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TOM TAT

Tdi nhdn dang nhéan vt la bai toan tim kiém cdac doi twong da di chuyén qua cdc camera
khac nhau. Trong bai bdo nay, ching téi danh gia thuc nghiém trén bo dir liéu lon Airport,
DukeMTMC4RelD duwgc cong bé gan ddy bang cdc phirong phdp riit trich dic trung ELF, gBiCov,
LOMO, WHOS. Két qua cho thdy ddc trung gBiCov ¢6 nAUC 54,42% (Airport), 40,61%
(DukeMTMC4RelD) cao hon cac dac trung khac.

Tir khoa: tai nhan dang nhan vat, hé théng giam sat.
ABSTRACT

Empirical evaluation of feature representation methods for Person reidentification

Person re-identification is a practical task matching people moving across cameras. In this
paper, we evaluated performance of various person re-identification approaches on recently
published datasets Airport and DukeMTMC4Reld by feature extractors as ELF, gBiCov, LOMO,
WHOS. The results show gBiCov achieved nAUC 54.42% (Airport), 40.61% (DukeMTMC4RelD)
greater than the others.

Keywords: person re-identification, surveillance system.

1.  Giéi thi¢u

Viéc giam sat an ninh & nhiing noi céng cong dang rat duoc chu trong. Cic camera
giam sat dugc lip dat & nhidu noi nhu nha ga, san bay, truong hoc... Dé van hanh cac hé
thong giam st nay can ton nhiéu chi phi vé nhan lyc va viéc giam sat thi cong ciing khong
dam bao hiéu qua giam sat. Trong nhitng ndm gan day, cac hé thong giam sat thong minh
duoc xiy dung dé nang cao hiéu qua, giam chi phi cling nhu dap ing nhu cau phat trién
cua cac khu d6 thi, thanh phé thong minh. Bai toan Tai nhan dang nhan vat (person re-id)
la mot trong nhitng bai toan dugc tmg dung trong viéc giam sat an ninh.

Tai nhén dang nhan vt 1a bai toan c6 anh dau vao 1a anh cua mot nguoi thu duogc &
mot camera, dau ra la mot danh sach nhiing ngudi duogc thu & cadc camera khac, danh sach
nay duoc sip xép giam dan theo mirc do twong ddng véi anh dau vao. Hinh 1 minh hoa bai
todn tai nhan dang nhan vat, tim cung mot nguoi xudt hién & hai camera khac nhau. Trong
vi du, c6 gai xuit hién & camera A & goc quay ngang duoc tim thay ¢ camera B & goc quay
tur phia sau.
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Bai toan c6 nhiéu thach thirc 16n do anh cta nhan vat c6 nhiéu bién thé trong nhiing
diéu kién khac nhau vé anh sang, goc quay cua camera, su chong 1ip bai cac nhan vat hay
cac vat thé khac, su thay doi cua nén (background) nhu trong nha, ngoai trdi hay giita thoi
diém ban ngay va ban dém, tham chi trong mot sd truong hop thay ddi ca vé trang phuc
cua nhan vat.

Bai toan nhan duoc sy quan tAm cua cong dong nghién ctru thi gidc mdy tinh trong
hon mét thap ki qua [1, 2, 3]. Hai hudng nghién ctru chinh 13 biéu dién dic trung (feature
representation) va hoc do do khoang cach (metric learning) giita cac dic trung. Bo biéu
din dic trung tt s& “6n dinh bén” trudc nhimg yéu t6 1am da dang bién thé cua nhan vat
va gitp cho cac phuong phap hoc do do khoang cach giita cac hinh anh bién thé ctia nhan
vat dat két qua tt hon.

Cung v6i sy phat trién ctia khoa hoc thé gi6i, nghién ciru trong nudc ciing 6 tién
trién, mot s6 nghién ctru so khoi nham néng cao hiéu suat cho bai toan da cong bd [4, 5].
Tuy nhién, & Viét Nam chua c6 mot ddnh gia nao trén céc trén cac b dir liéu 16n méi dugc
cong bd trong nhitng nam gan ddy. Trong nghién ctru nay, chiing toi sé trinh bay tong quan
vé cac phuong phap biéu diéu dic trung va hoc dd do khoang cach dé dénh gia trén nhiing
b dir liéu mai bang cac do do tiéu chuan. Thong qua khao sat ndy, chung t6i cung cap cai
nhin tong quan hon vé bai toan tai nhan dang nhén vat.

Hinh 1. Minh hoa bai todn tdi nhdn dang nhan vdt [6]

Phan con lai cia bai bao dugc td chirc nhu sau: Phan 2 trinh bay mo hinh t4i nhan
dang nhan vat, mot sb phuong phap rat trich ddc trung va hoc d6 do. Phan 3 trinh bay cac
bd dir liu Airport, DukeMTMC4RelD, cac do tiéu chuén Rank i, nAUC va két qua thyc
nghiém. Cudi cting, phan 4 trinh bay két luan.
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2. Cac nghién ciru lién quan
2.1. Mo hinh phé bién ciia bai todn tdi nhin dang nhén vt

Trong phan ndy, ching toi trinh bay tong quan vé cac phwong phap rat trich dic
trung cua bai toan tai nhan dang nhan vat. Tai nhan dang nhan vat dugc nghién ctru chu
yéu dua trén anh don (single image). Bai toan dugc xem xét bao gdm dir lidu “gallery’ c6
N anh tuong trng cho N nguoi khac nhau (G1, Go,..., Gy ) va dit liéu “‘Probe’” cling c6 N
anh, twvong ung véi N nguoi khac nhau (Py, Pa,..., Py), trong do, anh G; va Py 1a cing mot
nguoi, tuong tu cho cac anh con lai. Bai toan dat ra 1a cho anh truy van q thudc ‘Probe’ va
tim ngudi gidng anh q trong bo dir lidu ‘gallery’. Cac hudng giai quyét ciia bai toan chi
yéu xoay quanh hai vin dé&: mot 12 biéu din nhén vat va hai 12 so khép cac nhén vit.

Anh tim
kiém
Rut trich . £
diic trung Sokhép ——» X&p hang
Danh sach
Gallery

Hinh 2. M6 hinh phé bién ciia bai todn tdi nhdn dang nhén vit

Dic trung biéu dién cho nhan vat duoc trich xuat tir anh théng qua cac phuong phap
rit trich ddc trung. Mot sb phuong phép rit trich dic trung da cong bd trong cac nghién
ciu trude day: ELF, LDFV, gBiCov, IDE-CaffeNet, IDE-VGGNet, DenseColorSIFT,
HistLBP, LOMO, GOG. Sau budc rut trich ddc trung, chung ta tién hanh so khép (dic
trung) cic nhan vat. So khop cac dic trung dé tinh d¢ tuong dong ctia cac nhan vat,

Mot phuong phap truyén théng 1a tinh khoang cach Euclid (£,). Pé tim mot ngudi
q trong tap dir liéu ‘gallery’, chung ta tinh khoang cach gitia (dac trung ctia) nguodi q voi
tat ca nguoi trong ‘gallery’, dua vao két qua khoang cach, thu dugc danh sach sip xép
giam dan theo d6 twong dong. Nhitng ngudi ding dau danh sach gan gidng véi ngudi q
nhat. Thay vi sit dung d6 do Euclid, mot huéng tiép can khac 1a hoc c6 giam sat, phuong
phap hoc do do khoang cach (metric learning). Nham muc dich xac dinh nhiing vecto dic
trung ctia cing mot nguoi s& c6 khoang cach gan hon so véi vecto dic trung ciia nhitng
nguoi khac.

2.2.  Mpt sé6 phwong phdp rit trich diic trung

Dic trung thu cong duoc thiét ké boi cac chuyén gia dé biéu dién nhan vat dya trén
cac dic diém cua dbi twong. Nhu Ensemble of Localized Features (ELF) [7] dugc dé xuat
boi D. Gray and H. Tao vao nam 2008. ELF 1a dic trung két hop, st dung thong tin
histogram mau cta cac kénh mau RGB, YcbCr va HS va cic thong tin vé két ciu bé mit
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(texture) anh. Vecto dic trung ELF dung 29 dic trung gdbm 8 kénh mau va 21 thong tin cdu
triic, mdi dic trung 12 mot vecto 16 chiéu.

Gabor filters, Biologically Inspired Features and Covariance descriptors (gBiCov) la
mot phuong phép trich xuit dic trung méi dua trén Gabor filters, Biologically Inspired
Features (BIF) két hop v6i phuong phap Covariance descriptors. B.Ma va cong su di cong
bd dic trung gBiCov vao nim 2014. Pic trung gBiCov thu duoc bang cach tinh toan va
ma hoa su khac bi¢t gitra dac trung sinh hoc BIF ¢ cac ti 1€ khac nhau. Khoang cach gitra
cac nhan vat dugc tinh toan hiéu qua boi d6 do Euclidean.

Local Maximal Occurrence (LOMO) dugc dé xuit bai S.Liao va cong su tai hoi
nghi CVPR 2015. LOMO str dung thudt toan da ti 1é Retinex xir li cac dac trung LBP va
biéu d6 mau HSV. LOMO phan tich su xuét hién theo chiéu ngang cua cac dac trung cuc
b, va ti da hoa sy xuét hién tao ra sy dién ta o rang hon trude su thay ddi cua dbi tuong
gua céc goc nhin khac nhau.

Weighted Histogram of Overlapping Stripes (WHOS) la dac trung tap trung vao
ngudi (foreground) trong buc anh, dua trén viéc loai bo nén (background) bang phuong
phap Epanechnikov Kernel. WHOS lay dugc nhiéu dic trung vé nguoi ¢ trong anh, sau d6
liy histogram ctia anh va ndi véi dic trung HOG ciia anh da loai bo nén.

2.3. Mt so dp do khodng cich (Metric learning)

Mot s6 phuong phap metric learning nhu: KISSME, MFA, FDA, NSFT. MFA
(Marginal Fisher Analysis) loai bé dugc cac sai lam do bo dit liu khong phai dang
Gaussian. MFA 1a phuong phap tham sé didc trung cuc b két hop véi k hang x6m, nén né
c¢6 kha nang tinh toan phi tuyén tinh. FDA (Fisher's discriminant analysis) duoc tong quét
hoa bang LDA, mot phuong phap duge sir dung trong thdng ké, nhan dang miu va may
hoc dé tim mét su két hop tuyén tinh cua cac tinh nang dac trung hodc tach hai hoac nhiéu
16p ctia dbi twong hodc cac su kién. NSFT (Null Foley-Sammon Transform) giai quyét van
dé Small Sample Size (SSS) bang viéc 4p dung khong gian phén biét (discriminative null
space), trong d6 cac hinh gidng nhau thi phai nAm chung mét diém trén khong gian d6, va
cac hinh khong giéng nhau phai ndm & diém khac, bang mot phép chiéu.

Trong phan nay, ching toi tim hiéu phuong phap kissme va cai dat phuong phap nay.
KISSME [8] 1a phuong phap phan biét anh khac nhau dwa trén ham phan phdi Gaussian
gitp hoc nhanh bg dir li¢u, bén canh d6 st dung ma tran hi€p phuong sai (cov matrix) giup
tang hiéu suat (performance). Dé danh gia cic phuong phap rut trich dic trung ELF,
WHOS cho bai toan tai nhan dang nhan vat, ching t6i chon KISSME lam phuong phép
tinh d6 do khoang céch.

3. B0 dirli¢u
3.1. B¢ dit liéu

Trong phan ndy, chung toi s& gidi thiéu mot s6 bo dir liéu duoc sir dung dé danh gia

thuc nghiém, bao gé)m: Airport, DukeMTMC4RelD.
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Bdng 1. Cac dac tinh 2 b dir liéu: Airport, DukeMTMC4RelD

N Nim S6 S6 S6 Mbi truong
STT Tén bo dir li€u . P .. . ¢ .
: ) cong b0 camera  nguwoi anh lap dat
1 DukeMTMCA4RelD 2017 8 1852 46261 Truong hoc
2 Airport 2018 6 1382 39902 Sén bay

Airport Bo dit liéu Airport [9] cong bd nam 2018 duoc thu thap tir sdu camera giam
sat 1ap dat ngoai troi & mot san bay tir 8 gio sang dén 8 gio tdi. Anh ngudi duoc nhan dién
tu dong véi rit nhiéu anh chi chira mot phﬁn than nguoi (xem Hinh 3). Téng cong, cO
39.902 anh cua 9651 nguoi dugc thu thap. Trong d6 co 1382 ngudi xudt hién trong it nhat
trong hai camera khéac nhau. Airport [a mgt bd dir li€u hura hen véi nhitng dac diém giéng
nhu moi truong mé thuc sy cia mot h¢ théng giam sat thuc su.

Hinh 3. Minh hoa bé dit liéu Airport

DukeMTMC4RelD [10] 12 bo dit liéu moi nhat hién nay duoc xay dung dya trén bo
dir liéu DukeMTMC. Anh trong by dir licu DukeMTMC4RelID dugc thu thap tr mot hé
thong bao gdm tim camera giam sat lip dat ¢ khudén vién Truong Dai hoc Duke.
DukeMTMC4RelID cung cép 46.261 anh cta 1852 ngudi. Trong d6, 1413 nguoi (22.515
anh) xuét hién trong hon mot camera; 439 ngudi con lai (2195 anh) chi xuét hién mot trong
tam camera. Anh trong b dit liéu c6 kich thudc giao dong tir 72x34 pixel dén 515x188
pixel (xem Hinh 4).
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Hinh 4. Minh hoa bé dir lieu DukeMTMC4RelD

3.2. Dodo

Bai toan tdi nhidn dang nhan vat st dung d6 do chuan 1a Rank i, ngoai ra con
normalized Area under the CMC curve (nAUC). Cac dd do dugc xay dung dua trén hang
diing (true rank). Tuy theo mdi phuong phap biéu dién dic trung va hoc do do khoang
cach s& co thu tu xép hang khac nhau, phuong phap cho két qua cang t6t thi ngudi can tim
trong anh query sé cang & dau danh sach. Thir hang ciia anh dung trong danh sach xép
hang 1a hang dling (true rank).

Rank i 1a kha ning dy doan ding trong i két qua dau tién cta Gallery. Rank i duoc
tinh boi s lugng hang diing nhé hon hay bang i chia cho téng s anh query. Rank i cang
16n thé hién kha nang du doan dung tai vi tri thtr 1 cang cao. Rank n luén béng 1,nlasd
anh query.

Puong cong Cumulative matching characteristic (CMC) v& tit ca cac gia tri cia
Rank i. Truc hoanh 1a ddy s nguyén cho biét thir hang i, truc tung 1a day sb thuc cho biét
gia tri twong duong véi mdi thir hang i. Dé so sanh két qua giita cac duong cong CMC thi
chiing ta s€ dung di¢n tich bén dudi duong cong CMC goi la normalized Area under the
CMC curve (NAUC), gia tri 16n nhét cia nAUC bang 1.

3.3. Thuwc nghiém

Trong phan nay, chiing t6i trinh bay két qua thuc nghiém véi bon dic trung WHOS,
LOMO, gBiCov va ELF. Mbi dic trung c¢6 wu va nhuoc diém khac nhau. Dé so sanh bbn
déac trung, chung toi st dung cung mot metric learning KISSME va danh gia trén hai bg dir
ligu 16n, dugc cong bd gén day Airport, DukeMTMC4RelD. T6 chire dit liéu dé huin
luyén va dénh gia cho bd DukeMTMC4RelID dugc dua vao tap tin dinh kém dugce tac gia
bo dit liéu cong bd. Dir liéu Airport gdbm 6 camera, chon 1 camera lam ‘probe’ va chon
ngiu nhién cip nhan vat tir 20 clip dé lam dit liéu huan luyén, phan con lai ding cho danh
gia. Chiing t6i tién hanh thyc nghiém trén may tinh c¢6 cdu hinh CPU intel(r) xeon(r) cpu
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e5-2680, RAM 12GB, hé diéu hanh Windows Server 2008 R2 Standard.

Bdng 2. M0 ta thong tin cac loai ddc trung trén bé dir liéu Airport

. S6 chiéu Thoi gian rit trich Thoi gian
STT Pac trung . 9 .
: dac trung dac trung so khop
1 WHOS 3,410 21 phat 17 phut
2 LOMO 4,044 1 tiéng 34 phut 21 phat
3 gBiCov 216 3 ngay 16 tiéng 15 giay
4 ELF 2,592 3 tiéng 48 phut 9 phut

Bang 3. M0 ta thong tin cac loai dac trung trén bo dir lieu DukeMTMC4RelD

) S6 chiéu Thoi gian rit Thoi gian
STT Pac trung . i 9 A
’ dac trung trich dac trung so khop
1 WHOS 3,410 25 phut 3 tiéng 31 phut
2 LOMO 4,044 1 tiéng 50 phut 3 tiéng 56 phut
3 gBiCov 216 4 ngay 14 tiéng 9 phat
4 ELF 2,592 3 tiéng 30 phut 1 tiéng 30 phut

Tong quan vé sd chidu va thoi gian chay thuc nghiém cac loai ddc trung trén bo dir
liéu Airport va DukeMTMC4ReID dugc tong hop trong bang 3. Qua két qua thuc nghiém
Béang 2 va Bang 3, trén ca hai bo dit liéu Airport va DukeMTMC4RelD, mic du sé chiéu
dic trung gBiCoV nho nhét trong cic dic trung nhung thdi gian rat trich dic trung
gBiCoV nhiéu nhét 1am cho tong thoi gian rat trich va so khép nhiéu nhét.

Gid tri ctia Rank 1 tinh theo %, nAUC la gia tri trong khoang 0 va 1. Gid tri nAUC
ctia cac bo dit liéu ¢ s6 lugng anh 16n nhu Airport va DukeMTMC4RelD sé tién gan vé
gia tri 1. Trong thuc nghiém nay, ching t6i quan tim dén 50 d4u tién trong danh sich tra
vé va tinh nAUC cho danh sach d6.

Dic trung WHOS cho két qua Rank 1 cao nhét trén bo dit liéu Airport, tuy nhién &
Rank 5,10 dic trung gBiCoV lai cho két qua cao hon WHOS va ciing cho gia tri nAUC
cao nhit so véi cac dic trung dugc khao sat. Trong khi dé trén by dir li¢u
DukeMTMC4RelD thi dic trung gBiCoV cho két qua Rank 1, 5, 10 cao nhit trong bdn
déc trung (xem Bang 4, 5).

Két qua tir Hinh 5, 6 cho thy dic trung gBiCoV cho két qua tét nhat trén trong 4
phuong phéap biéu dién dic trung trén ca hai b dir liéu. Trén bo Airport, ELF va LOMO
hai duong cong tuong dwong nhau do c6 gia tri nAUC gan bang nhau: ELF (44,53%) va
LOMO (44,10%). Tuy nhién, néu dya vao gia trji Rank 1 thi dic trung ELF (6,43) cho két
qua cao hon LOMO (5,03).
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Bing 4. Két qua cdc dé do trén bé dir liéu Airport

Dic trung Rank 1 Rank 5 Rank 10 nAUC
WHOS 9,04 23,57 33,58 51,00
LOMO 5,03 17,83 24,73 44,10
gBiCov 8,69 26,65 35,11 54,42

ELF 6,43 18,4 27,56 44,53

Bdng 5. Két qua cac do do trén b dir lieu DukeMTMC4RelD

Dic trung Rank 1 Rank 5 Rank 10 nAUC
WHOS 9,17 15,47 20,13 26,86
LOMO 4,18 7,82 10,59 15,74
gBiCov 11,8 23,21 30,69 40,61

ELF 6,21 13,36 17,57 24,40
Airport
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Hinh 5. Puong cong CMC cho céc bg dir ligu Airport
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DukeMTMC4RelD
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Hinh 6. Burong cong CMC cho céc bg dir liéu DukeMTMC4RelD

4.  Két luan va thao luan

Trong nghién ctru ndy, ching toi im hiéu va bao cdo thuc nghiém cac phuong phap
biéu dién nhdn vdt Va so khép cdc nhan vdt clia bai toan Tai nhan dang nhan vat trén hai bo
dir liéu mai DukeMTMC4RelD va Airport. Cac b dac ta nhan vat dua trén dac trung thu
cong c6 uu va nhuge diém khac nhau hudng toi timg ddi twong cu thé, chiu anh hudng 16n
cac ddc trung clia nhan vat va moi truong thu nhan anh. Trong nghién ctru tiép theo, chung toi
s€ tan dung uu diém cua tung déc trung dé tao mot bo dic ta tot hon.

% Tuyén bé vé quyén loi: Cac tac gid xac nhan hoan toan khéng cé xung dét vé quyén loi.

% Loi cam on: Nghién ctu nay dwoc thuc hién tai Phong Thi nghiém Truyén théng Pa
phuong tién (MMLab) - Trirong BPai hoc Céng nghé Thoéng tin - BHQG HCM (VNUHCM-
UIT).
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