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Evaluation of person re-identification method using multiple surveillance cameras

RO FET [E W At

AL EA? A FE

Shoki Sakaguchi Motoki Amagasaki Masato Kiyama Toshiaki Okamoto

1 FC®IC

JT4E,  Al(Artificial Intelligence) 717 D Z23H 72 FE 32 &
b, BERAH X7 ORFILSEOMIEZ TR, AW
M, BERD D>, AVBH L W o MG R R I X
LIEAMNEATWS. Hl 2, HRBEH Y Wo 2z A8
ZLLEFIHGHTE, AfZEYIcay ye— LT 5HE
TEMIELTWB. 20D &S RIGHTT 45 D MRfET
ERRFERERS.

IO Lk, SEPIERSLRWEES X ZHETH
— ¥z WO 2 EIMCIEEBE T o Tnd. Thid,
Person re-identification(MA N, AYIFRE) & FRIZH, rEmRK
ANIIZED R Z T W3, T o APIRE D % #H]
L, BERA X T OG5 NIIBE D X 5 1ITEhW=Dh
ZIEFEICIBINS 5 Z 2T, BEEP ANRE#ETICa Y b
0—l33 eI TVS.

AW T, EOEELIICHEE X T 2 AR
DERH X 5 BB ANYFEEEITS. HEOAY
FEDT =Xty M, ANVIDPEDIEFETH X FI1ch 3
PERHTHS. —7F, RHKLTIER L ZReEARI T — &
v ME, —ABIRBINLZEBI X ZE2FHLTH
5720, \VIDRICMZ X IR TH B, Fi=, &
TEZLEEPOIRE LA T, HE»rSRE LD
XIPFHET I VS REEH 2. — iR, \WFEE
X, X Zoffffae, \omE, MiZRoONOTFEE
OEHTHRENNEEZIGEND 5. FHic, AEBRTHA
T3, AT —Xty PBtr WS v B,
IS DOMENEFICHENS., 22T, Ll TiliR7fE
AT — Rty s ORMEICER L, FFEIBR Y 5 ABR
WIS BERRDOBNFICR B & X T2, KR T,
B INIHTEOMEDOHELMFT 2 dig, H
HEMOADNYIFE L, FREERE HABHREZEHL
T NIRIE R LB L, BIIMEORGE 1T S

ARIZLLTOERZ L 2. £F, 2 ZETCAYIREOH
By 22 - RIS EIRE IS L 22 BEE RO W THE
NT 5. 3ETIEARMATIER L ZERART -2y b
DOHEY | B OWTHRR S, 4 B TIEAREOEER
AT AIZOWTIHNG. 5 FETIEIHMISMr, BEY
AT ADFHHIZOWTIR S, HBEIC, 6 ETARDRE
T OWVWTHR S,

2 EEERRE

ARETE, ANWEEOBE L =M, RENERE
FALEBEEFLIZOWTHRRS., A\YREIE, B
BLEWEBDOHI XA Z12b=>T, BELEWAY (XL
T, Query) Z NV OREISIEMN I NIz BERT — X R— R
LT, Gallery) 25RO 2 2HNE LTWS. ik

T REARFRFBEE AR EEER  Graduate School of
Science and Technology, Kumamoto University

i BEARRFRZBLEHEIAIISER  Faculty of Advanced
Science and Technology, Kumamoto University

F, T4—T=a—I 0%y b U—2DLE T AE
HOFHEOHEIMC LD, \VRENKEZELEEDT
W3,
NYIRIEDEAN 7 Ta—F e LT, HENRHEE
Ho-DDEBEEEEFTABEITONS [1][2l. Zhs
FEXEETNVORRER M X 272012, BEETK
ZL OFEBRREIATWS. BEMO T Pu—F7T
X, "NvF~v—2775—%E€ v b Marketl1501[3] T 90%LL
Forankl BEL, BV RT3 —< Y ARERL T
5. L, ZhSDFETIX, SMHOBER X ORREIC
BIFE AT 2 Z e TERW.

ZOHBEICHET 3700, 22Rn, RRRIERCE
HUZEZED I TWS, st-RelD[4] T, #HifidH b
ANYIRIE Dbz, 22/, FERIESR 2 R R R
FICHRICHE T 28RN HER I EBRLTWVWS.
st-RelD Tk, 777 AFHEbPuI T4 v 7HEKE
L, SHERELE 22/, BENERSGOEST
MEEITHR > TWSE. T 52/, FERER % 6 /M
L7zET U, BITEIVD, YOXA4 IV THMLS
MPAMPBERNI EEFIHEE LTWS., LArLAEDNS, &
METHEHT2EART — 2Ly ME—AREICHEIH
J2HRTTHD., DD, RIS H X ZHBEEET L W
STehb, BITENEDXAL IV I THRAZ 2015
TW3 WIS HHRTAYIRIEETTS.

3 BEEXmT—4tv bk

RETIE, Fi7IlER LA T — 212y b OE
LRI OWTIRN G, T—& kv P DOIEERICIE, BE
BICHBEEINHEPIELZSLRVWK 1D A, B, CD3
BOERIXSRMEHTSE. KF—&Xty ME, RVF
<~ —27F—&% v b Marketl501 ZJCICHER L7=. T
FEETT /) T7—>aviET 5120 EREFREE AT
RETL72D, LLNMORTFIECTEEETERL 7.

%3, Multi Object Tracking D E 7 /L, ByteTrack[5] %
FHAL, &hX 7 TREINLZBET 2 I A\YDEHZ
175. 20, 30 7L —ABXIEHXA-ID L Z2h
RS L7 bbox ZUNEET 2. 2 ZTlX, BEFID OE
W, KRE O, B DG o BT EEGRENE F
NTWBD, FIEECTINSDEERZITS. KK
I, ZF =&ty MiZiX 283 D IDITHIET 3 9,621 K
D bbox BEFNTWS. ZHRZND bbox 121X, HI7H
DID, W Ihieh AT, mEgIhiz7 L -0, W
Mo TWVWBHANERE L THFEL, FHEERY A4 X1,
64, 128) ThH 3. £/, KF—Xtv MZiE, BIFD
KM D 5.

%3, FID OHITHEEBRIE, 3B8DHIX T THIR
HEANTWEETHS. k7, TNZROARXTIE, —
ABEICREBINTED, BFPHTEIFASB-C 20,
C—oB—oA DEFRICREINS. Thbb, ArSHEN
TEBITENB IR INT, CIIigInd Z ik

720,
Copyright © 2022 by
The Institute of Electronics, Information and Communication Engineers and
‘H:H' Information Processing Society of Japan All rights reserved.



FIT2022 (%5 21 EERBFRM I+ —35 L)

v (%) w -
) A_i <%
ik B Fim
B EPIER FE@IIN
S Mg
SRIAMED By ()
TR "EE % T T
R o)\ AL CI 35557 O st f
G il ™ £ =' pe
)H @'(wﬁigt/9 ) \,,ty BEE e i mhiES
-~ BXFM b @r“
- 6
fﬁ@ 1 @C TN FAHRAILR : B
Gyl e 19
ﬁeﬁffgﬁ’o = Y —ROGE § ]
= L AVN ] Ek::? HE ’4,.:?8‘“‘“““!“09““lnuuluulnnll‘b AU
: RITON At
wamn Fb—k
SREMN (FRIRFimE) Aﬂifﬂ

(@) B A T A

(b) A X Z B %

(©) A A Z CHfg

1: BEAIT — &t v MEREHRS X Z (6]

RIZ, 3BDIRX 7 ENENTHRE INHTEOM
EPRLUTVBIAIRXRTEBBDZ IR TIVEET Z2HTH
5. M1 OBERIXTEEDNS, ADHIRXTECDAR
7T, WP INIZPITEORENEL-TWVWED, B
DHARXTE CDHRXTTIEX, MEINDZFHITEDME
PETWS., DD, ADS COHFAIMADN S HITED
BE, B COHRX T TIRIEHD & HE X - Rk
L, ADHA S TRBIEZ-3E %D o #RE S - HE
TH35.

4 RESZATL

ARETIE, AAFUCBIT BIEES AT LJIZDOWTIER
5. 41 @HiTEAEROBMEIZOWTHANS. 42 HiT
WAL RID ET L e, BRI AT LIBITS 7 4
LRV TFEIZOWTIBR S,

41 HE

AREBTIE, AT — Xt v b THFE Uiz 17
5. ZOEE, COHRAF% Gallery TEEL, ALBOD
H X% Query & LT2HADRERE Zh KT 5.
ZIZTE, WMEIhLIBITEOMAMEDOME LR T 5.
F7z, HEBROAZHEHLLGE, HEEHRICMZ,
Rl A L2356, HEERe REBRICNZ,
JTHEREFEH LG50 3 > THER2 2 ey
5. Z0D, KEIE#RIE, Train 7 — X2 561850760
FHEREMHL, 740XV INEEITS. F2, F
AERE, T2y VHNIREENZ IV EFHAT
5. ZITIX, RAF—Xtvy MBI 2RREIERS T A
IBIROEEIC DN TS 3.

42 AYIEIE

KEFTIX, AEBRTHEHLZRID EF LY, 741
R ¥ IFRICOWTHIAT 3.

421 MGN[7]

AWFZE T, RelD £ 7L ¥ LT MGN(Multiple Gran-
ularity Network) 5 %. MGN I, KIRH 2 R#EE
WD D1 2oD%y bV —2 L BT FFMERE
DIDD2ODIXY NI =I5B T 4 —T %y b
V=07 —F%77F ¥ TRIFINTVWE. BB, 2v
bU =2 DNy 7 ER—IZ1%, ImageNet[8] THFTFY
L 7= ResNet-50[9] Z{#H 3 2. mEMLHIT LT, X
AR & RFTIRHE O 5 DIEMZ A X E 72 2048
RIEOFHEZTS 5. F72, Query & Gallery N D [
EOHIIIE, a4 VEMERHWS. REBRTI,
Query & Gallery NOETOBEBIIH L, a4 M
Eczxarzbl, EfsKEMHT 3.

422 TA4NRIVIFE

ARFEERTIE, BHRAR Gallery B2 SRS 272912,
REERE FABRIS 7 4 VR Y ¥ T ELTS.
7 4 NRY V74T S ROV T Train 7 — &
P HE MR EHRE V5.

9, AEERCMZ, REEREEHT 25813,
HatBmroBon7L—ABRTZ 44L& Y ¥ 24
HE2ITS. ZIZT, Query DHTEDIREINZT7 L —
L% Q;, Gallery NOBTE R I N7 L — LK
G ERLEEE, n1<0,-G |ty DFRHFTT 40
) ¥ TN ELTS.

iz, HAEERe REAERICMZ, FANEREHE
3258 HFABRI—-BLTVWEILE DD
T 4R Y T EITS . Query DT AERE Quir,

Copyright © 2022 by

Information Processing Society of Japan All rights reserved.

The Institute of Electronics, Information and Communication Engineers and



FIT2022 (%5 21 EERBFRM I+ —35 L)

K1 7—Xty MIE

EL

ID camA(®) camB(H) camCHQ)

2022 4%E 5 A 19 H (K)13: 00 ~ 14 : 00
202246 H 3 H (%)13:00~ 14 :00

Train
Test

162
121

2240
1481

1759
1176

1925
1040

Gallery WD ST EDPIRE I N HFABRE Gar & F
L7z %, Quir=Gair DEHETT7 4 VE2) VT HZ
175, £/, HABRIEG X o/t & ORFREIHRIE,
<0, -G, <t3, DL, 11 <G, -0Q; <ty DFMHT
T4 NRY T ELTS.

5 FHif

ARETIX4BETHHALZRRS A7 2058 v HHE
S BT B e ERIC O W TR B, 5.1 HTIE,
FHMIEE, F—&t v hRRTA—RIZODWVWTIBRN .
52 HiTlX, 5.1 BTN TEIHMEZITY, 53 HiT
i, BRERNS.,

5.1 FHEslF

51.1 FH@EER

ARWFZETlX, Cumulative Matching Characteristics(LL T,
CMO)[10] & mean Average Precision(.\ N, mAP)[3] % fiff
A3 3. CMC-k(BLF, rank-k)[10] &, Gallery P2 & 4%
RENAERD Bk ALICE LW ID DA A EREE
F. rank-k ¥, MBINTAMERO LA k NOAEERT
L2728, %27 VI3 LT Gallery NOIEFEID A5 1 DL
PEELRWEEICENTH S, LirL, KL H X
I3y N7 =2 T, Gallery NMICIXBEEEREBD 7 Z >
Frwl—2E&FhTED, CMCIZETLVOMRER
SERICKMET 2 Z 23 TER.

9 —DODIETH 5 mAP I, Gallery WIZIEfE ID
PEBGFET 255 T TV OFEMW 2 HEE % HE
T3, ZHEDLDHLHEEBEMRRTELFEbhTW?
BIETH 2. % Query IZDWT, Average Precision(B R,
AP)[3] ZFHE L, £ TD Query D AP OFIMH, Fixb
%, mAP 2EMHET 3.

512 F—&tvk

PR REARI T — Xty FDBRICOWVT, £ 1ITR
3. Train 7—&X & LT, 202245 H 19 H (K) D 13:00
51400 DT =X 2R L. 2556121, 162D ID
WICRHRT % 5,924 #LD bbox MWEENT WS, Tz, Test
FT—XR LT, 202246 H 3 H (&) D 13:00 205 14:00
DF—=REMFERHLEZ. 2HB5121E, 121 D ID G T
% 3,697 LD bbox DEEFNTWV 3.

51.3 #EHER

X 212, Train 77— & 162 %57 DH X I3 £T
D7 L —r[RERT. Ih&kD, 740X ¥ IE
2175 7 L —LfREZ A-CHETIE, 1 % 6,00012, 1%
34,000 7 L — LICEEL, B-CRITIE, 1 % 4,00012, 1o
% 30,000 7 L — AIZHRELT-.

F7z, Train 7 —XIZE, C56 ADHAKAD»D 67
By, ADSCOFMIZAND 905 UHRFEET L. Zh
ZHRT, ACRIOA X FRIICHZ £ TD 7 L —LlEiE%E
X312, B-CEDAX FHEICHZ ETD 7 L —LolEiE%E
K4mRT. L&D, ChdADHAZADSHITE K
Dd, A5 COFMIZADNIPITEDHPENT L —
LR THATED, DHOBRAENC LR TE

2999999899998 99909888 993388
oooooooooooooooooo
HHHHHHHHHHHHHHHHHH

=——B-Ci] ———A-CR

X 2: 7L — MR

IS g2goQgog9QeQgc 990009909090
wwwwwwwwwwwwwwwwww
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

TL—L#

e A0 C e C t0 A

X 3: A-CREDHFAICL 2 7 L — LRFREDEND

T3 84V
45
40
35
30
225
& 20
<15
10
0
O§§§§88888888888888888888
388855585588585585888885
NTeegiIdlRAILIRSIRRSITIS?
TL—LE

e B 10 C e C t0 B

X 4: B-CRDAFAICEL S 7L — AMBOEN

5. ZHUE, ADHAIE, KTFEBHD, ADSLCOD
FHHEICHED 5 BTHERIRTHEZBOLLKEDD, RETS
ABZWN, —HT, CH5ADHAIZED D HBITHE,
IO LRTFEEBHL IS 2 LTWBEHTENLL,
WEEOBRPTIUBILE > TRFEERALY, EERYE
ThoTWd., ZOZEBZENETNTENEFATVS
HRTH2EZLNG. 2T, HAHRE REREER
ZHAGDLE B, FAZLIZZ a2 ) v 7L
HETOREMEBEEELZ. ACHICBWT, COX
A > TWBEEX, 1 % 6,00012, 1 % 26,000 7
L—AIZREL, ADHARZAL>TWAEEE, n %
8,000 12, 1o & 34,000 7L — AIWCERE L. %72, B-C
BICBWT, COFAICAD > TWAEEE, 1 % 4,000
12, ty % 20,000 7 L —LIZEREL, A DHTAIZMED T
WAIBEE, 1 % 8,00012, o % 34,000 7 L — AITRE
L7.

Copyright © 2022 by
The Institute of Electronics, Information and Communication Engineers and
Information Processing Society of Japan All rights reserved.



FIT2022 (%5 21 EERBFRM I+ —35 L)

R 2: fER (Query:A, Gallery:C)
mAP | rank-1 | rank-5
LR 553 | 63.0 | 74.2
TR IB R+ RF B R 64.8 | 70.7 | 808
BRI TG+ 7 A 1E | 79.6 | 829 | 89.0
& 3: fER (Query:B, Gallery:C)
mAP | rank-1 | rank-5
ML 80.1 | 90.4 | 96.9
TR IB R+ RF B R 862 | 946 | 982
B GAR+IRF R TG e+ 77 A1 | 93.2 | 97.6 | 99.1
5.2 FHEHER

F21Z, Query T ADH A F, Gallery 2 CDH R
DB, R332, Query ® BDAH AT, Gallery % C DA
XTDGEEDOMRERT. TNZNHEBROADE
FrHERL T, FEERe 7AERZEHAL T 4
2 ¥ T ELTIR o e B DT HBREED V. T,
B INBITEDME U T VS B X F (Query:A,
Gallery:C) & %72 % 7 X Z (Query:B, Gallery:C) THEEIZ
RELIEMPRONT.

53 EZE

H 3 Query \IZxf L, HEIFROADEZE L, KEIGHR
CIAEREEH LT 4 VR Y ¥ VI RT3
BOEBRERIZOVWTRRS. HEBROATITR 72
BEOEBERER 5 IRT. T, HEBRIREREISE
WMCTIT R 7HEOEBRERER 6 1R L, HEEH
R RESR+ T AR TIT R > B8 ORISR ZX 712
R

Xs5rXe6 kb, FEREREFEHRT2 22T, EHEK
#EZ 53 Gallery NOBITEHEESREHIFRL, SR
KRS 2B TETWS. £, HENREERD
RelD E7 WX, o2 AWTSH, A\PWomEHHELE
B, A—A\Td s Hls2EmcHs. LrL,
HABHREFENT 22T, BRoLAZDHATHT
HRERA LS 2 X7, Thbb, \IomE, -
RONDHEETHEBEROATORELRNEELRIGET
b, REEEHR e FABREER T2 Z e B AMRED)
Jeis.

6 f&am

KT, BEAMT — &ty M RHZIERL, &
AN BTEOMZTOMELMEIT 2 b, HE
TEHDADNPFRE ., FERERTAEHR 2 EH L7
ANVEE R L, B3MEOMEEE1T o 72, famld AT
DHFEHTH 5.

L. —ABEIZBWCHHEERE TAERZERA L7 4
NERY Y TP HTH S, RERTE, 7—X
v ORI | K B WHITH o 728, B
PRIIRWEY, ATFRIMRZHRET L L
BTEEINS.

2. BITEEWMETIMENBEICKRERBEL G2
5. HEMRMRETE, HTEOMEERRELE
BLULTLESMHEANCH S, HFABREHFEH L7 4
AR YN, TS RERT 2 AR TFE

(1]

(2]

(3]

[4]

(3]

(6]
(71

(8]

[91

T
7: BARE G AR+ IR R 5 -+ 77 T R

ThH5. AP TIE, HAHREBHOEHRE LT
Wo7=03, JiH% HEIICHREIT 2 2 L S HBOH
Br LTINS,

BEHR

Yifan Sun, Liang Zheng, Yi Yang, Qi Tian, and Shengjin Wang,
“Beyond part models: Person retrieval with refined part pooling,”
Proc. of ECCV, pages 480-496, 2018.

Kaiyang Zhou, Yongxin Yang, Andrea Cavallaro, and Tao Xiang,
“Omni-scale feature learning for person re-identification,” Proc.
of ICCV, pages 3702-3712, 2019.

Liang Zheng, Liyue Shen, Lu Tian, Shengjin Wang, Jingdong
Wang, and Qi Tian, “Scalable Person Re-identification: A Bench-
mark,” Proc. of ICCV, pages 1116-1124, 2015.

Guangcong Wang, Jianhuang Lai, Peigen Huang, and Xiaohua
Xie, “Spatial-temporal person re-identification,” Proc. of AAAL,
pages8933-8940, 2019.

Yifu Zhang, Peize Sun, Yi Jiang, Dongdong Yu, Zehuan Yuan,
Ping Luo, Wenyu Liu, and Xinggang Wang, “Bytetrack: Multi-
object tracking by associating every detection box,” arXiv preprint
arXiv:2110.06864, 2021.

HEARIR [ 2SN | https://castle.kumamoto-guide.jp/info/
Guanshuo Wang, Yufeng Yuan, Xiong Chen, Jiwei Li, and Xi
Zhou, “Learning discriminative features with multiple granular-
ities for person re-identification,” Proc. of MM, pages 274282,
2018.

Jia Deng, Wei Dong, Richard Socher, Li-Jia Li, Kai Li, and Li
Fei-Fei, “Imagenet: A large-scale hierarchical image database,”
Proc. of CVPR, pages 248-255, 2009.

Kaiming He, Xiangyu Zhang, Shaoging Ren, and Jian Sun, “Deep
residual learning for image recognition,” Proc. of CVPR, pages
770-778, 2016.

[10] Xiaogang Wang, Gianfranco Doretto, Thomas Sebastian, Jens

Rittscher, and Peter Tu, “Shape and appearance context model-
ing,” Proc. of ICCV, pages 1-8, 2007.

Copyright © 2022 by
The Institute of Electronics, Information and Communication Engineers and
Information Processing Society of Japan All rights reserved.



