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Abstract: In recent years, with the improvement of image recognition technology, traffic surveys are ex-
pected to be accurate by systems using MOT (Multi-Object Tracking). The most common method used
in MOT-based traffic surveys is to set a counter line to measure the number of vehicles passing through
a tracked object by determining the number of intersections. However, at present, there is no function to
support the setting of the counter line, and repeated trial and error is required to make the optimum setting.
This increases the cost of measurement and may lead to variations in measurement accuracy depending on
the person who sets up the system. This task is complicated in complex scenes such as intersections, where
multiple counter lines must be optimized simultaneously. Therefore, in this research, by automating a part of
the counter line setting work by the search algorithm, the dependence and burden on the setter are reduced,
and the practicality of the target tool is improved. To evaluate the practicality of the proposed method, two
tracking methods, node-moving-things-tracker, and DeepSORT, were used to track videos of two intersec-
tions in Kanazawa City, and a comparison was made between the manual settings and the settings using the
proposed method.
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Fig. 2 GUI screen of OpenDataCam [21].
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Fig. 1 Process flow in case of detection leakage in V-IOU. Ref. [18] Figure 1.
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Fig. 3 Step-by-step counting process for OpenDataCam.
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Fig. 4 Images of targeted intersections.
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Fig. 5 Tracking results.
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Fig. 6 Total traffic volume at each intersection.
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Fig. 7 Flowchart of the proposed method.
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Fig. 8 Unnecessary tracking results.
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Fig. 9 Clustering of tracking results.

HLIEDLELRD, 7 TAYY) ¥ TITERTLEEOHR
DERERAMBEEZSEL, MIET2H 7085 —514 2 05%
MTELL9 7725 id 280 Rot 7925 id Tk
WESTENL N Ty F Uy IRRER 9 1IRT.

4.4 BRTZHILE2—F1DINTA—4
WRETFETIER, 7707 —94 VI3HSTELR CEBT
RET A, HMOWE, BRTLH/87 A—F TP LEEE
HED2OTHLDITH L, WoO%E, EIRJEETIES
Y =T34 DR ERES HLEPH Y, £ OHMD
FRENHE L, BUBERTIIERT 2857 A — ¥ Fhsuls
JEE, X, MODESDIDIIRDLN, WOEDOEIEE
BLTHHEMOBELLEHELTH Y >+ TE&BHEBDHED
FTAHRET TR ED A ) v MIwizw, T A—=FHD
Vo VEHBTOA Y v N ERE L A, BEREH S LT
JEREE 7 S A% ) ¥ FENT ) T OEOHD LR 24T
v, EREOME X1 0°~180° & L7,

4.5 Hr bO—FENIE

OpenDataCam CTOD % 77 > MLBLIX 2.2.2 THTHH L 72
L VNTBRINAT) 7280, 1Bz Dh 7> MZrrb
BHPEL RA2DOTEL AT =94 v &5 EETE
BN TH D, 22T, MEFETIE N T v F 0 7
EPELNTHE, —HETOA Y v ML A FER 7.
By b O—FERIRIZOWTHE 10 ZHWTHIT 5.
I, RELLI T =54 % L2200 (A,
B) IZ4ET 5. KRIZ, TNENOMEKICE TN LED
FT o F Uy IREROIAANB) 2Kk b, Wy —541
YEBEBLTVWRIZZFOIdIZELSDHEBIZOETENT
WAIETHOT, B idofEEEry v Nk TA.

4.6 INT X —2DOEFEIE
BABINCBT BT 5= 4> DH > NEDHMN
DAY Y MRE—HTH L) BREET VT L —FIT&
DIEFRTHER 11 OAMIZH % 2 KOO & 9 ITHRT
WA Y b ET) L) BRBIEFELTLEH R

© 2023 Information Processing Society of Japan

id:1

ANnB={1,3}

10 v oL
Fig. 10 Batch processing of counts.

11 R#E Aoy —54 2 0f)

Fig. 11 Examples of improper counter lines.
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Fig. 12 Example of a counter line counting out-of-scope areas.

nhdH 5.

CDE) BRI OERE T T DI T —F4
UHIAREY 2 HEH AR 12 # HWCEHT A, K12 Tl
TIGATAENRETENTI I —FA Y AET TR
CEXNRET AT VI —FTA Y CHBEESINTBY, &
I E =T A CIEINGHND I TAY BOFEE TH Y
YhLTWS, ZOLEKRITASIIETHid L 22T,
BHT =TG4 DT RS 20— LTwA, L
"L, ATy =4y THRMENHED A2 L 3T
HobizHd, 7IAZ ANS COEEEMAL TV DI IL
2R EHESNTLE Y, ERICEBL TWI2EHEIE—

516



BERIEF =R EE Vol.64 No.2 511-520 (Feb. 2023)

FLAw, 20XHI1C, FAROZEBL TWEEEE —
HET2L9% 0008 —54 D3 EHIIVLHLTHTE
TLEH 70, JghomEEE T L TLE D &I
MDAy Y M T BEIEE %Y 2 MO Th G\
AHY)TH 5.
ZOROREFETIREL AT I =T DINT
A—F O¥EE 2BERETIT) . 1 EBHCEIAEY 2 H Y
YE—=IA BN, @YY Y — T4 L DERD
BEXIT) . 2BEHCIIBEMOR»r o RkdEL Y v ¥ —
T4V OMETEIERT A,
4.6.1 BWYEHILE2—F1 > DERDETE

43 WiTIT o727 F A8 ) v ViR EZHWHERT & 12h
T YE =T YOBEERT) . SMERT VT XLD
T Lt —FEAWTREZE L. 7T LY —F
FEE =)V I =< LK S TICIBFIME % FE o THREZRATTEE
BHHATH L7720, EINT A= FHEINT A= 5 )L
0 ) BEEFDSBREN AL, AW LR
Thb. MOTT v 7Ky 7 AREETFEC RN T LV
T R LR R b7 ED3H B DSNGAT SRR C & 7
WZERHER T 4 — NNy 7 BB e 5 720 % BT
B, SOORMBETRERT NI A—FHF2M@ED%
<, By FOFATREB IR W20 T v ¥ At —TF
=R L7z

W h =4 X OFERE LTI OEE
Y b, WREBLEHTOAT Y NVEFRKE LD
LBy =T A VORELHRET. AT MR
NASFHIKE EE O EAL O E N R R 2 5720 THDH. =
DEILRNT VI =T VORBRERIETIZD, vy —
40X (1) TEMT 5. 22T, Cr 3ROy 7
TOHY Y MET Co IR GHDZ) TTDAY ¥ MET
HH. RO TOH 7 v MR L, WRILOFHI
Eh v NLBWEd Ry vy — T4 L OFHETRE B,
DPELEWEE L 57-0, ZOMHITKEI VD DOH S EH &
LTHHT A, B 13 ISRHIRIEIC L 27 vy =T 4 &~
DFHM OB % 7R,

Ey=Cp—Co (1)

5 LY —F ORER, 1,000 0113 SRR AT o 72
TR EDOEATEFT B & % DR EDVE BNy — V156
oo BEERERICET vy AL b ) o0, HENKE
% AMED B 2 ETRBOREPHONL &9, 4%
FEI T2 5 AEER R 4T -7z, T/, FHEBUCB W TEE
R DB 10 /8% — > 2 Efi & LT L 72,

4.6.2 BRAMEBRETOH I 2—F14 > DiElt

4.6.1 HTHYERLZKHEBETOA Y > ¥ —F 4 > OFEH
MPORMR T 7 =54 DA ER472 ) THEERT
L. HHEBOBEHIS 1DTOh T v F —TF 4 v @R
L, #NEhDAT 5 =54 VETomBEHRE b LI

© 2023 Information Processing Society of Japan

NoIVBE—F4 VA
AV - Sl
O

9 5248

hov3—342C
Hhow b 2-1=1

138 #v>5—514>0n% Y MIDFEH

Fig. 13 Calculation of counter line counts.
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BT R &R O AR 7 M Vo a4 CERE
oTHBY, NIELLDEEEZITAPRET L7200
INAIN=INTG A —=HFThHh.

TAPMBREE = Axdl — (1—X)*d2 (3)

FATHETIE NI ATICHEDH LY A7 TN 0DF
WEENTWEDRIETIEA A FHEIEELTNT v
FUTRITIZD, VI UFUTIADA LN EM
L, REMICEE 0.2 ICFE L7,

SRIOBRE T TORETT e 77 A2 BifE S & THE
ATHEI &2 FHI L 72,

e PC: MacBook Pro (13-inch, 2018, Four Thunderbolt

3 Ports)

e OS: macOS Big Sur 11.6.5
e CPU: 2.7GHz 7 7 v K27 Intel Core i7
e A E :16GB 2133MHz LPDDR3

REFEOEEZRTOICA3EHIZHL T v
THRRD I FGAE )V TICHWIER e vy —F4
VIHE LB OFHIKE B & DR 4T . T2, FERN
IS A7 ONTACL AT v =54 L Oi%EE DF
TR DL Z AT -7z, W7 =%ty b & RICHERE &
L THEM T OEMBEROREERA S 585 1 N LR %
WEEE 4 NIZFENEFN S BT oD v =T 4 VO EE
fToTbHWw, ZORTRbEPoT2DbDEHRMALL. 4
OOEFTIIHE2 LE3IIBFLAFIZI AR EVE
EEAERLZDIRFEIZLLZLDT, FBEETH- TLi
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® 1 RETEOFATI
Table 1 Execution time of the proposed method.

R, FEATIRE[H]
JERNE E (T F48%) | 4045
IR (i) 299.6's

*® 2 WIEEREO L (node-moving-things-tracker)
Table 2 Comparison of verification results (node-moving-

things-tracker).

AL, ANFE CF) | AF (s | I—EFE | B
FeoNmEE | 84.5% 91% 91% 87.3%
IR 79.2% 80% 81% 81%

* 3 MIEEROILE (DeepSORT)
Table 3 Comparison of verification results (DeepSORT).

R AT CEYy) | AT Ogm) | IRETE | B
SN | 86% 88% 92% 87.6%
LR 73.2% 79% 79% 79%

WEAT Y =T Y DREFESHTELEVEVRS.

5.3 EERER

¥, REFEVELERICBIAREL T V¥ —F
A4 VORI Do 2R 1IRT. 200K #EET
HRBEMICKERENHTVEDIE, RETLII T V¥ —
FTAYDORBD IR J2HBETH TV 7 —F4 2 OMEED
INF = VEHL0 D 3FND 10 D 4 FIIHZ 727D TH
b, NFIZEAI T V=T34 VOFRETIES 87— D
NI E =54V EFZRETHDIZH 305 5 5 DR
MWDo THBY, FEEEFEEROIL TIXIR & 725 M T et
BEREINCT H7-OMELG I EETOIIRETH L. RETF
B3AYT 28— 4 v OREOFATH 05 L E H
BT 5 & & DIERICh A LR % KIEICHIR T 5 2 &
MNTE, BPENREMTETITREZ L) e nrol:
RIZ, VT IRV TFPERITOZENEFNDOLETT LD
vy =T34 OFHIBEOBH R YT 2 LT3 T
RY. by FR T FEREE L ZBEOFHIEE IO W T
EREDR BN EDHh D, T, TEATEDAFICL
LEELIREFHRICL AR ET T2 LT ICBWT
DIMETERNAFICL ARG L HE, b LIEEn%r LA
LR ol T, BRMEAT VY =T 4 VITHRE
L7z2 2h, $EAEERERICB W TCIIRETE L kL
THEEOEALA R SNz, THIEHRE LR o RHE I
DMK BT AHEATE TN TV AT, ERELY KX
CFT2ENTECOGAETHRETHRRILVEY RS Y
V=T VEBRETELI Do T,

KL TIIEEEDEALNC L RTOA Y oy —F 4 >~
RRETH LV B MERET I vy — T4
ORBELRAT o 7. FNE BRSO X9 7 I HAG
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BAREETIE, W8 =94 %5 T ETI%
FOREZRT MR TELLOEREVZ DL, —TF
T, IEWEA T TIE 80%HIfR L 2o TH Y, FHLIZH
JCIERRED TR > T 5. FHIKEEASEAL L 722/ & LT
i, FEBITOAY Y P ERTIBICAT Yy =54 VT
Moo xRN TLE) ZEVHIToND. FFITA
WA TIINA L EORBBEOHEMICENLTLE VA Y
E =T A v ESGE L WLE D S B R O H 3B N
BE Voo BN SR L 72720 I ETHIRE FE A <
LoTwiz, ZOXIBEE, X0 A7 Y FoMELY R
BIzOIRBTLIAT YT =T34 Y ORREHERLT L Vo
722 eDEZONLD, TIIREFED T X FHHEINT
bR, WET DI AT OME R E ORI T
5720 ORI T 5D LV, 2 THHEZD
BEE L TRETTEYNTL F > 2HLEOE TR BE T
MOHEEEIT) T & TEHIKEE 2 E L T & 72w,

6. F&&b

KREFFETIE, MOT V72 REEHAEIc BT 207~
¥ =74 OFREEEO—HOABLZEB L2, REF
BECRATICEV I vy —F A VR ET AT 25
RIS, T A —FTRERETVELY TIZBNT
WA 2 =T 4 Y DBEMOEEZIT, TR O OHE
BT THEOAT T ¥ MEAFEHE I i b LA & BRI
L7z, EFLEOPHELZRT72OERTTND 2 HFTOZRL
7= TR L 728 % X} % 12 node-moving-things-tracker
& DeepSORT D 22D b T v F ¥ FFETHMID N T v
F U TRV, FHIEEOEYTo 72, $72, AFICX
AT LI =T Y OFEE 5 NIENEN 5 HT 275
THHW, —FEAPSTRERERAL, REFLELOIK
1oz, FOME, WINOLEFIIBWTH AFETO
HED FORENSH D 2 & 2R L7,

LSHOMBLE LT, BT Y7 —F4 » O%EHHAD
HEXANF T o T30 HELOFHANELEN
L. T, AENIENES I HHTEL7 v L —T
ERH L7225, LD ERFEEMER LG a 00
HRFH O WBIGEEEZ 1T > TW L LEDH L. S 512, HIK
T2 IO AENT LT E TBH T, MHIFEHIIC
BUALEMRT— 7 TOFMICE LT oTwb 20, EHEN
HTOFMEIT) & & DI, B bAENPHMT TED
LE, KEOZBDERNICE 2 5 HEIZOWTHHREEL
TWE 7z,

SENH

1]  —MsglEREAIc OV T, AT (http://www.mlit.go.jp/
road/census/h22-1/data/kasyorep.pdf) (% i 2021-11-
18).

(2] PR 27 AREE SENER - HEIGEN S — s E
FEHEROMZZDOWT, AT (https://www.mlit.go.jp/

© 2023 Information Processing Society of Japan

3]

[4]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

common/001187536.pdf) (28 2021-11-18).

A 2 AR AT ERERS - R SCETE SR D IOV T,
ATFSE (http://wwwl.mlit.go.jp/road/ir/ir-council /ict /
pdf04/01.pdf) (ZF 2021-11-18).

OpenDataCam 3.0.2 — An open source tool to quantify
the world (GitHub), available from (https://github.com/
opendatacam/opendatacam) (accessed 2021-11-24).
node-moving-things-tracker (GitHub), available from
(https://github.com/opendatacam/node-moving-
things-tracker) (accessed 2021-11-24).

Yolovs + Deep Sort with PyTorch (GitHub), available
from (https://github.com/mikel-brostrom/Yolov5_
DeepSort_Pytorch) (accessed 2022-03-28).

Scorer Traffic Counte, available from (https://www.
scorer.jp/products/scorer-traffic-counter) (accessed
2021-11-24).

MUY — A&V 7 b7 27 Ea—1)—=¥— AF5k
(https:/ /www.kotsu-chosa.com /vr-site/vr-top.html) (£
1 2021-11-24) .

fiiH & < B CEATEAHT, AT5E (https://www.chess-
inc.com/odpt/) (ZH 2021-11-24).

Zhang, Y., Wang, C., Wang, X., Zeng, W. and Liu,
W.: FairMOT: On the Fairness of Detection and Re-
identification in Multiple Object Tracking, Int. J. Com-
put., Vision 129, 11 (2021).

Chu, P., Wang, J., You, Q., Ling, H. and Liu, Z.:
TransMOT: Spatial-Temporal Graph Transformer for
Multiple Object Tracking, ArXiv, abs/2104.00194 (ac-
cessed 2021-11-24).

Alexey, B., Chien-Yao, W. and Hong-yuan, L.: YOLOv4:
Optimal Speed and Accuracy of Object Detection, avail-
able from (https://arxiv.org/abs/2004.10934) (accessed
2021-11-24).

Bewley, A., Ge, Z., Ott, L., Ramos, F. and Upcroft,
B.: Simple online and realtime tracking, 2016 IEEE
International Conference on Image Processing (ICIP)
(2016).

Wojke, N., Bewley, A. and Paulus, D.: Simple online
and realtime tracking with a deep association metric,
2017 IEEE International Conference on Image Process-
ing (ICIP) (2017).

Dulbadrakh, T., #AHEA, dLEKE:, FEAS 58 0 YOLO
KOS MOT % v 7 R R 2l il A o HE Lo 720 0
Whoe, ML 83 M4 E RS, 7Q-07, THHLIES:
£ (2021).

Jetson Nano %% ¥ v b, ATFIE (https://www.nvidia.
com/ja-jp/autonomous-machines/embedded-systems/
jetson-nano/education-projects/) (i 2021-11-24).
Bochinski, E., Eiselein, V. and Sikora, T.: High-Speed
tracking-by-detection without using image information,
2017 14th IEEFE International Conference on Advanced
Video and Signal Based Surveillance (AVSS) (2017).
Bochinski, E., Senst, T. and Sikora, T.: Extending
IOU Based Multi-Object Tracking by Visual Informa-
tion, 2018 15th IEEE International Conference on Ad-
vanced Video and Signal Based Surveillance (AVSS)
(2018).

Yang, H., Zhang, Y., Zhang, Y., Meng, H., Li, S. and
Dai, X.: A Fast Vehicle Counting and Traffic Volume
Estimation Method Based on Convolutional Neural Net-
work, IEEE Access, Vol.9, pp.150522-150531 (2021).
Andres, O. and Felipe, T.: Countor: Count With-
out Bells and Whistles, Proc. IEEE/CVF Conference
on Computer Vision and Pattern Recognition (CVPR)
Workshops (2020).

519



BERIEF =R EE Vol.64 No.2 511-520 (Feb. 2023)

[21] OpenDataCam 2.0 - User Interface Walkthrough, avail-
able from (https://vimeo.com/346340651) (accessed
2021-11-25).

Bl B (FERR)

2022 FaIRLERF LEHER LS
RREZE, BUE, SIRTERF KA L
FRFFERH R R L B i AR A
RT3 alb—va VIZET A

Wr7EIZfEs.

hE BE  (PEsR)

2022 IR THERF TAE R LY
Braege, BUE, SIRTERFERFRT
FRF ARG R L g A AR A
. B X LB G RR I RT
HIFFEI .

FRE  (ERH)

1993 4G IR LHERF R 7B Lfse
FHER LA BB LR s 7. W
£ () & LErgepT At 1996 4F-4:
IRTERFEIZE R Y, BEICES.
it (L5). BfSH AT A, B
KT 47 X, fFHRIIIEET 207812
PEF. 2016 SEIEBILE S TR EZE. BTH
554, IEEE £%H.

a8 R

1993 LB KR B LA se il
P AU T, 4R H A Bh LR
K&t AtL, BEMIERTIcTZ U
. M B 2 PR 5 e, 2otk
' BAEREmHEEHT L LIFRE LD
BRI EA B 7 u Y = 7 M
5. 2016 dEAR T3ERFHEZ. HL (T47), HARREMW
4y, HENHLEGN S, SAE £4H.

© 2023 Information Processing Society of Japan 520



