TRUONG PAI HQC HANG HAI VIET NAM
KHOA CONG NGHE THONG TIN

THUYET MINH
PE TAI NCKH CAP TRUONG

PE TAI
XAY DUNG HE THONG NHAN DANG MAT TU PONG SU
DUNG LPQ (LOCAL PHASE QUANTIZATION)

Chii nhi¢m dé tai: TS. NGUYEN HU'U TUAN
Thanh vién tham gia: ThS. NGUYEN VAN THUY

Hai Phong, thang 4/2016




MUC LUC

MO DAU ..ot 1
1. Tinh cap thiét ctia VAN d& NERIEN CTU ..o 1
2. Tong quan vé tinh hinh nghién ciru thudc linh vue d& tai ...o..o.ovvvveeeenn 1
3. Muc tiéu, d6i tuong, pham vi nghi€n CUU.........covvvieiiiiiiieeieeieeee e 1
4. Phuong phap nghién ctru, két cau cua cong trinh nghién ctru ..........co.o......... 2
5. Két qua dat dugc cua Q8 EA e 2

CHUONG 1: CO SO LY THUYET CUA NHAN DANG MAT NGUOI .......... 4
1. Bai toan nhan dang mat ngudi — nhimg van dé co ban..........occvveeueveeecuveenns 4

L1, GIOT thIGU vttt et 4
1.2. Thach thurc trong nhan dang mat NEUOT......ccccvveeeriiieeiiiieeiee e 5
1.3. Cac cach tiép can cho bai toan nhan dang mat nguoi.........ccceeeeevveeenneen. 6

CHUONG 2: CAC THANH PHAN CUA MOT HE THONG NHAN DANG

MAT TU DONG ..ottt s et aeaeas 10
1. Hé théng nhan dang Mat tw AONZ ..c..eeevvieeiieeieee e 10
2. Phat hién mat nguoi st dung dac trung HOG.........c.ooeeiviiiiiiiieciee, 11
3. Chuan hoa anh sang v&1 b loc Retinal filter.........ooocvveeeciieiiiiiiee 15
4. Phuong phap trich chon dac trung LPQ (Local Phase Quantization) ......... 17
S5.BOPphAn 10P K-NIN ..o e 20

CHUONG 3: XAY DUNG HE THONG ...coocooriiiriieiierieeeeieeeseseseseone 23
1. Thu vién OpenCV va dlib.......ooooiiiiiiiiiceeeeee e 23

1.1, Thu vIEn OPenCV ....cooeiii ettt 23
1.2, Thur VIEN dlID . 26
2. Dit liéu va giao thirc danh gia hiéu ning ctia hé thong.............occvveveenncn, 30



14
3. Ké A nhan d
. Ket qUA NNAN AQILE .. et e et tte et tateateetaneaasataneaasataneansns
KET LUAN .........................................................................................................

TATLIEU THAM KHAO ..o es s es s,

i



DANH SACH BANG BIEU

Bang 3.1: So sanh ti 1& nhan dang cta hé thong dé xuat véi cac két qua da cong

DO KNAC. oo e 32

111



Hinh

Hinh

Hinh

Hinh

Hinh

Hinh

Hinh

Hinh

Hinh

Hinh

Hinh

Hinh

Hinh

Hinh

1.1:

1.2:

2.1:

2.2:

2.3:

2.4:

2.5:

2.6:

2.7:

2.8:

3.1:

3.2:

3.3:

34:

DANH SACH HINH ANH

Cac thong tin ¢6 trong anh MAt NEUOT.....ccccvveeeriiiieeeiiee e e 5
Céc budc trong mot hé théng nhan dang mat...........cccevvevieeniieneenen. 8
Cac budc trong hé théng nhan dang mat ty dong. .........cceeeevveeenneen. 10
Anh input va hai d20 ham clla N0..........coeueveeeeeeeeeeeeeeeeeeeeeeeeae 12
Anh input va két qua phat hién va can chinh anh mat véi HOG. ...... 14
Cac budc trong bd loc Retinal filter...........ccceeeeeiiiiiciiiiiieciee e, 15
Két qua cua vige tién xur 1y v&i bo loc Retina filter. .........oceveeneeee. 17
Mot s anh LPQ thu dugc tir cac toan to LPQ. ..veeeeveeeeeeeeeeeeen, 19
Cac budc trong phuong phép trich chon dac trung LPQ................... 20
Minh hoa bd phan 16p KNN ......ooiiiiiieeeee e 21
CAu tric cta thur vien OPEnCV. ........oeveeeeeeeeeeeeeeeeeeeeeeeeeeeeeees e 23
CAu tric c0a thu VIEN dliD. c..eeeeeeeeeeeeeeeeeeeeeeeeee e, 27
Mot s6 anh mat nguoi tir co s& dit 1iéu FERET........co.oovvvveeeennn. 31
Mot s6 két qua vé phat hién mat ngudi trong CSDL FERET............ 32

v



DANH SACH THUAT NGU, CHU VIET TAT

Chir viét tit
HOG — Histogram of Oriented Gradient
kNN — k-nearest neighbors
LPQ - Local Phase Quantization
FERET - FacE Recognition Technology
PCA - Principal Components Analysis
LDA — Linear Discriminant Analysis
LBP — Local Binary Pattern
SVM — Support Vector Machine
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Thuyét minh dé tai NCKH cdp truwong 2016
MO PAU

1. Tinh cap thiét cia van dé nghién ciru

Nhéan dang mat la bai toan cé nhiéu ung dung trong thuc té va nhan duoc
su quan tam 16n tir cong dong cac nha khoa hoc nghién ctru vé Thi gidc mdy tinh
trong thoi gian gan day. Mot hé thong nhan dang mat c6 nhiéu budc va mdi budc
lai 1a mot linh vuc nghién ctru v&i cac cach tiép can khac nhau. Do vdy, hau hét
cac nghién clru déu thuc hién céc thuc nghiém trén cac co s dir liéu chuén, co
san cac dit lidu can thiét, ma khong tap trung vao viéc xay dung mot hé thong rw

dgng nhan dang tir cac dit liéu tho ban dau (cac anh mat chua qua xir 1y).
2. Tong quan vé tinh hinh nghién ctru thudc linh vuc dé tai

Hién nay cac nghién ctru vé nhan dang mit dugc chia thanh cac hudng tiép
can khac nhau cho timg khau ctia mot hé thong hoan chinh vén gdm cé nhiéu
budc, mdi bude cé mot chirc ning va anh hudng khac nhau téi hiéu ning chung
ctia hé théng. Cac thir nghiém vé ti 16 nhan dang cua céc cach phuong phap dé
Xuét thuong dugc tién hanh trén cac tap dir liéu duoc thu nhan trong diéu kién han
ché vé anh sang, huong, ..., do d6 khi &p dung vao thuc té thi két qua thu dugc
thuong kém xa so v6i moi truong thir nghiém. Chinh vi vy, trong dé tai nay,
chung toi tap trung vao viéc xay dung mot hé thong tu dong nhan dang va thir

nghiém vo1 cac diéu kié€n anh thu nhan duoc trong cac di€u kién thuc té.

3. Muc tiéu, ddi twong, pham vi nghién ciru

Muc tiéu cta dé tai 1a xay dung mot hé théng nhan dang mat hoan toan tu
dong voi dir liéu dau vao 1a cac anh mat ngudi st dung LPQ, mot phuong phap
trich chon dac trung dnh mat c6 kha ndng lam viéc tdt v4i cac anh bi mo hay bi
anh huong boi anh sang. Hé thong s& gdm cac module thuc hién: phat hién ving

anh mit, tién x\r 1y, trich chon déc trung, hoc va nhan dang.
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Thuyét minh dé tai NCKH cdp truwong 2016

4. Phwong phap nghién ciru, két ciu ciia cong trinh nghién ciu

Nhim xay dung mét chuong trinh nhan dang mat tu dong, dé tai thuc hién
nghién ciru cac van dé sau:

+ Nghién cuou ky thuat phat hién anh mat duva trén dic trung HOG
(Histogram of Oriented Gradients).

+ Nghién ctru k¥ thuat tién xir Iy dé chuan héa anh mit

+ Nghién ctru ap dung LPQ (Local Phase Quantization) cho bai todn nhan
dang mat.

+ Nghién ctru thu vién ma ngudén mé OpenCV.

+ Xay dung chuong trinh

5. Két qua dat dwoc cia dé tai

Pi nghién ciru khao sat cac bude caa mot hé thong nhan dang mit tw dong
va cac k¥ thuat khac nhau c6 thé ap dung cho ting budc. DEé xuat va xdy dung

thanh cong mdt hé théng nhan dang mat ty dong véi cac bude cu thé nhu sau:

+ Ty dong phat hién va cin chinh khudn mit bang phuong phap HOG
(Histograms of Oriented Gradients).

+ Chuan hoa di€u kién anh sang cua cac anh mat nguoi sau budce phat hién

va can chinh bang k¥ thuat retina filter.

+ Trich chon déc trung cuia anh mat nham biéu dién cac birc anh thanh céc
vector dac trung s dung phuong phap trich chon dac trung LPQ, mdt phuong
phap cho két qua nhan dang tét trong nhiéu diéu kién kho khin, chang han nhu
thay ddi cia anh sang va anh bi mo.

+ Str dung phuong phap phan 16p kNN (k-nearest neighbors) cho budc nhan
dang dé dua ra danh tinh ctia birc 4nh can nhén dang.

Hé thdng duoc cai dit bang ngon ngit C++ sir dung bd cong cu Visual
Studio 2015 update 2 va hai thu vién ma ngudén mé OpenCV va dlib. Hiéu ning

nhan dang ctia hé théng duoc thir nghiém danh gia bang protocol chuan trén co
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Thuyét minh dé tai NCKH cdp truwong 2016

so dir liéu 4nh mat nguoi cong cong FERET (FacE Recognition Technology) va

so sanh véi cac két qua da cong bod cua cadc phuong phap co6 lién quan. K&t qua so
sanh cho thay rang h¢ thong dé xuat cé hi¢u nang kha tét do1 voi cac anh mat co

gbc nhin thang dugc thu nhan trong cac di€u kién trong nha va cé kiém soat.

Mic du vay khi so sdnh v6i1 cac hé théng ban tu dong thi két qua nhan dang
ctia hé thong van chua cao bang. Piéu nay 1a hop 1y vi viéc cin chinh anh trong
cac hé théng ban tu dong dua trén cac toa do cua mét nguoi dugc xac dinh bﬁng

tay van cho két qua chinh xac cao hon so v61 viée phat hién va can chinh ty dong.
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Thuyét minh dé tai NCKH cdp truwong 2016
CHUONG 1:
CO SO LY THUYET CUA NHAN DANG MAT NGUOI

1. Bai toan nhin dang mit nguwdi — nhitng van dé co ban
1.1. Gigi thiéu

Nhan dang mat ngudi (Face recognition) 1a mot chii dé nghién ciru thudce
linh vyc thi gidc may tinh (Computer Vision) di dugc phat trién tir dau nhiing
nam 90 cta thé ky trudc [1]. Cho téi hién nay, day van 1a mot chi dé nghién ctru
mo nhan dugc su quan tam cuia nhiéu nha nghién ctru tur nhiéu linh vuc nghién
ctru khac nhau nhu nhan dang mau (Pattern Recognition), hoc may (Machine
Learning), thong ké (Statistics), sinh tric hoc (Biometrics). Piéu nay 1a do co rat
nhiéu ung dung thuc té can toi mot hé théng nhan dang mat, tir cac h¢ théng quan
ly dang nhap don gian cho t6i cac tmg dung giam sat tai cac dia diém cong cong
(public areas surveillance) hodc quan Iy dan sb (population management) va phap
1y (forsensics). Bén canh do, so voi cac hé¢ théng nhan dang dua trén cac dac diém
sinh tric hoc khac ctia con nguoi, nhu nhan dang mong mat va van tay (fingerprint
and iris recoginitions), dang di (gait recognition), nhan dang mat c6 nhiéu uu
diém:

+ Mot hé théng nhan dang mat khong doi hdi c6 sy tuong tac truc tiép gilra

doi tuong duoc nhan dang va hé¢ théng.

+ Viéc thu nhan dir li€u (dnh mat) cho quéa trinh nhan dang mdt con nguoi
dé thuc hién hon so vé6i thu nhan cac dic dic diém sinh tric hoc khac (nhu thu

nhan dau van tay va mong mat).

+ Dir liéu vé mit ngudi phd bién hon so véi cac dic trung khac do su bung
nd cac mang xa hoi (facebook, twitter ...), cac dich vu chia sé dir liéu da phuong
tién (youtube, vimeo ...) va sy phat trién manh mé cta cac thiét bi thu nhan hinh

anh.

+ Ttr anh khudén mit ciia mot ngudi ta c6 thé khai thac nhiéu thong tin lién

quan chtr khong chi 1 danh tinh, ching han nhu gi6i tinh (gender), mau da (skin
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Thuyét minh dé tai NCKH cdp truwong 2016

color), huong nhin (gaze direction), chiing tdc, hanh vi, strc khoe, dd tudi, cam

xuc va muc do thong minh ... (xem thém trong hinh minh hoa 1.1).

Interaction signals Facial gestures
. =

Identity .. . Gender: Itis a girl

Age: She is about

Ethnicity: Asian .f_. 3-5 years old

—

Gaze direction - = Expression: neutral

Aesthetic . . .
Perceived intelligence

Health: good

Hinh 1.1: Cdc thong tin co trong anh mat nguoi
1.2. Thach thirc trong nhdn dang mat nguoi

Tuy nhién viéc xay dung mot h¢ théng nhan dang mat hoan toan ty dong
v6i kha nang nhan dang chinh xac cao thuc sy 1a mot thach thuc ddi véi cac nha
nghién ctru. Pidu nay 1a do cac yéu td (chii quan va khach quan) anh hudng téi
qua trinh thu nhan anh va tao ra cac buc anh c6 do khac biét rt 16n cla cung mot
khuon mit. C6 thé liét ké ra day cac yéu chii yéu anh huong t6i do chinh xac cua

mot hé théng nhan dang mat [2]:

+ anh sang (light conditions). Cac bic anh mat thu nhan ¢ céc diéu kién
sang khac nhau sé& rt khac nhau va 1am giam sy chinh xé4c trong qua trinh nhan

dang.

+ thay d6i vé tudi (aging changes). Khudén mit ngudi co cac thay ddi 16n
khi tudi thay d6i va khé nhan dang hon ngay ca d6i voi hé théng thi gidc ctia con
nguoi.

+ cac van dé vé hudng (pose variations). Viéc nhan dang véi cac anh cé
goc chup thang (frontal) c6 két qua tét hon rat nhiéu so véi cac anh duogc chup &
goc nghiéng 16n hon 45°. Giai phap thuong thay d6i véi cac anh c6 hudng chup
16n 1a st dung cac thuat toan ndi suy dé cd gang bu dap phan khuon mat bi che

khuét.

Trang 5



Thuyét minh dé tai NCKH cdp truwong 2016

+ cam xuc (facial expresion variations). O cac trang thai cam xuc khac nhau,

cac dac diém quan trong cho nhan dang mat (nhu mat, miii, mom) c6 thé bi bién

dang (deformed) va dan tGi cac két qua nhan dang sai.

+ che khuét (occlusions). Cac anh mat co thé bi che khuat boi cac yéu td
khach quan nhu vat chin & trude mat hodc chu quan nhu cac phu kién trén khudén

mat (khan, kinh mat) va 1am cho qua trinh nhan dang bj sai.

Cac h¢ théng nhan dang mat duoc chia thanh hai loai: xac dinh danh tinh
(face identification) va xac thuc (face verification). Bai toan xac dinh danh tinh la
bai toan dang 1-N trong d6 hé thong s& dua ra két qua 1a danh tinh cta anh dugc
nhan dang dua trén sy tuong déng cua anh input vo1 mot danh sdch N anh da biét
danh tinh chinh xac. Trong khi d6, ¢ bai toan xac thuc danh tinh, h¢ théng s€ dua
ra cau tra 101 dung hodc sai dua vao viéc xac dinh xem 2 burc anh c6 thudc vé cung
mot ngudi hay khong. Trong pham vi ciia dé tai nay, chung toi chi tip trung vao

bai toan xac dinh danh tinh.

1.3. Cdc cdch tiép cén cho bdi todn nhin dang mdt nguwoi

Duya vao viéc st dung cac ddc trung cua khudén mat trong khi nhan dang,
cac hé théng nhan dang mat duogc chia thanh hai hudng tiép can chinh: hudng tiép
can toan cuc (global approaches) va hudng tiép can cuc bo (local features based
approaches) [2]. Cac phuong phéap theo hudng tiép can toan cuc s& st dung cac
dic diém toan cuc cua khudén mit (hinh dang, mau sac, Cac duong nét chinh ...)
trong khi cac hé théng theo cach tiép can dua vao cac dic trung cuc bo st dung
cac dic diém cuc bd cua khudn mit (cac diém anh, cac chi tiét nhu mat, mii, mom,
long may ...) dé nhan dang. Trong sb cac hé théng nhan dang mat dya trén céc
dic diém toan cuc Eigengaces [3] va Fisherfaces [4] 14 cac hé thong tiéu biéu nhit.
Eigenfaces sir dung phép phan tich thanh phan chinh PCA (Principal Components
Analysis) dé biéu dién mdi anh mat nhu 1 mot té hop tuyén tinh cua cac vector
riéng thu dugc tir phép phan gidi ma tran hi¢p phuong sai dugc tinh tir cdc anh
mit sau khi d3 chuin hoa. Do PCA 1a mét thuét toan hoc khong c6 giam sat nén

khong tan dung duoc cac théng tin vé 16p khi tp anh huén luyén c6 nhiéu hon 1
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Thuyét minh dé tai NCKH cdp truwong 2016

mau cho mdi 16p nén trong Fisherfaces phuong phap phan tich tuyén tinh khac

biét LDA (Linear Discriminant Analysis) da duoc sir dung nham khai thac t6t hon
cac thong tin nay. Vé cac hé théng nhan dang mat dya trén cac dac diém cuc bod
thi phuwong phap mau nhi phan cuc bd LBP (Local Binary Pattern) [5] va bién doi
song nho Gabor (Gabor wavelets) [6] 12 cac k¥ thuat dién hinh dung dé trich xuat

cac dac diém cuc b0 tir anh mat.

Céc nghién ctru cho thiy cac hé thong dua trén cac dic diém cuc bd cho két
qua tdt hon cac hé théng theo cach tiép can toan cuc, dac biét 1a khi lam viéc véi
cac anh bi anh huong boi cac diéu kién nhu di dé cap ¢ trén. Mot cach tiép can
khac 1a két hop ca hai dac trung cuc bo va toan cuc dé nhan dugc mot hé théng
lai ghép (hybrid system) nham dat dugc hiéu qua cao hon. H¢ théng dugc xay

dung trong tai liéu nay dua trén cac dac trung cuc bo.

Vé co ban, mot hé théng nhan dang mat nguoi lam viéc giéng nhu hé théng
thi giac ctia con nguoi khi can nhan dang (nhan ra) mot ai d6 khi nhin vao mot
btrc anh. O budc dau tién hé thong can xac dinh xem c¢6 mit ngudi trong birc 4nh
input hay khong, sau d6 néu c6 thi chi ving anh d6 s& dugc quan tam, xt 1y, budc
nay goi la phat hién khuon mat (face detection). Tiép dén, cac dic diém la dic
trung nhat cia khuon mit (gitp phan biét anh mat nguoi nay voi nguoi khac va
cac anh thudc vé cung mot nguodi) s€ dugc trich chon (extract) dé nhan dang, budc
nay goi 1a trich chon dic trung (feature extraction). Trong budc tiép theo, goi 1a
nhan dang (recognition), hé théng s& ddi sanh céac dic trung vira nhan duoc voi
mot kho dir liéu cac ddc trung cua nhitng nguoi di biét rd danh tinh dé xac dinh
xem cac dic trung d6 13 ciia khudn mit nay va dua ra két luan vé danh tinh twong
tmg v6i khudén mit co ti 16 twong ddng 16n nhat. Ti 1é cac anh nhan dang dung
danh tinh (so véi dir liéu thuc té) trén téng s6 anh can nhan dang goi la ti I¢ nhan
dang (recognition rate) va duoc dung dé danh gia hiéu nang (do chinh xac) cua

mot hé théng nhan dang.

Trang 7



Thuyét minh dé tai NCKH cdp truwong 2016
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Hinh 1.2: Cdc buoc trong mot hé théng nhan dang mat

Trén thuc té, viéc xay dung mot hé théng nhan dang mat sé gém nhiéu buéc
chi tiét hon nhu duoc chi ra trong hinh 1.2. Trudc budc trich chon dac trung, mot
thuat toan tién xur Iy (preprocessing) s& dugc sir dung dé thyc hién loc nhiéu va
chuan hoéa cac diéu kién anh sang cta cac birc anh sao cho chiing ¢ cung diéu
kién anh sang nhét co thé. Tiép d6, sau buéde trich chon dic trung, modi anh mit s&
duoc biéu dién dudi dang mot vector didc trung ¢ sd chiéu 16n (tir vai nghin cho
t5i hang trim nghin) va chira nhiéu thong tin du thira, khong can thiét cho qua
trinh nhan dang. Do d6, mot thuét todn hoc sé dugc sir dung dé loai bo cac dic
diém du thira va dong thoi 1am ting tinh phan biét (discriminative) cta cac thudc
tinh dugc gitt lai nham 1am ting hiéu ning cta hé théng vé ca toc d6 xur 1y (do chi
can lam viéc véi cac vector c6 s6 chiéu nho hon rat nhiéu) va do chinh xac. Cudi
cung, & budc nhan dang (classification stage), co nhiéu thut toan c6 thé su dung,
chang han nhu bd phén 16p k-lang giéng gan nhat (k Nearest Neighbors — k-NN),

SVM (Support Vector Machine) hodc mang noron (neural network).

Do mot hé théng nhan dang mat gé)m nhiéu budc nén cac nghién curu vé
nhan dang mét cling chia thanh cac linh vuc nhé hon chi tap trung vao cac phuong
phap dé giai quyét timg budc trong ca hé thong. Vi thé, mic du di c6 nhiéu nghién
ctru vé nhan dang mat, song viéc xay dung hoan chinh mét hé théng hoan toan tu
dong tir budc dau tién téi cudi cing van con chua nhidu. Trong dé tai nay, chiing
to1 hudng téi viée xay dung mot hé théng nhan dang mat hoan toan tu dong voi

cac ky thuat dugc ap dung cho cac budce nhu sau:

Trang 8



Thuyét minh dé tai NCKH cdp truwong 2016
+ phat hién khuon mat: st dung cac dac trung HOG (Histogram of Oriented
Gradients) [7].

+ tién xtr Iy: sir dung phuong phép retinal filter [8].

+ trich chon dac trung: nghién ctru ap dung ky thuat LPQ (Local Phase
Quantization) [9].

+ nhan dang d6i tuong voi bo phan 16p k-NN.

Trong chuong ndy, cic van dé lién quan tdi bai toan nhan dang mat nguoi
va cac budc co ban dé xay dung mot hé théng nhan dang mat ty dong cung véi
cac cach tiép can lién quan da duoc trinh bay. Chuong tiép theo cua tai lidu nay

s& trinh bay chi tiét vé cac k¥ thuat dugc ap dung khi trién khai hé thong.
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CHUONG 2:
CAC THANH PHAN CUA MQT HE THONG NHAN DANG MAT
TU DONG
1. H¢ thong nhan dang mit ty dong
MNormalized
Aligned image image
r,....: - ' Feature vector
Input image . S s —

M 101..110..001
; Matching

Face I Feature ) _ _
detection —s| Retinal filter |—s| ©xtraction ,| K-NN W|_th Chi | Identity
HOG LPQ Square distance

Hinh 2.1: Cac buoc trong hé tho”'ng nhan dang mat tw dong.

Muc tiéu cua dé tai nay la xay dung mot hé théng nhan dang mat tuy dong
v6i cac bude duge mo ta nhu trong hinh 2.1. Tur anh input, cdc d&nh mat nguoi s€
duoc phat hién bang cach st dung cac dic trung HOG (Histogram of Oriented
Gradient). Sau d6 phuong phap chuan hoa anh sang Retinal filter s& duoc sir dung
dé giam bt cac anh hudng xau ciia anh sang toi hiéu niang nhan dang. O budc
trich chon dac trung, phuong phap Local Phase Quantization (LPQ) s€ dugc st
dung dé trich xuat cac dic trung quan trong nhat cia mdi btrc anh mat. Bo phan
16p kNN (k=1) s€ dugc st dung & budc phan 16p trong d6 ham Chi Square s¢€

duoc dung dé danh gia d6 twong dong cua cac anh mit theo cong thire sau:

>

)2
d(X, Y) — {‘io (xl yl)

XitYyi
trong d6 X=[x1, X2, ..., Xm] va Y = [y1, y2, ..., ym] 1a hai vector dac trung tuong

ung voi 2 blrc anh mat.
Trong cac phan tiép theo ctia chuong nay chung t6i s& trinh bay chi tiét cac bude

clia cac thuat toan duoc sit dung cho hé thong nhan dang mit tu dong.

Trang 10



Thuyét minh dé tai NCKH cdp truwong 2016
2. Phat hién mat nguoi st dung dac trung HOG

Céc dic trung HOG [7] ban dau duoc thiét ké dé phat hién nguoi (human
detection) trong dir liéu anh nhung sau d6 dugc mo rong va dugc st dung rong
rdi cho céc bai toan phat hién dbi twong nodi chung (object detection). Phuong phap
HOG duya trén viéc dém s 1an xuét hién cua céc huéng dao ham (gradient

orientation) trong cac vung cuc bo cua anh.

Ban chat cia phuong phap HOG 1a cac thong tin vé hinh dang va vé bé
ngoai ctia cac ddi twong cuc bo trong anh ¢ thé dugc mo ta bang cach st dung
thong tin vé sy phan bd cua cac cudng do gradient (intensity gradients) hodc cua
cac hudng bién (edge directions). Cac toan tirt HOG dugc cai dat bang cach chia
nhd mdt buc anh thanh cac viung con duoc goi la cac “té bao” (cells) va v&i moi
cell d6 mot histogram vé cac huéng ciia gradients s& duoc tinh cho cac diém nim
trong cell. Ghép céc histogram nay lai ta s& c6 mot biéu dién cho birc anh ban dau.
bé tang cuong hiéu nang nhan dang, cac histogram cuc b c6 thé duoc chuin héa
vé do twong phan bang cach tinh mot ngudng cudng do trong mot ving 16n hon
ctia anh, goi 1a cac khdi (blocks) va sir dung gia tri ngudng d6 dé chuan hoa tat ca
cac cell trong khéi. Két qua ctia budc chuin hoa nay 1 vector dic trung sé& co tinh

bat bién cao hon dbi voi cac thay d6i vé diéu kién anh sang.

Cac budc co ban cua viéc tinh mot vector HOG cho mot anh gé)m co: Tinh
gradient, gan hudng vao cac ving gia tri khac nhau, tinh histogram cta cac khi
va cudi cung 1a chuan héa cac khdi.

Tinh gradient: Pay 1a buéc dau tién trong phuong phap HOG va thuong
duogc thyc hién bang hai phép nhan chap anh gdc v6i 2 nhan 1 chiéu twong tng
v6i cac toan tir 1y dao ham anh theo hai hudng Ox va Oy, cu thé la:

Dy=[-101]vaDy=[10-1]%,
trong d6 T 1a ky hiéu ctia phép chuyén vi ma tran.

Véi mét anh input I, ta s€ ¢6 2 dnh dao ham riéng theo 2 hudng duoc tinh

bang cac cong thic: I = I*Dx va Iy = I*¥D.
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Thanh phan cudng d6 (magnitude) va hudng (orientation) s& dugc tinh theo

cac cong thuc: |G| = sqrt(L2 + L,2) va O=arctan(ly, Ly). Vi du vé két qua cua phép

lay dao ham c6 thé xem ¢ hinh sau:

Hinh 2.2: Anh input va hai dao ham ciia né.

Gan hwéng: Sau khi tinh dao ham, ta c¢6 thanh phan hudng & cac diém anh
trong mdi cell cia anh input. Cac gid tri huéng ndy duge chia thanh cac ving
huéng déu nhau trong khoang tir 0 téi 360°. Theo céc tac gia ciia HOG, thi 9 viing
chia cho két qua tot nhat ddi véi cac bai toan nhan dang. Co nghia 1a cac gié tri
huéng nam trong khoang [0, 360/9) s& dugc gan bang 1 (coi la nhu nhau), cac gia
tri hudng trong khoang [360/9, 2*360/9) s& duoc gan bang 2, van van. Sau dé

histogram ctia moi cell s& dugc tinh doc 1ap.

Tinh histogram ctia cic khéi: Dé dap ung tot hon vai cac thay d6i vé diéu
kién anh sang va do twong phan, cac gia tri gradient can phai dugc chuin héa cuc
bo, diéu nay doi hoi viéc nhom cac cell thanh cac ving lién két khong gian véi
nhau goi 1a cac khdi. Vector HOG do d6 s& 1a tong hop cac histogram cua céac cell
da duoc chuin hoa tir tat ca cac khoi. Cac khdi sé& duge chia va khong tach biét
nhau, n6i cach khac mdi cell s& dong gop thong tin vé cac hudng (tai cac diém

anh cia n6) nhiéu hon 1 lan.

Chuén héa khdi: Co nhiéu phuong phap c6 thé duoc dung cho viéc chuan

hoa khoi. Goi v 1a vector can chuan héa chira tat ca cac histogram ctia mét khoi,
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||v|| 1a gia tri chuan ctia n6 theo cac chuan k=1, 2 va e 1a mot hang s6 nhd, khi do

cac gia tri chuan hoa c6 thé tinh bang 1 trong cac cong thuc sau:

v
L2-norm: [ = 3
Hv Cte
v
Ll-norm: f =
IV +e

Ll-sqit: f =

Phat hién méit ngwoi voi cac diic trung HOG: dé phat hién mat ngudi voi

cac dic trung HOG ta tién hanh cac budc nhu sau:

Budre 1: Chuan bi P mau 1a anh mit nguoi va trich xuit cac vector dic trung

HOG tur cac birc anh nay.

Buéc 2: Chuan bi N mau khong phai 14 anh mat ngudi (N rat 1on so voi P)

va trich xuat cac vector HOG tur cac anh nay.

Budc 3: Sir dung mot b phan loai SVM tuyén tinh dé hoc véi céc vector
ciia cac mau tich cyc (1a anh mit nguoi) va tidu cuc (cac anh khong phai mit

ngudi) da chuan bi.

Budc 4: Dbi véi mdi buc anh trong bo anh tiéu cuc, st dung mdt ctra )
truot di chuyén qua tat ca cac vi tri c6 thé ciia anh input. Tai mdi vi tri cta cira so
trugt, tinh vector HOG cua cira s6 va dua vao bd phan 16p. Néu bod phan 16p phan
16p sai mot cira s 1a anh mat thi ghi lai vector twong Gmg cting véi x4c suat phan
16p.

Buwéc 5: Liy cac miu nhan dang sai & budc 4 va sap xép chung theo murc

xac suat nhan dang sai va cho bd phan 16p hoc lai st dung cac mau sai nay.
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Buéc 6: Ap dung bd phan 16p da dugc hoc lai voi cac anh can phat hién

mat nguoi.
Trong dé tai nay, toan bo phén phat hién mat nguoi st dung cac dir licu
phén 16p da duoc hoc trude duoc cung cip boi thu vién dlib. Két qua cua bude

nay c6 thé xem & cac hinh minh hoa sau:

Hinh 2.3: Anh input va két qua phat hién va can chinh anh mdt véi HOG.
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3. Chuan héa anh sang véi b loc Retinal filter

Bo loc Retinal filter ban dau dugc phat trién nhu mot bo loc anh thong
thuong dua vao viéc mod phong cac budc trong hé thong nhan dang hinh anh cua
con nguoi [8]. Sau d6 n6 dugce ap dung cho bai toan nhan dang mat véi myc dich

chuan hoa anh sang ¢ budce tién xtr 1y va da ching to duoc tinh hi€u quéa cua minh.

Vé co ban bd loc thuc hién mé phong hoat dong cua hai 16p chinh cua hé
thdng thi gidc ctia con ngudi 13 16p Photoreceptor va Outer Plexiform bang cach
ap dung lién tiép hai ham phi tuyén, bd loc DoG va mdt ham cat hau xir Iy nhu

dugc minh hoa trong hinh 3.

adaptation filter QLP filter FPost-processing :
_|“PU‘1_‘ Maka-Rushton Difference of _’ Zero-mean |(|Large values E_*BESU“
image (function extends Gaussian i |normalization || truncation || Image
%‘?"h}-‘:-g.g ':_;",
i 1 % *
e /
——
Sy

Hinh 2.4: Cac budc trong bo loc Retinal filter
Ham Naka-Rushton [10] dugc sir dung dé ting cudng do twong phan cuc
bo cua birc anh theo cong thurc sau:

v X
T X+ X0

Trong d6 X 1a anh input, X0 14 tac nhan diéu chinh va c6 gia tri thay do6i
v6i mdi diém anh con Y 13 anh output.

Tt anh input I ban dau, bd loc Retinal filter st dung hai bo loc thong thap
lién tiép v6i cong thire (xuat phat tir cong thirc ciia ham Naka-Rushton & trén) nhu

Sau:

I(p)
I(p) + F1(p)

ligy = (max(l) + F;(p))
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Ilal (p)
Lia1(p) + F2(p)

Trong d6 cac biéu thirc (max(I)+Fi(p)) va (max(lia1)+F2(p)) dong vai tro 1a

Iz, = (max(ljqq) + F>(p))

cac nhan t6 chuan hoa va ham max la ham trd vé gia tri cuong d¢ sdng 1on nhat

ctia anh. Hai biéu thtrc Fi(p) va Fa(p) duoc tinh theo cac cong thirc sau:

I
Fi(p) =1(p) = G, +§

L
Fo(0) = har(p) * G + -

Ky hiéu “*’ 1a ky hiéu cuia phép nhan chap, ~1a ky hiéu cua ham tinh trung

binh, G1, G2 1a cac bd loc Gaussian tuong ung véi hai d6 1€ch chuan o1 =1 va o>

= 3 nhu sau:
L _x2+y?
Gl(x;Y):%e 201 5Vé
1
L _x2+y?
- 202
G,(x,y) 2mge z .

Anh I, sau d6 dugce xir ly béng mét bd loc DoG dé cai thién cac thudc tinh

sac nét nhu sau:
Idog = DoG * 1147,

trong d6 DoG dugc tinh theo cong thure:

x2+y2

_ 1 20k, _
DOG_Zﬂ'O'IZ;he P

V61 opn = 0.5 va ou = 4. Vi bd loc DoG lam gidm dd tuong phan toan cuc
cua btrc anh nhan dugc nén mot budce cat bo cac gia tri qua 1on s¢ duoc thyc hién

sau khi anh dugc chuan hoa dé c6 gia tri trung binh bang 0 nhu sau:

I _ Idog_ldog _ Idog
norm — - .
Std(ldog) Std(ldog)
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result \P —max(Th, |Lorm (p) Inéungugc lai -

Két qua cua bo loc Retina filter trong viéc chuin hoa anh sdng cua cac anh
mit dugc thu nhan trong cac diéu kién sang khac nhau c6 thé thay trong hinh minh
hoa 2.3. C6 thé théy rﬁng két qua cua bd loc nay kha tdt va dat duwoc 2 muc dich:

+ dua cac btrc anh mit ¢ diéu kién anh sang khac nhau vé ciing mot ving
gia tri khd gan nhau.

+ tdng cuong cac duong nét quan trong cia khuén mat khi ap dung cho bai

toan nhan dang mat nguoi, chang han nhu 16ng may, mat, miii va mom.

(a) Input images

(b) Output images

Hinh 2.5: Két qua ciia viéc tién xir Iy véi b loc Retina filter.
4. Phwong phap trich chgn dac trung LPQ (Local Phase Quantization)
Phuong phap LPQ duya trén tinh bat bién ddi v6i do md ctia thanh phan phd
pha trong biéu dién Fourier cta anh. Phuong phap nay st dung cac théng tin cuc
bo vé pha duoc trich Xuat béng cach st dung céc bién d6i DFT 2 chiéu, hay cu thé
hon, mot bién d6i Fourier “ngdn han” (short-term), ky hiéu 1a STFT, dugc tinh
trén mdt vung lan can kich thudc MxM ky hi¢u 1a N, tai mdi vi tri diém anh x cia

anh f(x) va dugc xac dinh boi cong thuec:

Fu,x) = Ypen, f(x —y)e 2y = wlf
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trong do w, 1a vector co s ctia bién do6i DFT 2 chiéu tai tan so u, va fi 1a mot

vector khac chira tit ca M? mau tir Ny.

C6 thé thay duogc tir cong thirc trén mot cach hiéu qua khac dé cai dat ky
thuat STET 14 sir dung cac phép nhan chép 2 chiéu f(x) * e 2% u'x y6i tAt ca cac
gia tri tan sb u. Vi cac ham co s& 1a 6 thé tich biét nén viée tinh toan cé thé duoc
thue hién hiéu qua hon nita bang cach st dung cac phép nhan chap 1 chiéu cho
cac hang va cac cot mot cach lién tiép.

Trong LPQ chi c¢6 4 hé sd phtc duge st dung twong tng voi 4 tan sb 2
chiéu 13 ur = [a, 0]", u2 = [0, a]™, uz =[a, a]" us = [a, -a]". trong d6 a 1a mot tin sb
vO hudng thoa man diéu kién bat bién véi d6 md cua anh.

Goi:

Ff = [F(uq,x), F(uy, x), F(us, x), F(uy, x)] , va
F, = [Re{F¢}, Im{F}] ,

v6i Re{.} va Im{.} 1a cac ham tra vé phan thuc va o ctia mot s phuc
tuong (mg. Ma tran bién doi co kich thudc 8xM? sé 1a:

W= [Re{wuli Wu2, Wu3, Wu4}: Im{wul' Wu2, Wu3, Wu4}]T :

Pé cac thudc tinh ciia phuong phap LPQ manh hon cho céac bai toan nhan
dang, mot qua trinh chuén hoa sé duoc su dung dé tach su tuong quan cua cac hé
s6 F, nhu sau:

G, = VTF,,
trong d6 V, mot ma tran truc giao, s€ dugc tinh béng cach stir dung mot bién
ddi SVD tir ma tran D nhu sau:
D = uzv’.
D 1a ma tran hiép phuong sai ctia cac hé s6 Fi va duoc tinh nhu sau:
D = WCWT,

trong d6 C, 1a ma tran hiép phuong sai kinh thuéc MxM ciia cac mau trong

Na, dugc tinh bang cong thirc sau:
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1 0-1,2 s 0-1,M2
o 1 we O 2
C — 2,1 2,M
0'M2,1 O-MZ,Z e 1

MJi phan tir ctia m tran C, dugc x4c dinh bang cong thirc o; i = p”xi ~xj]
(II. ]| 12 ky hiéu ctia ham chuan hoa Lz va p 1a hé s6 twong quan giita cac gia tri
diém anh lan cén khi gia st rang ham anh f{x) 1a két qua cua mot chudi Markov
bac 1 va phuong sai ctia mdi mau bang 1), chinh 1a hiép phuong sai giita hai vi tri
Xi va xj cua V.

Tur cac hé sb di duoc tach biét Gy, mot anh LPQ s& duge sinh bﬁng cach

lugng tir hda cac thanh phan cua né theo cong thirc:
LPQimage = Zgzl CIkzk_la

trong d6 gx 13 mot toan tir lwong tir hoa thue hién trén thanh phan tha k cua

G« theo cong thirc:

_ {1 néu g, = 0
U =10 néu ngwoc lai’

Hinh 2.6: Mt s6 anh LPQ thu dwoc tir cac todn tir LPQ.
Trén hinh 2.2 1a mot s6 anh LPQ thu dugce tir cac toan tir LPQ véi cac tham
s6 khéac nhau.
Tiép dén, tir anh LPQ nhan duoc, cac ving con khong giao nhau ctia anh

s€ duoc stir dung dé tinh céc histogram cuc bd. Cac histogram cuc bd s€ dugc ghép
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lai v6i nhau dé tao thanh vector LPQ cho anh input ban dau. Toan bd qua trinh

nay dugc minh hoat trong hinh sau:

J’ LPQ vector
“{T S Illlllll Illl-“
I T

N f

Input image LPQ image

Hinh 2.7: Cac buoc trong phwong phap trich chon dac trung LPQ.

Trong d@ tai ndy, cac anh mit trong hé thong (anh huin luyén, tham chiéu
va kiém thtr) déu duoc ap dung phuong phap LPQ dé biéu dién dudi dang cac
vector ddc trung va tién hanh nhan dang.

Vé mit chi tiét, phwong phap LPQ gém céc budc nhu sau:

Budc 1: Sinh cac nhan (kernels) twong tmg véi 4 tan sb str dung cac tham
s6 dau vao 1a kich thudc mot ctra s6 STFT (mdt s6 18) va so p.

Budc 2: Thuc hién 4 phép nhan chap anh input v6i1 4 nhan vura tao ra ¢ budce
1. Sau budc nay ta s& co 8 thanh phan (4 phan thuc va 4 phan 40) hé s6 cta bién
d6i STFT.

Buéc 3: Thuc hién chuan hoa 8 thanh phan nhan dugce & budce 3.

Budc 4: Lugng tir héa 8 thanh phﬁn & bude 3 dé nhan duoc mot anh LPQ.

Budc 5: Chia anh LPQ thanh céc vung con hinh chit nhat khong giao nhau

va tinh histogram cua cac vung con nay.

Budc 6: Ghép cac day histogram ctia cac vung con cua anh LPQ thanh mdt
vector duy nhét 1a biéu dién LPQ cho anh input ban dau.
5. B0 phan 16p k-NN

Pé xé4c dinh danh tinh ciia mot bire anh mit dwa vao nhén dang c6 thé sir
dung cac phuong phap phan 16p khac nhau. Trong dé tai ndy, chung t6i dé xuét
st dung bo phan 16p kNN (voi k=1) vi cac 1y do sau:
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+ kNN don gian va dé cai dat.

+ kNN cho ti I¢ nhan dang chép nhan duoc.

+ dir liéu danh cho viéc thtr nghiém 1a dir 1iéu thudc kiéu single sample per
person, nghia 1a méi ngudi chi c6 1 anh mat duy nhat trong tap tham chiéu nén

viéc st dung kNN (k=1) 1a phu hop.

+ kNN c¢6 tdc d6 thuc hién nhanh.

| A
- -
- -
+* ™
. n .
/ *
- A
# "
f )
! %
H 'H ‘
i \
i ]
! ]
! 1
! I
]

Hinh 2.8: Minh hoa bé phan l6p kNN

So véi cac phuong phap khac (chang han nhu SVM) kNN 1a mét bo phan
16p khéng c6 budc hoc (xem minh hoa ¢ hinh 2.7 ¢ trén). Khi can x4c dinh danh
tinh caa mot dbi tuong can nhan dang, kNN s€ tinh d0 tuong déng cua doi tuong
d6 so vai tat ca cac ddi tugng c6 trong tap tham chiéu va sap xép theo chiéu giam
dan cta d6 twong dong. Néu c6 d6i twong nao dé trong tap tham chiéu co (1 +k/2)
d6 twong dong nam trong sé k do twong dong 16n nhat ctia danh sach sap xép thi
ta s& gan nhan (danh tinh) cta ddi tugng d6 cho ddi tugng nhan dang.

Trong truong hop k=1, ta chi can tim ddi twong trong tap tham chiéu c6 do
tuong dong 16n nhit so voi ddi twong can nhan dang va gan danh tinh cta ddi

tuong do cho doi tuong can nhan dang.
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Do tuong dong ciia cac birc anh mit trong dé tai nay duoc tinh dua trén

khoang cach Chi Square giita cac vector LPQ biéu dién cho céc birc anh. Khoang
cach cang 16n tic 1a d6 twong déng cang nho.

Trong chuong ndy, cac chi tiét vé cac thuit toan duoc st dung cho hé thong
nhan dang mat tuy dong da dugc trinh bay. Trong chuong sau, dé tai & tap trung

vao cac van dé lién quan t61 viée cai dat, kieém thir hiéu ndng ctua hé thong.
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CHUONG 3:
XAY DUNG HE THONG

1. Thw vién OpenCYV va dlib

Pé cai dat hé thong, trong dé tai nay chiing toi lya chon ngdn ngit C++ voi
bd cong cu Visual Studio 2015 Update 2 va st dung hai thu vién méa ngudn mé 1a

OpenCV va dlib.

1.1. Thuw vién OpenCV

OpenCV Overview:> 500 functionsn

opencv.willowgarage.com

General Image Processing Functions .. Image Pyra:rmds
] I'.' R & o e A ey -
o] e T ST
* 7 | Descriptors e S
- E-I /_ .Y!._'Wkl'&q a r.l'_.’::ﬂl on object
P o | Camera
n \__ | Calibration,

e - S
a:.l-ﬁj.“'gté

- | Stereo, 3D

Utilities and
~ | Data Structures

Leaming
Detectlon

Hinh 3.1: Cdu tric ctia thw vién OpenCV.

OpenCV (http://opencv.org) 1a mot thu vién ma ngudn mo cai dit cac thuat
toan xtr Iy anh, thi giac mdy tinh va hoc may. OpenCV duoc viét bang ngdn ngir
C/C++ va co thé chay trén hau hét cic nén tang phan ctng (Intel, Mac, Raspberry
Pi, Adruno ..) va phan mém (Windows, Mac OS, Linux, i0S, Android). Cac ngon
ngir va cong cu 1ap trinh phd bién nhu Python, Java, Ruby, Matlab, Objective C,
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cling c6 thé dé dang sir dung OpenCV trong viée viét va trién khai cac Gmg dung

thuc té.

Ban dau thu vién OpenCV do hang Intel phat trién va béo tro (tir nhiing
nam cudi cua thé ky trudc — ban alpha dugce phat hanh chinh thic vao thang 2
nam 1999). Sau d6 Intel quyét dinh chuyén OpenCV thanh mét thur vién ma ngudn
mo va tir bo du an nay. Ngay nay OpenCV dugc phat trién va hd trg bai dong dao
cac nha phat trién, cdc nha nghién ciru trén toan thé gidi. Mdi ngay lai c6 mot ban
va 181 voi cac thuat toan méi duge thém vao. Phién ban méi nhat cua OpenCV la
3.1 va cong ty hi¢n dang bao trg cho OpenCV la mot cong ty cua Nga co tén la

Itseez.

Muc dich thiét ké cia OpenCV 1a nhim t6i cac tmg dung thoi gian thyc doi
hoi cac thao tac tinh todn phai hét stre hiéu qua vé téc do thuc hién nén cac ky
thuat tdi wu hoa dugc sir dung ¢ tat ca cac muc do: tir viée tn dung cac kién tric
da nhan cho t61 vi¢c su dung cac tap 1énh cia CPU maoi nhéit nhu SSE 2, AVX,
AVX 512 ... OpenCV ciing tan dung cac thu vién 1ap trinh song song mdi nhat
nhu TBB (Thread Building Blocks) cta Intel, OpenMP va nén tang CUDA cua

Nvidia dé co thé triét dé khai thac cac tai nguyén ctia hé théng ma no chay trén.

Mot muc tiéu quan trong ctia OpenCV 13 cung cip mot ha tang cac thuét
toan thi giac may tinh c6 giao dién don gian va dé dang st dung dé c6 thé trg gitip
cho céc 1ap trinh vién, cac nha nghién ctru nhanh chong xay dung dugc (hay hién
thuc hoa dugc cac y tuong cia ho) cac ing dung thuc té. Thu vién OpenCV hién
da c6 to1 hon 500 ham khac nhau trai dai tir cic ham x1r Iy anh co ban, giao di¢n,
phan doan anh, trich chon dic trung, hoc may cho t&i cac ham hd tro an toan bao
mat va robotics.

Trén thyuc té c6 kha nhiéu cac thu vién thi gidc may tinh va xir Iy anh (ma
nguén mé hodc thurong mai) khac nhung viée lira chon OpenCV trong dé tai 1a do
cac nguyén nhan sau:

+ OpenCV c¢6 hiéu ning cao. Do dugc toi vu ¢ nhiéu mic va str dung cac

thu vién t6t nhat (TBB va IPP) ctia hang Intel nén cac Gmg dung viét bang OpenCV
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cho tdc d6 thyc hién rat nhanh va tan dung duoc hét cac tai nguyén phan cimg cta

may tinh (chay song song).

+ OpenCV co6 nhiéu tai ligu ho trg va mot cong dong cac nha phat trién san
sang ho trg cac 161 dong ddo (answers.opencv.org). So voi cac thu vién khéc, hién
nay sO lugng cac sach va tai liéu tham khao viét vé OpenCV chi€ém uu thé vuot

troi veé so lugng va chat lugng.

+ Ch phép linh hoat va don gian, dé sir dung. O cac phién ban dau tién,
mudn st dung OpenCV, cac nha phat trién phai viét cac doan ma C dai dong va
kho nhd. Nhung hién tai, ¢t phap cia OpenCV di dugc cai tién rat nhiéu (do hoc
tap tir Matlab). Diéu nay lam giam dang ké cong strc cta cac lap trinh vién khi

khong can phai nhé cac ¢t phap phirc tap nhu trudc.

Vé mit cau trac, OpenCV 1a mot tap hop cac thu vién (xem thém & hinh

3.1), sau day 1a danh sach céc thu vién cot 16i:

+ core: thu vién con chira tat ca cac ki€u dir li€u co sé va cac ham thuc hién

cac thao tac co so.

+ imgproc: thu vién xur Iy anh chtra cac thao tac xir Iy anh co ban, ching

han nhu céc phép nhan chép va céac bd loc khong gian.

+ highgui: thu vién chtra cadc ham hd trg giao dién dd hoa chéng han nhu

viéc hién thi cac anh hoac nhén cac dit li¢u input don gian.

+ video: thu vién chira cac ham thuc hién viéc doc dir li€u, ghi dir liu doi

vo1 cac file video.

+ features2d: céac thuat todn phat hién, mo ta va ddi sanh cac diém bt bién

(keypoints).

+ objdetect: thu vién chira c4c thuat toan dé phat hién cac ddi tuong dac thu
chang han nhu mit nguoi hodc ngudi di bd. Ching ta cling c6 thé sir dung thu
vién nay dé xay dung cac bd huan luyén dé phat hién cac d6i tuong khac trong

cac tng dung cy thé.
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+ ml: thu vién cac thuat toan hoc may duoc cai dat dé co thé lam viéc mot

cach linh hoat va hi€u qua vdéi cac kiéu dir liéu cia OpenCV.

+ gpu: chira cac cai dit sir dung nén tang CUDA cua Nvidia dé tdn dung
strc manh cua cac chip dd hoa GPU nham tang tdc do thuc hién cho cac thuét toan
doi hoi s6 thao tac xur 1y 16m.

+ nonfree: chira cai dat cua cac thuat toan dugc bao vé bdi cac béng sang
ché hoic co cac diéu kién han ché trong céc tinh hudng sir dung cu thé (mién phi
cho cac ing dung gidao duc va nghién ctru nhung phai trd phi cho cac tng dung
mang tinh thuong mai, chang han nhu thuat toan SIFT hoic SURF).

+ contrib: chira cac cai dit cta cac thuit toan méi nhét, dang dya xem xét
dé chinh thirc dua vao OpenCV.

+ ocl: 1a mot thu vién moi chira cai dat ctia cac thuat toan st dung nén tang
OpenCL nham khai thac cac kién triic khong dong nhat ctia hé thong phan cting
trong céac thao tac tinh toan doi hoi s6 phép tinh rat 1on.

Trong dé tai nay, OpenCV duogc su dung cho cac thao tac doc, xir Iy anh co
ban, phﬁn cai dat thuat toan LPQ, Retina filter dugc thuc hién trén cac ddi tuong

ma tran diém anh ctia 16p Mat (Matrix).

1.2. Thwr vién dlib

Classification Data Transformations

[Hib C++ Library

Machine Learning Guide

Structured Prediction

Predicting the labels
of neges in s graph?

structural_graph_labeling_trainer

& you trying 1o make:
= BIO or BILOU tagger?

structural_sequence_labeling_irsiner

Markov Random Fields

Clustering Regression
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Hinh 3.2: Céu tric ciia thw vién dlib.

Ngoai thu vién OpenCV, ching t6i con st dung dlib (http://dlib.net), mot

thu vién ma nguén mé khac cho viéc cai dat hé théng. Khac vé1 muc dich cua
OpenCV 1a cung cap mot ha ting thuat toan cho cac tng dung xir Iy anh va thi
gidc may tinh, dlib duoc thiét ké cho cac ung dung hoc may va tri tu¢ nhan tao

v&1 cac thu vién con chinh sau:

+ classification: cac k¥ thuat phan 16p cha yéu dua trén hai phuong phap
co so 1a kNN va SVM.

+ data transformation: cac thuat toan bién d6i dit liéu nham giam sb chiéu,
loai bo cac dir li¢u du thura va tdng cudng tinh khac biét (discriminant) cua céac
dic diém duoc gifr lai.

+ clustering: cac k¥ thuat phan cum.

+ regression: cac k¥ thuat hoi qui

+ structured prediction: cac thuat toan du doan co cAu tric

+ Markov Random Fields: cac thuat toan duya trén cac truong Markov ngau
nhién.

Cu thé trong dé tai ndy, phan phat hién va cin chinh anh mat nguoi mot
cach tu dong s€ duogc cai dat béng cach sur dung thu vién dlib vai dir li€u huin

luyén di dugc cung cép trudc.

Doan ma phat hi€én mat ngudi va can chinh cy thé nhu sau:
#include <dlib/image processing/frontal face detector.h>
#include <dlib/image processing/render face detections.h>
#include <dlib/image processing.h>
#include <dlib/gui_widgets.h>
#include <dlib/image i10.h>

#include <iostream>
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using namespace dlib;
int main(int argc, char** argv)
{

try

if (argc == 1)
{
cout << "Error while loading files for face detection." << endl;

return O;

// ' Use a face detector to detect faces in input image and draw bounds

// for every face in the given image.

frontal face detector detector = get frontal face detector();

/I Loading a shape predictor for detecting landmark positions for each face
// region inside the input image.

shape predictor sp;

deserialize(argv[1]) >> sp;

image window win, win_faces;
// make an iteration for every input image
for (int i = 2; 1 < argc; ++1)

{
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cout << "processing image " << argv[i] << endl;

array2d<rgb pixel> img;
load_image(img, argv[i]);
// To detect small faces, we enlarge the input image

pyramid_up(img);

// get and process the list of detected faces.
// make boudary around each face
std::vector<rectangle> dets = detector(img);

cout << "Number of faces detected: " << dets.size() << end];

// Now we will go ask the shape predictor to tell us the pose of

// each face we detected.

std::vector<full object detection> shapes;

for (unsigned long j = 0; j < dets.size(); +1j)

{
full object detection shape = sp(img, dets[j]);
cout << "number of parts: "<< shape.num_parts() << endl;
cout << "pixel position of first part: " << shape.part(0) << endl;
cout << "pixel position of second part: " << shape.part(1) << end];
// You get the idea, you can get all the face part locations if
// you want them. Here we just store them in shapes so we can
// put them on the screen.

shapes.push_back(shape);
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h

// display face on the output screen

win.clear overlay();

win.set_image(img);

win.add overlay(render face detections(shapes));

// extract each face and frontalize it

dlib::array<array2d<rgb pixel> > face chips;
extract image chips(img, get face chip details(shapes), face chips);

win_faces.set image(tile images(face chips));

cout << "Press enter for processing the next image..." << endl,

cin.get();

}

catch (exception& e)
{
cout << "\nError!" << endl;

cout << e.what() << endl;

b
2. Dix liéu va giao thirc danh gia hiéu ning ciia hé thong

Pé danh gia hiéu nang (ti 1é nhan dang) cta hé thong, trong dé tai nay chung
to1 st dung co s¢ dir liéu anh mat FERET [11], mét trong nhiing co s& dit liéu

cong cong duogc sir dung rong rai nhat trén thé gidi cho bai toan nhan dang mat.
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(b) Fb

o N )
(c) Fc (d) Dupl (e) Dup2

Hinh 3.3: Mét s6 anh mdt nguoi tir co sé dir liéu FERET.

Vi s6 anh mit cia hon 1000 nguoi duge thu nhan ¢ cac diéu kién khéc
nhau, FERET c6 nam tdp anh mit ngudi ¢ goc nhin thang (frontal face images)
duoc dit tén lan luot 1a Fa (hinh 3.3-a), Fb (hinh 3.3-b), Fc (hinh 3.3-c), Dup 1
(hinh 3.3-d) va Dup 2 (hinh 3.3-¢). Tap Fa gébm 1196 anh duoc st dung 1am tap
tham chiéu. Céc tap Fb, Fc, Dup 1 va Dup 2 duoc dung 1am cac tap kiém tht va
gom c6 1an lugt 1195, 194, 722 va 234 anh cta cac d6i tugng khac nhau. Cac anh
cua tap Fb duogc thu nhan véi céac biéu hién khéac nhau cua khudn mat trong khi
cac anh cua tap Fc duoc chup ¢ cac diéu kién anh sang khac nhau. Cac anh trong
tap Dup 1 va Dup 2 dugc chup sau cic anh trong tap Fa cac khoang thoi gian 1an
lugtla 1 va 2 nam. Trong s6 4 tap anh test, hai tap Dup 1 va Dup 2 1a kho nhét vi
ching twong ung véi cac thay doi ctia anh khudn mit khi bi tac dong boi yéu td

thoi gian, mot trong nhitng thach thirc 16n nhét ctia nhan dang mit ngudi.

Trong dé tai ndy, chiing t6i sir dung giao thirc chudn cta co s dit liéu anh
FERET va so sanh két qua véi cac cong bd gan day nhat trén ciing bo dir liéu. Cac
anh sau khi dugc can chinh qua budc phat hién mat tu dong sé duogc diéu chinh
vé kich thudc 128x128 va dugc chuan hoa anh sang bang bo loc Retina filter. Tiép
dén ching s& duoc biéu dién thanh cac vector dic trung LPQ bang cach ap dung

k¥ thuat LPQ duoc trinh bay trong chuong 2. Cudi cting bd phan 16p kNN s& duoc
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stt dung dé dua ra dinh danh tuong tmg cta anh can nhin dang. Ti 1& nhan dang

duoc tinh bang s6 anh nhan dang dang trén tong s6 anh can nhan dang va so sanh
v6i két qua cua cac phuong phap lién quan.
3. Két qua nhéan dang

Két qua phat hién mit nguoi: sit dung cac dic trung HOG, chuong trinh
da phat hién duoc anh mat trong tat ca anh dir liéu cua ca nam tap anh cua co so

dir liéu FERET. Trong hinh sau 1a mot sb két qua tiéu biéu:

Hinh 3.4: Mt s6 két qud vé phat hién mdt nguoi trong CSDL FERET.

Két qua nhin dang: Két qua nhan dang cta hé théng dugc so sanh véi két

qua cua cac phuong phap khac trong bang 3.1.

Method Fb Fe Dupl Dup?2 Avg
LBP[12] 97.0 79.0 66.0 640 827
LGBPHS[13] 98.0 97.0 74.0 71.0 878
GEWC[14] 96.3 99.5 78.8 77.8 893

H¢ thong dé xuat  96.3 98.5 79.4 78.6  89.5
LPQ 97.7 97.9 79.5 78.6  90.2
G-LQP[15] 99.9 100 93.2 91.0  97.0
MBC-F[16] 99.7 99.5 93.6 915  97.0
SLK-RKR[17] 99.7 99.5 96.3 944 981

Bdng 3.1: So sanh ti 16 nhdn dang ciia hé thong dé xudt véi cdc két qua da cong

b6 khdc.
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Két luan dau tién co thé rat ra tir bang so sanh 3.1 1 hé thong nhan dang

mat ty dong ma dé tai xay dung c6 hiéu nang kha tot so véi hé théng ban tu dong
(v61 budce phat hién va can chinh &nh mat dugc thyc hién thu cong dya trén céc

toa d0 mit cta ngudi — dong cé tiéu dé LPQ).

Xét vé anh hudng cua cac diéu kién khac nhau, c6 thé thiy trong bang 3.1
hé théng dé xuat lam viéc tdt v4i cac anh trong tap Fb va Fc nhung ti 1¢ nhan dang
dbi v6i cac tap Dup 1 va Dup 2 chua tbt 1am. Diéu ndy chtng té hé thong co thé
lam viéc tot ddi véi cac thay ddi vé cam xuc khudn mit va anh sang nhung chua
giai quyét dugc van dé vé thoi gian. So sanh voi mot sé phuong phap ban ty dong

d3 cong b, két qua cua hé thong cao hon (trong cac bai bao [12] - [14]).

Ciing tir bang so sanh 3.1 ta ciing c6 thé quan sat duoc rang khi so sanh véi
cac hé thong nhan dang mat hang dau ([15]-[17], déu 14 ban ty dong) thi hé thong
dé xuat c6 két qua thua kém kha xa. Piéu nay 1a hop 1y vi cac hé thong hang dau

dé duoc xay dung dya trén 2 ky thuat quan trong khac:

+ Phuong phap trich xuat dic trung st dung cac anh da phan giai
(multiresolution) hodc da ti 1& (multiscale) nén s& cho mét biéu dién mit c6 tinh
dic trung cao hon, dan t6i két qua nhan dang tot hon.

+ Cac hé théng nay déu st dung mdt ky thuat hoc dé giam s6 chiéu, loai bo
thong tin du thtira trong cac vector dac trung nén ti 1€ nhan dang cao hon hé¢ théng

ma dé tai xay dung.
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KET LUAN

Bai toan nhan dang mit nguoi tu dong 13 mot bai toan con nhiéu thach thirc,
dac biét 1a trong cac diéu kién anh mat bi tac dong boi cac yéu td nhu anh sang,
thoi gian, hudéng ... Trong dé tai nay, mot hé théng nhan dang mat ty dong da
duoc dé xuat, xdy dung va danh gia hiéu nang ddi v6i co sé dit liéu anh mit nguoi

FERET.

Hé thong dé xuat st dung cac dic trung HOG cho buéc phat hién mit ngudi
trong anh input. Ky thuat Retinal filter dugc sir dung dé chuan héa anh sang cho
cac anh da duoc can chinh nhim giam cic anh hudng xau cua anh sang. O budc
trich chon dic trung, phuong phap LPQ dugc sir dung dé trich xuét cac dic trung
quan trong nhat cho viéc nhan dang. Cudi cing bo phan 16p kNN va ham Chi

Square dugc dung dé x4c dinh danh tinh cho buc anh can nhan dang.

Cac két qua so sanh cho thay hé thong dé xuat cho két qua kha t6t dbi véi
cac anh c6 huéng thang. Tuy nhién so voi cac hé thdng ban tu dong sir dung céac
toa do ctia mat (dugc xac dinh mdt cach tha cong) thi ti I¢ nhan dang ctia hé théng
van con chua bang. Piéu nay khéng qua kho hiéu vi d6i v4i cac hé thong ban tu
dong, cac burc anh dugc can chinh tdt hon va do d6 sé cho ti 1& nhan dang cao hon

so voi mot h¢ thong ty dong hoan toan.

Trong tuong lai, cac tac gia mong mudn thir nghiém hé théng vai cac bd
dir li¢u dugce thu nhan trong cac diéu kién khong co kiém soat (Vé anh sang, cam
xuc cua khuén mat, huong ...) dé danh gid dugc chinh x4c hon hi€u nang cua hé
thdng trong céac tinh hudng khac nhau. Mot hudng phat trién nita ctia dé tai 1a ap
dung mot thuat toan gidm sb chiéu sau budc trich chon dic diém dé c6 thé giam
s6 chiu cua cac vector dic diém Xuéng nham dat duoc tdc dd nhan dang nhanh
hon va co thé cho ti 18 nhan dang tdt hon.

Mot hudng khac cé thé gitp cai thién hiéu ning nhan dang cho hé thong 13
ap dung cac phuong phap két hop LPQ véi cac dic trung khac nhau Local Binary
Patterns hoac 4p dung LPQ vé&i cac phép phan tich hinh anh da phan giai (multi
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resolution) hodc da ti 16 (Multiscale) nhu cac phép bién d6i Gabor wavelets, Log

Gabor wavelets hoac Monogenic Filter.
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