[BRIEF=EmEE Vol.60 No.1 76-86 (Jan. 2019)

BRAERE~ A 7 a 7 + v & W
0 ¢ AN ATITY (1§ N S A

AH e R IET

PR HEA

HIBH W12 fRH !

ZftH 20185F4F9A, #5}H 2018F10A2H

BE [ ITS (Intelligent Transport System : @& BEEEZEHM Y AT 4) IZBWT, @K LOETHETMITIZ
HEERIAID1DOTHL, EFHEYA 707 4 Y2 AVAKI A P REHRH S AT 205 E4T-
TWwh., BEANCEEE L2 2 6O~ A 707 + VICHTGETEAHES 2 EHZEORFMZ(L L v/ [H

Y2y 7] BT L CHEmME M T A Tie 2 ETICHIE L.

L Lo, AT EE %7238

frCHM T 2 A I HIER I E DR T 325 L W MED D 5 2 L s, AR TILBEIAM T BT
3 A5 4 SAVeD #7579, SAVeD Tld, Hlja Y™ > F~xy 7 LOEBELFIE S5 L, MiHE
M ICAPIE S 2 2T Y v Ry 7 E 5l Lads S BRI ICHEmM L 2479 2 & THuH B A
DHEMOMMICT 2 5 HE LM S5, Al 1 #BHERKIC BT SAVeD O FEFEFF %47\, F fii 0.83

EV)EWIFIETHEM M TE 2 2 & 2Rl L7z,

*—7— K HEERE, $8tr2 7, B2 Fv v 7, RANSAC (Random Sampling Consensus)

Sequential Acoustic Vehicle Detector Using Sidewalk Microphones

SHIGEMI ISHIDAL'®)  JUMPEI KAJIMURA!

MASATO UcCHINO?

SHIGEAKI TAGASHIRAZ AKIRA Fukupal

Received: April 9, 2018, Accepted: October 2, 2018

Abstract: Vehicle detection is one of the core tasks in the ITS (intelligent transport systems). We are devel-
oping a low cost acoustic vehicle detector. The acoustic vehicle detector relies on two microphones installed
at a sidewalk to draw a sound map, which is a map of time difference of sound arrival on the two microphones.
Our previous studies have presented vehicle detection algorithms that analyze a sound map. However, the
detection algorithms highly fail to detect multiple vehicles simultaneously or sequentially passing in front of
the microphones. We therefore present SAVeD, a sequential acoustic vehicle detector. The SAVeD associates
vehicles with curves drawn on a sound map and sequentially detects vehicles while removing the curves
associated with the detected vehicles. Experimental evaluation on a two-lane road reveals that the SAVeD

successfully detected vehicles with an F-measure of 0.83.
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Fig. 1 Overview of acoustic vehicle detection system.
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Fig. 2 Microphone setup.

15 g : : —
1to f o® o
= o o,
S o5t oo § .
= kS oo
> o o oo
&
§ 0 &% R e
E LI
ER N
%7 o
-1 F °
g @
-1.5 2 -
30 35 40

Time ¢ [s]
3 Hu vy Tl
Fig. 3 Example of sound map.
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Fig. 4 Issues toward detection of vehicles simultaneously or

successively passing in front of microphones: (a) S-curve

separation and (b) Robustness to noise.
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Fig. 5 Key idea of the SAVeD. (a) SAVeD first detects preced-
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detected vehicle. (c) SAVeD keeps detection process for

the following vehicles.
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Fig. 7 Overview of RANSAC fitting.
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V=g VEEIEDPARFEERRTRTH 2089 ik
MW 27-00IEELRMT 2 EPEEL 2L, 207
9, KX TIIAEES L OBEAEROFFMES R L7z,

B g PERE & A I ISR S 5 72, DUFIZRT 32
DFATHRER B L 7.

(1) BXMH 2 (SAVeD)
AHERNE 3ECORLARELAXNTH 5. WM
BB EBETY Y Fvy T ETHE LD HERM
(ZHLM A A AT ) .

(2) et 770 (Non Removal)
ARHGRIE, BBERICHILT 20 Ex Sy F~y 7
FTHEETIZZOF ki Hm OB 2179 /7T
H5.

(3) A7 —F= ¥ kA (State Machine)
ARFGRIE, LB [11] TRLZZAT— PRI U R=2ZAD
TNTY XN ES T v F=y FIZEA L CHM 2B
THERAFXTH 5.

FEATHE & IR L7248 20 5 B CARE 178 (5 0 Bl 255
L7z, 3R 1S, @ E |2 56 % sdif, [R5 5 0 7
o B O AT RNR Y. sl E 72 Rl L7z
HOAFHE 95 A TH -7z, BT EFOREIE, v /170
T & VD EEN T B B A TR S A T Tl § % H
ML VI AT o 72, BEfEH 2 L OB 25 L
THBT 52 ENLWEIITHY, EAEELDHNDE
WHE O AERE I FIEERER TH L. kB,
HHE 72 AR V250 L 7 B O SE SR IS SCHK [11] & AR
[858 O Fi % 2 LA B O B 25858 L 72 Hilj ] Th b.
FEERH Il L 72 H i O EEIE BB & £ 25~50km/h T
HY, WP /N 7 P OB ANEE L7, 5|’ 2

1 O EBEEWEA (Al 24O 586 (Successive), [AlEE (Si-
multaneous) HEHL O HE
Table 1 Numbers of successive and simultaneous passing ve-

hicles among all passing vehicles.

Direction All | Successive  Simultaneous
Left to Right | 124 54 15
Right to Left 54 8 18

(2, B OEFT A, R S OB E IR,

4.2 EHEMRHMEEE
% 312, TP, FN, FP ORIE TN 60658 L 72k
JE, BB, FzZRT. £3 LVUTO4o0Z L%

MNh.

(1) BRI RO Ffliid 3 FAF TR KEV 083 T
H5. AFICLBINICBCTE TERDREND S

ZEhs [15],

AT EAZIFFSFEOREEE TH 2 #H T

&b w2, WEROAT— v R ELRTE
fiEix 10 R4 > PRl ESE S .
(2) BRI - e RO BB, 27—~
T HRUTHARTRIFIZR E Vv BRI - i
MR TIE RANSACICK 2714 v 74 v 7 &V
% Z L ClAE - #fi Calal§ % B 2 iR T & 2E4
WEIML7z7-0EEZLND.

(3) A7 = b~ Y ADOKEREIL 3 AP T b v 1.00
THb. Ar—bxvUyFRTRY Y Py 7RI
ZITER S S T — T BN 612 O B 5 K
ENDTDITENEEL o EZLNS,

(4) BRBH GO REEE (2B 7 3 e TRIF IR
E, BRI AATIEM L 72 B 120 e 3 5 mfE
MHEEIND 720, BEEEOBEMHZK G S Tl s
N5, T L, @il Tl >0 S Fh —
7 AR AR U TR HW & RS A 7o IR
PERTLZbDEEZLND.

MLEO#R» S, BRI (SAVeD) 12 & o TREFF

DAT— b2 HRICHRTFP oK% K& s

5 Z L% FN OREAKIBICHIH S L, S FETO

MM ZERTE L2 AL

EH O, FAE0.83 L\ )i b28EE BT 5 L v

® 2 R L O dE A5

Table 2 Number of passing vehicles for each vehicle type.

Direction

All | Biker Bus Truck Normal

Left to Right
Right to Left

124 7 15
54 17 10

0 32
2 25

& 3 HEMBHPERE ORISR

Table 3 Experiment results of vehicle detection performance.

SAVeD Non Removal State Machine
Left to  Right to Total | Left to Right to Total | Left to Right to Total
Right Left Right Left Right Left
TP 103 44 147 103 41 144 62 37 99
FN 21 10 31 13 34 62 17 79
FP 18 11 29 70 47 117 0 0 0
Precision 0.85 0.80 0.84 0.60 0.47 0.56 1.00 1.00 1.00
Recall 0.83 0.81 0.83 0.83 0.76 0.81 0.50 0.69 0.56
F-measure 0.84 0.81 0.83 0.69 0.58 0.66 0.67 0.81 0.71
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9 BRJIZIANT T SAVeD I3EMAMTH L LEZTWE, K
FLTIET ) r—va Y ERELTW RV, 1 ETH
R L7 sk e, SRR ORHER, VTV A A
BRESHIEZ ST TS TH L EEZTND, —
FT, AT7—=+ < v HRUICHRTFP AL w52
EWLFP LBV ENERE LT T ) r—a v
DOBEHITH L VEWR S,

4.3 TREBE%IEEE

SAVeD 28 & DREEDRHIFRETHm Z L TE 500
% EHli g A 728, M REGIRRA: 2 574 L 72, MR IR RR
(L FEB O EBER] & ¥ AT AR L 7 B 3 8 )
LDETHL. BN OFBEEROF AN A 707 + ~
OB OF &l L2 % t, AT LW L7z S
BELE ¢ &9 5 L, Bl ORS¢, 3UTO L
IICERIND.

g =1t —t; (8)

10 (2 EEZIEE 2 (Detection Time Error) @k &
FTTAERY . R, HORITENE R LR RRED
EME, PREZRLTWA, I, hREixZFhEhR
243 IV, 387 IVBTHY, MILFRIERZEDHIEIE
KKRTH 0.6 R TH o7, 4.1 Hi TR LAEMEET
T L AL OEMIZBB LZ 40km/h THBLTBY, ¥
A 707 % YHPRMETELIHR HIE BB L2 28T
L Cwe, BEEGEERHOBB L ZF 2L R TRE
WERETHMZMLTEE VR 5.

B O X ) IHEE O R CET 2T A 101
B @A E A E L 25 2 L5, BRI
FLLTHIASIVERWEZ RV, FEINL BT
MERT TV =T a Ik o TR ELETFHEENS T
O, TT)r—2ary LIl ERBEYFERTLH-OD
UERPLETHLEEZONDL. 2L 21E, 33HTRL

=l
on

20
|

Frequency
10
| |

w
o 4 = =
T T T T T T
-04 -02 0.0 0.2 0.4 0.6
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10 BHEFZEREOC A N 7T AL Ik, HOMIEENENFEIYE,
FREZRL TS

Fig. 10 Distribution of detection time error. Red and blue

lines indicate mean and median of the time error, re-

spectively.
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72RANSAC 74 v T4 770y 7IZBWTRKET 1 v
TAYTERAT) BEDURDPEZOND., BT A4 v T4
YT, 33HIOAT v T 4) THELNIZ S EH— T I
WIRTOFEACTETNVRICHE T 1 v 71 ¥ 7 %AT
J. LY, By ey TEO L DL L DEIZ—IK
LIZETNVENEET A2 Z EDSMREL 2 ), ML S %
HIR T & 5.

5. &

5.1 False Negative (BT 2 &5

31 [l @ False Negative # fifr L72& 24, Wb [H
W F 7 il B ORI L)Yy Yy Ky 7 ED S
FH—THRHHEE L > T THRETELZ VLD TH- 72,
11 2 False Negative 2354 L7z o ¥ N~ v 7Ofl %
R, HOFPFTIE, Bt =141.09[s] ICBWTE,LSLH
ANEEAS, Bt = 141.79 [s] ICBWTHD L LENNAD
WL TWAS, 209 NI S 7z p w3k
ENHhodz, EEEOMEBICL S STH — TIIHERLIC
CWHOFN & hoizbE20N0A, 2D X9 7% FN %l
W B0 Ry TZ20b 0D & T 2T L
THBABDOHEMPHFAET 2HE120 STh — T s
EHICUETLLENSHLLEDNS.

O &) IRPUTHIECHE, MBI KA TIHAEL
TW/z, 35 EI Tl ~_72 L HITFEFE L T b SAVeD IFH
TR EE DB % T B FeED S % 75, A CCREAM L 72
#PH, TbbilERICBWTEBLBBE L Z 25~
50km/h OB OEE DN G 2 72 B IR TE 2
o7z,

5.2 False Positive |(CB8 2 5%:m

29 [A] @ False Positive Z A L72L T A, W d K&
HRHEEGIRAEICREN T2 O Th -7z, K 12 12 False
Positive 2838 L7z » K~ v 708 %2R d. MOH
PHCIX, B%l ¢t = 504.15[s] IS/AED HAN/NA DS L
TWwa., LAL%EHS, SAVeD TIIHEH ¢ = 503.47 ],
t = 504.32[s] ® 2 A2 NENED B AT~ S 5 B % 1R

Lofpe—

e,
1.0} e,
g 05p
s
[} . s
3 0.0t ot
=)
=1
g 05 ‘
5 VT
n .
—~1.0p .
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e g a4 P
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Fig. 11 Example of sound map with false negative detection.
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Fig. 12 Example of sound map with false positive detection.

HLTwr.

%) t = 503.47 [s] ORI FOLEMO S 7h—7 %
B L7200 L HERITE 525, BIBIEZDSEE O M@
MHORELSTRIEL T, 31ETRLZZEBY SAVeD T
R L7z S FEA—TIdn s A affzt v F~vy 7L
POHMHELTH S EERETOBRMMIEZITS . [T L7
SN —TIIRIET 5 BB IR L STh — 71
LTWwaEELTwa7ed, ML KE CREEL Tw
BEAIINT 20D % b, CORE, 1 ER
HUZHEBZ2HBOME L, FP &k o/zbEZObNA, A
LTI (3) TRLALIICSFEI— TR L% ESE
FVEHRNTT 4 v T4 YT 2707205, SEH— T
G NCRBE T ARHREDE TN 2 H\WV b & TR R
EEHIRT A EREL Y, ZD LD K FP 2§l T
ErrEzZOHN5.

FPI3/NAD & 9 % KMELTH {584 L Twiz, KRRE
TREMETEOEELFAERTH L mEEROME, +
LbhbbHRA = R=AVPEVWOK 12 TRLAZEIHIZS
FH—=THR2O58L, FP 2wzt E2x6N5%.

6. FEEMZE

HEEN L Y Y IR BNTYHY Y Ky T ETH
e OHM 2575 L 225 d 53 A E, EE L OHA
LE#EHTIECREITOLEZAfTTDbR TR WL, KET
1, TIE TICHRE ST 2 BEEHR BT 12D W T
T5.

BAEV SN TW 2 BRI Y AT 40%, SR L IR
HIZ KRBT E 5 [16].

V=T AL VRN & HRIE S AT A
BRI M S M. BB O BRI S 27 4 Ll
T % 72 (3B H T ISR L iR & o % Bl T
PRHT A, BE - AT Y ADLDIIEEBEITEL
OB A FE L 7B THALEE L 2 b 7-0, EA - S
TAMDECE V) END L. T2, V=T34 N
Bt IR 20, TR & /NI H &
BT 572014 BDOE 2 BAT2LEDTH 5.
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JEHEE R ORI S A7 A0, L —HFRRbE, B
e, B, B AT % EORMMR & > 2 H v TH 2 f
Hd s, SNSOHEBKRE Y AT L IZREEYIC X - THERR
ENZHEICHBm 2B TE W0, HgH v %
i EFF MG OBNIEICRET ALENH L. &
CHOBEANIGE YR Z LRV T — LN THE
THiRZEE R EORENRELEE L, BetrEET 5
CRRE G AT R O E S & BT A B TR ELE 25 2
EBEA - ERIZX IS D, EE, —HRICEHS
NTWLBEEY 2R CEW A Y v ¥ OBAIZIES
BOBHZEST D ZEPMESINTNLS 17, 20720
EHAHSE L COTHEAMIT LR L, BRIHICET L
AFEHIKS A EDEETH .

PR B 2 A b R ATk E LT CCTV (Closed-
Circuit Television) % F\72E{EENTIC X 5 B H R
LIEINTVBHL], [2], [3], CCTV IEE T &
DA CTHHWEETH A, F 72, WGEIFENIZHED BT
EH AT ORBEAERHFEMEIRES CHBEICEEY 52
B72%, REME - RELHFT AL TS\ CCTV = H
WTEWIEA IR T 2 2 L IEREETH 5.

INSOFFF LT, EATE & AV 7B L
Bz o A PEmEBETEE LTE-ESNL RS, I
FCIL, A 27074 - TLARFBELTCI[H T Fvy
71 a2 L THM 2RI B T (18], [19], [20], [21]
PREENTWE, CNHEDFETIEIY Y Y Py 7%
EOL )T L THEmM 2B T 220 R SN TV
ZEms, X H51EDTW (Dynamic Time Warping) 12
L AHEMERER AT — MYy R W TV
TNV AL EMAT AL THMAZRHET 2 FEEHREL
72 [11], [12], [13].

L LA s, Zh b OB I3 G O 35
<A77 5 2O EITREIE @8 L7 a s
LTS5 L) MENDH L. T TORFRLHN T
Y v =y T RPN S Eh— T2 ETNVET
WM Z2IT->TBY, Py vy 7L 70y hige
SHBHE & OB E SN TRV, TD720, HEKED
HWOSFEN—TE2FNENEHTHILVHETH 5.
By Ry TR HNTICSESTORE S EHWTCHET %
BT 5 ik b il S Cw b8 [22], 23], BEESRAHAT
FEDRFE R LI X BB O 720 2B IS E O EBI AT
5.

7. BbVIC

KL T, KA MEmEL AT LTIA Y
07 4 v &7 BRI B L S A 7 4 SAVeD %
L7z, BHNCEEE L2 2 B0~ A 7 07 & VICHEEST
THELET LR A O ZLEZRTY Y v K~y T&H
&, YUYy T LEOEBEER L 2 XD SR HH
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T 5, MHRERE 70— PNy 7 L, MIEER I
IS AEEEY Y Y FYy 7 EPSHE L RS BRI
CH ML A /T ) & & CHEEO B & SRS TRt
B LRI v S AN Ol 1 HEE IS BT
SAVeD DFEFFFHII 2 1TV, F Al 0.83 &\ ) BWIEE CH
M Cc&bZ L 2R L.

e R owzeo—#ki, BT (JP15H05708,
JP17K19983, JP17TH01741) B & AL KFBRMEIZE
FricBUF53kE 70y = 7 MFgEOBI Cirbh /2.
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