
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4.6 JTKE&HRFOREZE(CARAL
TEXT JGEEHIWT 24T ) 72012, ST KB O REZ L%

WEES 5. BREEDSY 1,2001x @ & 312, ST KIElL % ERS 12
20 479 . FEERIZ X o TS NI FEFEORRE & BRE O

EEE R 14 1R, 20 BIORATHIZIEE DS 150~650 1x
FREIFNIC LA L2 LR T &2, 2070, BHin
HUEHL A B I ER RO B X 1 1501x DL E RS- L7285
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Fig. 15 Example of change in illuminance riding with light.
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