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PHAN MO DAU

Cong nghé thong tin dang duoc tmg dung trong moi linh vyc cua cudc
séng. V61 mot hé thé)ng may tinh, chiing ta co thé 1am duoc rat nhiéu viéc, tiét
kién thoi gian va cong stc. Dién hinh nhu céng viéc nhan dang mit ngudi.
Ngay xua, mudn tim kiém mot ké tinh nghi trong siéu thi hay san bay, cac
nhan vién an ninh phai tim kiém trén timg man hinh camera theo ddi. Ngay
nay, cong viéc déy da duoc lam tu dong nho cac hé théng nhan dang mat
ngudi. Phat hién mdt nguoi trong anh 1a mot phan quan trong ctia hé thong
nhan dang mit ngudi do, giai quyét tét viéc phat hién mat nguoi sé gitp tiét
kiém thoi gian va nang cao do chinh xac cua viéc nhan dang khuon mat.

Phat hién mat nguoi cling 1a mgt bai toan nhan dang don gian, hé théng
chi can phan loai d6i twong dua vao c6 phai mit nguoi hay khong phai mit
nguoi. O muc do cao hon, sau khi da phat hién dugc khuén mat, cac khuon
mat do s€ dugc so sanh vdi cdc khuén mat co trong dir licu dé nhan dang xem
khuoén mat day 1a cua ai (thuong ap dung trong nhan dang khudén mit cua

ngudi ndi tiéng hodc cua téi pham dang bi truy ni).

Véi muc tiéu chinh 13 tim hiéu dic trung haar-like, mé hinh Cascade of

Classifiers, ddng thoi 4p dung vao bai toan phat hién mit ngudi trong anh.
Noi dung d6 an bao gdm:
Chuwong 1: Tong quan vé phat hién khudn mit.
Chuong 2: Phat hién khuon mat sir dung dac trung Haar.
Chwong 3: Thuwe nghiém phat hién khuon mat.
Phan két luan.

Tai liéu tham khao.
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CHUONG 1: TONG QUAN VE PHAT HIEN KHUON MAT.
1.1 Gidi thiéu phat hién khuoén mat

Trong nhirg nim gan day, cé rat nhiéu coéng trinh nghién ctru vé bai
todn xac dinh khuén mat nguoi tir anh den tréng, xam dén anh mau. Ban dau
chi 12 nhiing bai toan don gian, mdi anh chi c6 mot khudén mit nhin thang va
dau ludn phai & tu thé thang dung trong anh den trang, khong dap tmg duoc
nhu ciu ngdy cang cao trong cudc séng, khoa hoc ngay nay. Vi thé da co
nhung cai tién nghién ctru vé bai toan phat hién khuén mat nguoi trong nhiing
moi trudng phuc tap hon, c6 nhiéu khuén mit nguoi trong anh hon, va co

nhiéu tu thé thay d6i trong anh.

Xac dinh khuén mat nguoi 1a mot ky thuat dé xac dinh vi tri va kich
thudc khudén mit ngudi trong cic anh bat ky. Ky thuat ndy nhan biét vé cac
dac trung ctia khuoén mat va bo qua nhirng thir khac.

Tong quan kién tric cia mot hé thong nhian dang mit nguoi

Mot hé thdng nhan dang mit nguoi thong thuong bao gdm bén bude xir
Iy sau: phat hién khuon mat (face detection), phan doan khudon mat (face

alignment hay segmentation), rat trich ddc trung (feature extraction), va phan

16p khuon mat (face classification).

Vitri

H - <A - .. | Phan doan
%Al]h/“ ideo Eﬁs;ﬂﬁ%l Kkhuon mit khuén mat
Khuén mat da
dwoce phin doan
Vecto Chi s
Rut chich dictnmg | Phanlép | khuon mit
déc trung khuén mit

Hinh 1-1: Cac budc chinh trong mdt hé théng nhan dang mat nguoi
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Phat hién khuén mat do tim va dinh vi nhiing vi tri khudng mat xuét hién
trong anh hodc trén cac frame video. Phan doan khuon mat s€ xac dinh vi tri
mat miii, miéng, 1 cac thanh phan khac cia khudn mit va chuyén két qua nay
cho buéc rut trich dic trung. Tir nhimg thong tin vé cac thanh phan trén
khuon mit, ching ta c6 thé d& dang tinh dugc véc-to dic trung trong bude rat
trich dic trung. Nhitng véc-to dic trung nay s& 1a dir liéu dau vao cho mot méo
hinh d3 duoc huin luyén trudc dé phan loai khuén mat. Bén canh nhiing budc
chinh néu trén, chung ta con c6 thé ap dung thém mot s6 bude khac nhu tién
xu 1y, hau xu ly nham lam tang d0 chinh xac cho h¢ théng. Do mdt sb thong
sb6 nhu: tu thé khuon mat, do sang, diéu kién anh sang, v.v , phat hi¢n khuon
mit duge danh gia 1a budce kho khin va quan trong nhat so véi cac budce con
lai ciia hé théng. Trong luan vin ndy, em tip trung chu yéu vao budc phat
hién khu6n mat.

1.2 Cac huéng tiép cin trong phat hién khudén mit

C6 nhiéu nghién ctru tim ra phuong phéap xac dinh khudn mit ngudi, tir

anh xam dén ngdy nay 1a 4anh mau. Dya vao tinh chit cua cic phuong phap

nay thanh bén hudng tiép can chinh:

o Hudéng tiép cin dwa trén tri thirc: Ma hoa cac hiéu biét cta con
nguoi vé cac loai khudén mit ngudi thanh cac luat. Théng thuong

cac luat mo ta quan h¢ cua cac dac trung.

e Huéng tiép cin dua trén diic trung khong thay déi: Muc tiéu
cac thuat toan di tim cac dac trung mo ta cdu tric khudn mat
ngudi ma cac dic trung ndy sé khong thay d6i khi tu thé khuodn
mit, vi tri dat thiéu bi thu hinh hodc diéu kién anh sang thay doi.

e Huwéng tiép cin duwa trén so khép miu: Dung cac miu chuan
ctiia khuén mit ngudi(cac miu nay duge chon lya va luu trir) dé

mo ta cho khuon mat ngudi hay cac dac trung khuén mat(cac mau
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Xay dung trng dung phat hién khuan mat trong anh stir dung OpenCV

nay phai chon lam sao cho tach bi¢t nhau theo ti€u chuan ma cac

tac gia dinh ra dé so sanh).

e Huwéng tiép cin dua trén dién mao: Trai ngugc han so khép
mau, cac md hinh hoc & day dugc hoc tir 1 tip anh huin luyén cho
trudc. Sau do hé théng s€ xac dinh khuon mat nguodi. Mot sb tac
gia con goi hudng tiép can nay 1a hudng tiép can theo phuong
phap hoc.

1.2.1 Hwoéng tiép can dua trén tri thirc

Trong hudéng tiép can nay, cac luat s¢ phu thudc rat hon vao tri thic cia
nhitng tac gia nghién ctu vé bai toan xac dinh khuén mit nguoi. Pay 13
huéng tiép can top-down. D& dang xay dung cac luat co ban dé mo ta cac dic
trung cua khuon mét va cac quan h¢ tuong ing, Vi dy, mdt khudén mat thuong
c6 hai doi mat d6i ximg nhau qua truc thang dung & gitta khuén mat va co
mot mili, mOt miéng. Cac quan hé cua cac dac trung cod thé dugc mé ta nhu
quan hé vé khoang cach va vi tri. Thong thuong cac tac gia sé trich dic trung
ctia khudn mait trude tién dé co thé duge cac ung vién, sau do cac tng vién
nay s& duoc xac dinh thong qua cac luat dé biét tng vién nao 1a khudn mit va
ung vién nao khong phai 1a khuén mit,

Mot van dé kha phire tap khi dung hudng tiép can nay 1a 1am sao chuyén
tir tri thirc con ngudi sang cic luat mot cach hiéu qua. Néu cac luat nay qua
chi tiét nhitng khuén mit(chit ché) thi khi xac dinh c6 thé xac dinh thiéu cac
khudn mit c¢é trong anh, vi nhitng khuén mat nay khong thé théa man tat ca
cac luat dua ra, Nhung cac luat tong quat ¢ thé ching ta s& xac dinh 1am mot
vung nao d6 khong phai 1a khuén méat ma lai x4c dinh 1a khuén mat. Va cling
kho khin khi ciAn mo rong yéu cau cta bai toan dé xac dinh cac khudén mit c6

nhiéu tu thé khac nhau.
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Xay dung trng dung phat hién khuan mat trong anh stir dung OpenCV

Hinh 1-2: (a) Anh ban dau c6 do phéan giai n = 1; (b), (c), va (d) Anh c6 do
phan gidin =4, 8§, 16.

Yang va Huang dung phuong thirc theo hudng tiép can nay dé xac dinh
cac khuon mit. Hé théng cua hai tac gia ndy bao gébm ba mirc luat. O mirc cao
nhat, dung mot khung cira s6 quét trén anh va thong qua mot tap luat dé tim
cac rng vién c6 thé 1a khudn mit. O mirc ké tiép, hai 6ng dung mot tap luat dé
mo ta téng quat hinh dang khuon mat. O muc con lai dung mot tap luat khac
dé xem xét & mirc chi tiét cac dic trung khudén mit, Mot hé thong da do phan
giai c¢6 thu ty duge dung dé xac dinh, (Hinh 1.1). Céc luat & mic cao nhat dé
tim Ung vién nhu: “Vung trung tim khudn mat ( phan t6i hon trong hinh 1.2)
c¢6 bon phan véi mot muce do déu co ban”, “phan xung quanh bén trén ciia mot
khuon mit( phan sang hon trong hinh 1.2) c6 mdt mic do déu co ban”. va
“mic d6 khac nhau giita cac gid tri xam trung binh cta phan trung tim va
phan bao bén trén 1a dang ké”. O muc hai, xem xét biéu dd cta cac ung vién
dé loai b6t tng vién khong phai 1a khuon mit, dong thoi do ra canh bao xung
quanh tng vién. O muc cudi cung, nhitng tmg vién nao con lai s& dugc xem
x¢€t cac dac trung cia khuon mat vé mét va mién. Hai ong da dung mot chién
lugc “ tir tho dén min” hay “Lam rd dan” dé giam sb luong tinh toan trong xir
ly, Mic du ty 1& chinh x4c chua cao, nhung day 1a tién dé cho nhiéu nghién

clru sau nay.
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Xay dung trng dung phat hién khuan mat trong anh stir dung OpenCV

Hinh 1-3: Mét loai tri thirc cia nguoi nghién ctru phan tich trén khuon mat.

Kotropoulos va Pitas dua ra mot phuong phap dung trén d0 phan giai
thap. Hai ong dung phuong phap chiéu dé xac dinh cac dic trung khudén mat.
Kanade d thanh cong véi phuong phap chiéu dé xac dinh bién cta khudn
mat. V6i I(x,y) 1a gia trj xam ctia mot diém trong anh c6 kich thudc m x n iwr
tai vi tri (x,y), cac ham dé chiéu anh theo phuong ngang va thang dung duoc

dinh nghia nhu sau:

HIG)= w1 1(%, y) va VI(Y)=D mct 1(X, ) (1-1)

Hinh 1-4: Phuong phép chiéu
(a) Anh chi c6 mot khudén mat va hinh nén don gian;

(b) Anh chi c6 mot khuon mit va hinh nén phire tap;
(c) Anh c6 nhiéu khuén mat
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Xay dung trng dung phat hién khuan mat trong anh stir dung OpenCV

Dua trén bién dd chiéu hinh ngang, c6 hau cuc tiéu cuc bo khi hai ong
xét qua trinh thay doi d6 déc HI, d6 chinh 1a canh bén trai va phai cia hai bén
dau. Tuong ty v6i hinh chiéu doc VI, céc cuc tiéu cuc bod cling cho ta biét vi
tri miéng, dinh mii, va hai mit. Céc dic trung nay du dé xac dinh khudn mat.
Hinh 1.4.a 12 mdt vi du cua cach xac dinh trén. Cach xach dinh nay co6 ty 1€
xac dinh chinh xac 86,5% cho trudng hop chi c6 mot khudn mit thang trong
anh va hinh nén khong phuc tap. Néu hinh nén phic tap thi rat kho tim, nhu 1a
hinh 1.4.b. Néu anh c6 nhiéu khudén mit thi s& khong xac dinh dugc, hinh
1.4.c.

Xac dinh mét ::::‘;"i ;
\ ,-—' -5
Dit liu vaog™| 2 '*L_ﬂ’_ - j‘l | Ditigu ot
s ‘,-\ |26 KJ l"‘ ‘; T | =
S I e N
o | gl Ml ¥ B! :’
Xac dinh mid, o e > =T F = s

Hinh 1-5: Chiéu timg phan mg vién dé xac dinh khudn mit.

Mateos va Chicote dung két cdu dé x4c dinh ung vién trong anh mau.
Sau d6 phan tich hinh dang, kich thudc, thanh phan khuén miat dé xac dinh
khudn mit, hai ong trich cic g vién cia ting thanh phan khudén mat, sau d6
chiéu timg phan nay dé xac thuc d6 c6 phai 1a thanh phan khudn mit hay
khong. Ty 1€ chinh x4c hon 87%.

Berbar két hop mo hinh mau da ngudi va xac dinh canh dé tin tng vién
khuon mit nguoi. Sau d6 két hop cac dic trung va phuong phéap chiéu cac
ung vién khuon mat xuéng hé truc toa d6 dé xac dinh ung vién nao thyc su la
khuoén mat.

1.2.2 Huwéng tiép can dua trén dic trung khong doi.

Pay 14 huéng tiép can thiéu kiéu bottom-up. Céc tac gia cb gang tim cac

dic trung khong thay d6i ciia khuon mit ngudi dé xac dinh khudn mit ngudi.

Dua trén nhan xét thuc té: con nguoi dé dang nhéan biét cac khudn mat trong
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cac tu thé khac nhau va diéu kién anh sang khac nhau. Do d6 khudén mit phai
¢ cac thudc tinh hay dic trung khong thay d6i. Theo nhiéu nghién ctru thi
ban dau phai xac dinh cac dac trung khuon mat roi chi ¢6 khuon mit trong
anh hay khong. Cac dic trung nhu: 16ng may, mat, mili, miéng, va dudng vién
ctia toc duge trich bang phuong phap xac dinh canh. Trén co s cac dic trung
nay, xay dung mot mé hinh thong ké dé mé ta quan hé cua cac dic trung nay
va xac dinh sy ton tai cua khudn mat trong anh. Mot van dé cua cac thuat toan
theo hudng tiép can dic trung can phai diéu chinh cho phu hop diéu kién anh
sang, nhiéu, va bi che khuét. Doi khi bong cua khudén mat sé tao theo canh
mo1, ma canh nay lai rd hon canh thuc sy cia khuon mat, vi thé néu dung

canh dé xac dinh s€ gap kho khan.

1.2.2.1 Cac dac trung khuén mat

Sirohey dua mdt phuong phap xac dinh khudon mat tor mot anh co
hinhnén phuc tap. Phuong phap dua trén canh (dung phwong phap Candy
vaheuristics dé loai bé cac canh dé con lai duy nhat mét duong bao xung
quanhkhu6n mat. Mot hinh ellipse dung dé bao khudn mit, tach biét vang dau
vahinh nén. Ty 1¢ chinh x4c cua thut toan 13 80%. Ciing dung phuong phap
canh nhu Sirohey, Chetverikov va Lerch dung mot phuong phéap dua trén blob
va streak (hinh dang giot nudc va soc xen k&), dé xac dinh theo hudng cac
canh. Hai 6ng dung hai blob t6i va ba blob sang dé mo ta hai mat, hai bén go
ma, va mili.

Mo hinh nay dung céc treak ¢¢ mo ta hinh dang ngoai cta khudn mat,
16ng may, va moi. Dung anh c6 d6 phan giai thap theo bién doi laplace dé xac
dinh khuén mat thong qua blob. Graf dua ra mdt phuong phap xac dinh dac
trung roi xac dinh khuén mit trong anh xam. Dung bo loc dé lam ndi cac
bién, cac phép toan hinh thai hoc(morphology) dugc dung dé 1am noi bat cac
ving c6 cudng dd cao va hinh dang chic chin (nhu mét). Thong qua

histogram dé tim cac dinh n6i bat d€ xac dinh cac ngudong chuyén anh xam
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thanh hai anh nhi phan. Céc thanh phan dinh nhau déu xuét hién trong hai anh
nhi phan thi dugc xem 13 viing cuia tmg vién khuoén mit roi phan loai xem c6
phai 14 khuon mit khong. Phuong phap duogc kiém tra trén cac anh chi c6 dau
va vai cia nguoi. Tuy nhién con c6 mot vin dé ¢ day 1a 1am sao dé sir dung
cac phép toan morphology va lam sao xac dinh khuén mat trén cac viung Gng
vién.
1.2.2.2 Pic trung két cau

Khuén mit con nguoi co nhitng két cau riéng biét ma co thé dung dé
phan loai so v6i cac ddi tuong khac. Augusteijn va Skufca cho rang hinh dang
ctia khuon mit dung lam két cau phan loai, goi 13 két cAu giéng khudn mit
(face-like texture). Co ba loai dac trung dugc xem xét: mau da, toc, va nhirng
thr khac. Hai 6ng dung mang no-ron vé mdi twong quan cascade cho phan
loai c6 giam sat cac két cAu va mot anh xa dic trung ty tO chirc Kohonen dé
gom nhom cac 16p két cau khac nhau. Hai tac gia dé xuat dung phuong phap
bau cir khi khong quyét dinh dugc két ciu dua vao 13 két cAu cua da hay két
cdu cua toc. Dai va Nakano dung m6 hinh SGLD dé xac dinh khudén mit
nguoi. Thong tin mau sic dugc két hop véi mé hinh két cau khuon mat. Hai
tac gid xay dung thuat giai xac dinh khuon mat trong khong gian mau, vdi cac

phan tya mau cam dé xac dinh cac vung c6 thé 1a khuon mat nguoi.

Mot thuan loi ciia phuong phap nay 13 ¢6 thé xac dinh khuén mit khong
chi chup thang va c6 thé c6 rau va co kinh. Mark va Andrew dung phéan b
mau da va thudt toan DoG (Difference of Gauss) dé tim cac ting vién, rdi xac
thuc béng mot hé théng hoc két cAu cua khudén mit. Manian va Ross dung
bién ddi wavelet dé xay dung tap dir liéu két cdu ctia khudn mit trong anh
xam thong qua nhiéu do phan giai khac nhau két hop xac suét thong ké dé xac
dinh khudn mit ngudi. Mdi mau sé c6 chin dic trung. Ty 1& chinh xéc 1a 87%,

ty 1€ xac dinh sai 1a 18%.
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1.2.2.3 Pic trung sic mau cia da

Thong thudng cac anh mau khong xéac dinh truc tiép trén toan bo dit lidu
anh ma cac tac gia dung tinh chat sic mau cua da ngudi (khudn mit nguoi) dé
chon ra dugc céc tmg vién c6 thé 1a khudén mit ngudi (lac nay dit liéu di thu
hep dang ké) dé xac dinh khudn mit ngudi.
1.2.2.4 Pa dac trung

Gan day c6 nhiéu nghién ctru str dung cac dic trung toan cuc (tong quat)
nhu: mau da nguoi, kich thudc, va hinh dang dé tim cac ung vién khuon mat,
101 sau d6 s& xac dinh ung vién nao l1a khudén mat thong qua cac dic trung cuc
bo (chi tiét) nhu: mat, long may, miii, miéng, va toc. Tuy mdi tac gia s€ su
dung tap dac trung khic nhau. Yachida dua ra mdt phuong phép xéc dinh
khuon mit nguoi trong anh mau bang 1y thuyét logic mo.

Ong dung hai md hinh md dé mo ta phan bd mau da ngudi va mau toc
trong khong gian mau CIE XYZ. Nam mé hinh hinh dang cta dau (mot thang
va bdn xoay xung quanh) dé mo ta hinh dang cta mit trong anh. Mdi mé hinh
hinh dang 13 mot mau 2-chiéu bao gém cac 6 vudng c6 kich thude mxn, mdi 6
c6 thé chtra nhiéu hon mot diém anh. Hai thudc tinh duoc gan cho mdi 6 1a: ty
1€ mau da va ty 1€ toc, chi ra ty 1€ di¢n tich vung da (t6c) trong 6 so vo1 dién
tich cua 6. Mdi diém anh s& dugc phan loai thanh téc, khuon mat, toc/khudén
mit, va toc/nén trén co s phan bd ciia md hinh, theo cach do6 s& c6 duoc cac
ving giéng khudén mit va giong téc. M6 hinh hinh dang ciia dau sé& duoc so
sanh v&i viing giéng khuon mat va giéng toc. Néu tuong tu, ving dang xét s&
tré thanh tng vién khuon mat, sau d6 dung céc dic trung matlong may va

mili-mi¢ng dé xac dinh ing vién nao s€ 1a khuén mat that su.

Sobottka va Pitas dung cac dic trung vé hinh dang va mau sic dé xac
dinh khudén mit ngudi. Dung mot ngudng dé phan doan trong khong gian mau
HSV dé xac dinh cac ving c6 thé 1a mau da nguoi (ving gidng mau da

ngudi). Cac thanh phan dinh nhau s& dugc xac dinh bang thuit toan ting ving
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& d6 phan giai tho. Xem xét tién tng vién nao vira khop hinh dang ellipse s&
duoc chon lam tng vién ctia khuén mat. Sau d6 dung cac dac trung bén trong
nhu: mit va miéng, duoc trich ra trén co sd cac vung mit va miéng s¢ tdi hon
cac vung khac cuia khudén mat, sau cung phan loai dua trén mang no-ron dé
biét viing mg vién ndo 1a khudén mat ngudi va ving nao khong phai khuon
mat nguoi. Ty 1€ chinh xac 1a 85%.
1.2.3 Huoéng tiép can dua trén so 16p miu

Trong so khép mau, cic chuin ctia khuon mait (thuong 1a khudon mat
dugc chup théng) s& duoc xac dinh trude hodc xac dinh cac tham sb thong
qua mdt ham. Tir mdt anh dwa vao, tinh cac gia tri twong quan so v6i cc mau
chuan vé dudng vién khuén mit, mit, mii, miéng. Thong qua cac gia tri
tuong quan ndy ma cac tac gia quyét dinh c6 hay khong c6 ton tai khudn mat
trong anh. Hudng tiép can nay co loi thé rat dé cai dat, nhung khong hiéu qua
khi c6 sy thay doi vé ty 18, tu thé va hinh giang.
1.2.3.1 Xac dinh miu truéc

Sakai d cd gang thir xac dinh khudén mat nguoi chup thang trong anh.
C)ng dung vai mau con vé mét, mili, miéng, va duong vién khudn mat dé mo
hinh héa mot khuoén mit. Moi mau con dugce dinh nghia trong gidi han cia
cac doan thang. Cac dudng thang trong anh duoc trich bang phuong phap
xem xét thay doi gradient nhidu nhét va so khép cac mau con. Pau tién tim
cac Umg vién thong qua mdi twong quan gitta cic anh con va cac mau vé
duong vién. Sau d6, so khép véi cac mau con khac. Hay néi mot cach khac,
giai doan dau xem nhu 1a giai doan so ché dé tim ung vién, giai doan thir hai
la giai doan tinh ché dé xac dinh c6 ton tai hay khong mot khuén mat nguoi.
Y tudng nay duge duy tri cho dén cac nghién ciru sau nay.

Craw dua ra mdt phuong phap xac dinh khudén mat nguoi dua vao cac
mau vé hinh déng ciia cac anh dugc chup thang (dung vé bé ngoai cua hinh

dang khuon mit). Pau tién dung phép loc Sobel dé tim cac canh. Cac canh
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nay s€ dugc nhom lai theo mdt $6 rang budc. Sau do, tim duong vién cua dau,
qua trinh twong tu duoc lip di lip lai véi mdi ty 1¢ khac nhau dé xac dinh cac
dic trung khac nhu: mat, 1ong may, va méi. Sau d6 Craw mo ta mot phuong
thirc x4c dinh dung mot tap c6 40 mau dé tim cac dic trung khuén mat va

diéu khién chién luoc do tim.

Sinha dung mot tap nho cac bt bién anh trong khong gian anh dé mo ta
khong gian cac mAu anh. Tu tudng chinh cia 6ng dua vao su thay d6i mirc do
sang cua cac vung khac nhau ctia khuén mat (nhu hai mit, hai ma, va tran),
quan hé vé muc do sang cua cac vung con lai thay doi khong dang ké. Xac
dinh céc cap ty s6 ctia muc do sang cua mot sb vung (mot vung tdi hon hay
sang hon) cho ta mot lugng bt bién kha hiéu qua. Cac vung c6 do sang déu
dugc xem nhu mot mau ty s6 ma 1a mau tho trong khong gian anh cia mot
khuon mat véi do thich hop it ding dé chon nhu cac dic trung chinh cua
khuén mit nhu hai mit, hai ma, va tran. Luu giit thay doi do sang cta cac
vung trén khuon mat trong mdt tap thich hop vaéi cac cap quan hé sang hon —
t6i hon gitta cac vung nho. Mgt khuén mat dugc xac dinh khi mét anh thoa tat
ca cac cdp sang hon — toi hon. Y tudng nay xuit phat tir su khac biét cua
cuong do gitra cac vung ké cuc b, sau nay duoc mo rong trén co s& bién doi
wavelet dé biéu dién cho xac dinh nguoi di bo, xac dinh xe hoi, xac dinh
khuén mit. Y tudng cta Sinha con dugc ap dung cho hé thong thi gidc cua
robot. Hinh 1-5 cho théy mau ndi bat trong 23 quan h¢ dugc dinh nghia. Dung
cac quan hé nay dé phan loai, ¢6 11 quan hé thiét yéu (cac miii tén mau den)
va 12 quan hé xac thyc (cic mili tén xam). Moi miii tén 1a modt quan hé. Mot
quan hé thda man mau khudn mit khi ty 1& gitta hai ving vuot qua mot
nguong va 23 quan hé nay vuot ngudng thi xem nhu xac dinh dugc mot

khuon mat.

Phuong phép so khép miu theo thi tu dé xac dinh khuon mit nguoi do

Miao trinh bay. O giai doan dau tién, anh s& dugc xoay tir -200 dén 200 voéi
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mbi bude 1a 5o va theo thtr tu. Xay dung anh da do phan giai, hinh 1-1, 1O
dung phép toan Laplace dé xac dinh cic canh. Mot mau khudn mat gdm céc
canh mo ta sau thanh phﬁn: hai 16ng may, hai mét, mot mili, va mot miéng.
Sau d6 4p dung heuristic dé xac dinh sy ton tai cta khudn mit trong anh,
phuong phép niy cho phép xac nhiéu khuén mit, nhung két qua khong tot

bang xac dinh mot khuén mit (chup thang hodc xoay) trong anh xam.

el

Hinh 1-6: Mau khuén mit, c6 16 ving va 23 quan hé (cac mili tén).

Wei va Lai dung bd loc dé phan doan két hop thuat toan tim lang
giénggan nhat xac dinh tng vién khudén mit, tir ing vién nay sau d6 so khdp
v6i cacmiu da xac dinh trudc dé biét tmg vién c6 phai 1a khuén mat hay
khong. Ty 1€ chinh xac 1a 80%.

Darrell dung phan doan dé tim tng vién, dung ung vién nay dé xac

dinhkhudn mat nguoi dua vao mau roi theo vét chuyén dong ctuia nguoi.

Dowdall dung phd cia mau da nguoi dé xac dinh ung vién. Sau do
chiéucéc mg vién nay dé so sanh véi cac mau co trudc dé xac dinh Gmg vién
nao lakhuoén mat nguoi. Phuong phdp nay chi xac dinh cho khuén mat chup
thang vagan thang, goc quay khoang tir -100 dén 10o.
1.2.3.2 Cac miu bi bién dang

Yuille ding cac miu bién dang dé mé hinh héa cac dic trung cta khudn
mat, mo hinh nay c¢6 kha nang linh hoat cho céc dac trung khudén méat. Trong
huong tiép can nay, cac dac trung khudén mat dugc mo ta béng cac mau dugc

tham sd hoa. Mot ham ning luong (gia tri) dugc dinh nghia dé lién két cac
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canh, dinh, va thung liing trong anh dé twong tmg v6i cac tham sd trong mau.
Mo hinh nay t6t nhat khi téi thiéu ham ning luong qua cac tham s, Mic du
két qua tot v6i mau bién dang trong theo vét ddi tuong trén dic trung khong
mé hinh theo ludi, mot han ché cua hudéng tiép can nay 1a cac mau bién dang

phai duoc khoi tao trong pham vi gan cac ddi tugng dé xac dinh.

Lanitis mo ta mot phuong phap biéu dién khuén mit ngudi véi ca hai
thong tin: hinh ddng va cuong d6. Bat dau voi cac tdp anh dwoc huan luyén
vo1 cac duong vién mau nhu 12 duong bao mat, mii, cam/ma dugc gan nhan.
Dung mdt vector cac diém mau dé mo ta hinh dang. Tac gia dung mot mo
hinh phan bd diém (Point Distribution Model — PDM) dé md ta vector hinh
dang qua toan bo cac ca the.

1.2.4 Huoéng tiép can dwa trén may hoc

Trai nguoc voi cac phuong phap so khép mau véi cac mau da duoc dinh
nghia truéc boi nhimg chuyén gia, cac miu trong hudng tiép can nay duogc
hoc tir cac anh mau. Mot cac tong quat, cac phuong phap theo hudng tiép can
nay ap dung cac k¥ thuit theo hudng xac suat théng ké va may hoc dé tim
nhiing ddc tinh lién quan ctia khuén mat va khong phai la khuén mat. Cac dac
tinh da duoc hoc & trong hinh thai cdc mé hinh phan bo hay cac ham biét sb
nén dung c6 thé dung cac dic tinh nay dé xac dinh khudén mit nguoi. Pong
thoi, bai toan giam sd chiéu thuong duoc quan tdm dé ting hiéu qua tinh toan
cling nhu hiéu qua x4c dinh. C6 nhiéu phuong phap ap dung xac sut thong ké
dé gia quyét. Mot anh hay mét vector dic trung xudt phat tir mot anh dugc
xem nhu mot bién ngau nhién x, va bién ngau nhién cé dic tinh 1a khuén mat
hay khong phai khuén mat bdi cong thire tinh theo cac ham méat do phan 16p
theo diéu kién p(x | khuén mit) va p(x | khong phai khudn mit) . C6 thé ding
phan loai Bayes.
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1.2.4.1 Eigenface
Kohonen d3 dua ra phuong phap dung vector riéng dé nhan dang khuon

mit, 6ng dung mot mang no-ron don gian dé ching t6 kha ning cia phuong
phéap nay trén cac anh di dugc chuan hoa. Mang no-ron tinh mot mé ta cia
khuon mit bang cach xAp xi cic vector riéng ctia ma trn tuong quan ctia anh.
Cac vector riéng sau ndy duoc biét dén véi cai tén Eigenface. Kirby va
Sirovich chimg to cac anh c6 cac khudén mit co thé duge ma hoa tuyén tinh
bang mot sblugng vira phai cac anh co so. Tinh chét nay dya trén bién d6i
KarhunenLoeve, ma con dugc goi dudi mot cai tén khic 12 PCA va bién doi
Hotelling. Y tudng nay duoc xem 13 ctia Pearson trinh bay dau tién vao nim
1901 va sau do la Hotelling vao nam 1933. Cho mdt tap cac anh huén luyén
co kich thuéc n x m duoc mod ta bdi cac vector co kich thudc m x m, cac
vector ¢ s& cho motkhong gian con téi uu duoc xac dinh thong qua 16i binh
phuong trung binh khi chiéu cac anh huan luyén vao khong gian con nay. Céc
tac gia goi tAp cac vector co s& tdi uu nay la anh riéng sau d6 goi cho don
gian la vector riéng cia ma tran hi€p phuong sai dugc tinh tir cic anh khudn
mat da vector hoa trong tap huéan luyén. Néu cho 100 anh, ma mdi khuén mat
c6 kich thude 91x50 thi ¢ thé chi dung 50 anh riéng, trong khi van duy tri
dugc mot kha ning giéng nhau hop 1y (gitt dugce 95% tinh chat).

Turk va Pentland &p dung PCA dé xac dinh va nhan dang khuén mat.
Tuong ty, dung PCA trén tap huin luyén anh cac khuon mat dé sinh cac anh
riéng (con goi 1a eigenface) dé tim mot khong gian con (khong gian khuon
mat) trong khong gian anh. Cac anh khuon mit duoc chiéu vao khong gian
con nay va dugc gom nhom lai. Tuong tu cadc anh khong c6 khuén mat dung
dé huan luyén ciing dugc chiéu vao cung khong gian con va gom nhom lai.
Céc anh khi chiéu vao khong gian khuon mit thi khong bi thay d6i tinh chat
co ban, trong khi chiéu céac anh khong c6 khuén mat thi xuét hién sy khac
nhau ciling khong it. Xac dinh sy ¢6 mat cia mot khudén mat trong anh thong

qua tit ca khoang cach giira cac vi tri trong anh va khong gian anh. Khoang
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cach nay dung dé xem xét c6 hay khong c6 khudn mit ngudi, két qua khi tinh
toan cac khoang cach s& cho ta mot ban dd vé khuén mat. Co thé xac dinh
duoc tir cuc tiéu dia phuong cta ban db nay. C6 nhiéu nghién ctru vé xac dinh
khudén mat, nhan dang, va trich dac trung tir y tudng vector riéng, phan ra, va
gom nhom. Sau d6 Kim phat trién cho anh mau, bang cach phan doan anh dé

tim Gmg dé khong gian tim kiém bét di.

1.2.4.2 Phwong phap Mang neuron

Mo phéng hoat dong ctia cac no-ron than kinh, mang no-ron nhan tao 1a
hé théng bao gém nhiéu phan tir xir Iy don gian (neuron) hoat dong song
song.Tinh ning ctia hé thong nay tuy thudc vao cau trac cua hé, cac trong sb
lién két no-ron va qua trinh tinh toan tai cac no-ron don lé. Mang no-ron co

thé tir dit liéu mau va tong quat hoa dua trén cac dit liéu mau hoc.

i CL l I’LJ " Lépvao
- »] (A& 2l

'C.,,' g

U.i""'-flify}: \ ‘. Ve ’f,cp an
7" (céd thé nhiéu an)

Lép ra

Hinh 1-7: M6 hinh mang Neuron

M6t nhom cac no-ron dugce té chirc theo mot cach sao cho tat ca chung
déu nhan cung mdt vector vao X dé xur 1y tai cung mot thoi diém. Viéc san
sinh ra tin hi€u ra ciia mang xuét hién cung mot luc. Vi mdi no-ron c6 mot tap
trong s6 khac nhau nén c6 bao nhiéu no-ron sé& san sinh ra bay nhiéu tin hiéu
ra khac nhau. Mt nhom cac no-ron nhu vay dugc goi la mdt 16p mang.
Chung ta c6 thé két hop nhiéu 10p mang tao ra mot mang c6 nhiéu 1ép, 16p
nhan tin hiéu dau vao (vector tin hiéu vao x) duoc goi 1a 16p vao (input layer).

Trén thyc té ching thyc hién nhu mot bd dém chira tin hiéu dau vao. Cac tin
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hiéu dau ra ctia mang duoc san sinh ra tir 16p ra ctia mang (output layer). Bat
ky 16p ndo nam giita 2 16p mang trén duge goi 14 16p an (hidden layer) va né
13 thanh phan ndi tai cia mang va khong co tiép xtic ndo véi méi truong bén
ngoai. S6 luong 16p an co6 thé tir 0 dén vai 16p. M6 hinh no-ron nhan tao doi

hoi 3 thanh phan co ban sau:
e Tap trong sb lién két dic trung cho cac khdp than kinh.

e B0 cong (Sum) dé thyc hién phép tinh tong cac tich tin hiéu vao véi

trong s lién két twong ung.

e Ham kich hoat (squashing function) hay ham chuyén (transfer function)

thuc hién gidg1 han dau vao cua neuron.

Trong md hinh no-ron nhan tao mdi no-ron dugc ndi véi cac no-ron
khac va nhan dugc tin hiéu xi tr ching voi cac trong s6 wi. Tong thong tin
vao co trong s6 1a: Net = ¥ w;x;.
1.2.4.3 Phwong phap SVM - support vector machine

SVM la phuong phép do Vladimir N. Vapnik dé xuat nam 1995. SVM
dua trén 1y thuyét thong ké va ngdy cang duoc sir dung phd bién trong nhiéu
linh vuc, dic biét 1a trong linh vuc phan loai mau va nhin dang mau. Déng
thoi phuong phap nay c6 nhiéu tinh ning uu viét so vdi cac phuong phap cd
dién khac nhu dé dang xu 1y, xtr 1y ¢6 tinh 6n dinh cao trén dir liéu phirc tap,
c6 thé ¢ s6 chiéu 16n va quan trong hon cé 1a kha ning xtr Iy tong quat.
1.2.4.4 M hinh Makou 4n

Phuong phap tim kiém khuén mit dya trén mo hinh Markov an ciing 1a
mot trong cac hudng nghién ciru duge cha trong. M6 hinh Markov an 1a mot
tdp cac mo hinh théng ké dugc sir dung dé mé ta cac dic tinh théng ké cua tin
hiéu. Ly thuyét vé chudi Markov va md hinh Markov da dugc nghién ctru sau
rong va ap dung nhiéu trong 1y thuyét nhan dang nhu nhan dang tiéng néi,

chir viét. Samarie va cong sy, Netfian va cong du 1a hai nhém nghién ctru
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hang dau trong viéc ap dung mé hinh Markov 4an vao tim kiém va nhan dang
mat nguoi.
1.2.4.5 Mang lgc thwa (Sparse Network of Winnows — SNoW)

Day 1a phuong phap do yang dé xuat dung dé xac dinh khuén mit nguoi
v6i cac dic trung khac nhau va biéu dié trong céc tu thé khac nhau, dudi diéu
kién anh sang khac nhau. SNoW 14 mot mang thua dung cac ham tuyén tinh
va dung loc dé cap nhat luat. Phuong phap nay thich hop cho hoc trong mién
khi céc dic trung tiém ning tao ra cic quyét dinh sai khac nhau ma khong biét
muc do wu tién. Ty 18 16i 14 5.9%, hiéu qua ciing nhu cac phuong phap khac.
1.2.4.6 AdaBoost

AdaBoost 13 mot phan loai manh phi tuyén phitc Hm(x), duoc xay dung
tir M phén loai yéu. Muc tiéu ctia AdaBoost 1a hoc mot ddy cac phén loai yéu.
Gia str c6 mot tip N mAu hudn luyén d3 duoc gan nhin {(X1,Y1), ..., (XN,YN)},
voi yi 1a nhan twong Gmg cua miu x; = R™ . Tinh mot phan bd cia cac mau
huén luyén [wl,.... wN] cép nhat trong sudt qua trinh hoc. Sau budc m, mau
kho phan loai (xiyi) ¢6 trong sd méi ngm), dén budc lap thi (m+1), mau nay
s& c6 tAm quan trong hon. Vioa va Jones dung AdaBoost kétt hop cascade dé
xac dinh khuén mat nguoi véi cac dic trung dang Haar wavelet-like. Tbe do

xur Iy kha nhanh va ty 1€ chinh x4ac hon 80% trén anh xam.

1.2.4.7 Hoc voi FloatBoost

Li va Zhang dua ra mot khai niém mai do 1a FloatBoost. Phuong phap
nay hoc dua trén phén loai boosting dé ty 1¢ 18i cuc tiéu. Nhung phuong phap
nay cho phép quay lui sau khi tai mdi budc chan khi hoc bang Adaboost di
cuc tiéu duoc ty 1€ 16i truc tiép, cuc tiéu theo ham mii. C6 hai van dé gap khi
dung phuong phap Adaboost:

- Tha nhat: AdaBoost cuc tiéu theo ham mii tai bién qua tap huin
luyén. Pay 1a tién loi, tuy nhién muc tiéu cudi cung trong cac tng

dung dung phan loai mau thi thuong 1a cuc tiéu mot gia tri truc
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tiép (tuyén tinh) két hop voi ty 1& 16i. Mot phan loai cuc manh
dugc hoc bang AdaBoost thi gan diém tdi wu ciia ng dung trong
diéu kién ti 1¢ 15i.

- Thu hai: AdaBoost dé lai mot thach thirc néu dung phan loai yéu
dé hoc, Hoc dé phan loai t6i uu khi dung phan loai yéu can udc
luong mat do khong gian dic trung, diéu nay la van dé kho, dic
biét khi s chiéu cua khong gian kha 1on.

Mot thuat toan yéu c6 hiéu qua va dé dung thi rat can thiét. Float xem
nhu mot cau ndi giita myc tiéu ciia hoc boosting thong thudng (cuc dai bién)
va tmg dung dung cuc tiéu ty 18 16i thong qua viéc két hop phuong phép tim
kiém Floating va AdaBoost két hop k¥ thuat quay lui.

1.2.5 Huoéng tiép can tong hop

Céac phuong phap dugc chia lam bon phén loai chinh theo bén hudng
tiép can. Tuy nhién, c6 nhiéu phuong phap khéng hoan toann roi vao mot
trong bon hudng tiép can ndy ma & trong bon hudng tiép can khac nhau. Vi
du, phuong phap so khép mau dung mé hinh khuén mit ngudi va cidc mau
con dé trich cac dic trung khudén mat, va sau d6 dung cac dic trung nay dé
xac dinh khuén mat. Hon nira phuong phép dua trén tri thirc va phuong phap
so khép mau khong thuc su tach biét, tir d6 c6 nhiéu hudng giai quyét dung

tri thire cua con nguoi dé dinh nghia cdc mau khuén mat nguoi.

Kim két hop céac dic trung lang giéng ctia khudén mit xdy dung cic miu
theo cac hudng, sau d6 dung ky thudt xac dinh canh EBM (Edge-like Blob
Map) theo cuong d6. Ong xdy dung logic mo két hop PCA dé udc lugng tu

thé cac khudén mit.
Taur va Tao xay dung phan loai neurofuzzy ( neuro-fuzzy classsifier —
NEFCAR) c6 d6 do tin cat dé biét anh nao 1a khuoén mat ngudi. Cac tng vién

dugc chon thong qua phan doan mau da.

Cao Tién Pat _ CT1901C 23



Xay dung trng dung phat hién khuan mat trong anh stir dung OpenCV

1.3 Kho khin va thach thirc trong bai toan phat hién khuoén mat

Viéc xac dinh khuon méat nguoi ¢6 nhitng khé khan nhét dinh:

Hudng (pose) cua khudén mat d6i voi may anh, nhu: nhin thing,
nhin nghiéng hay nhin tir trén xudng. Cuing trong mot anh co thé

c6 nhiéu khuon mat ¢ nhiing tu thé khac nhau.

Su c6 mat cua cac chi tiét khong phai la dac trung ri€ng cua khudn

mat nguoi, nhu: rdu quai nén, mat kinh, ....

Céac nét mat (facial expression) khac nhau trén khuén mat, nhu:

vui, buon, ngac nhién, ....
Mait nguo1 bi che khuat boi cadc doi tugng khac co6 trong anh.

bicu kién anh, dac biét 1a vé d§ sang va chat lugng anh, chat

lwong thiét bi thu hinh.
Truc toa d0 clia may anh so v&i anh.

Kich thudc khac nhau cua cac khuén mat nguoi, va dac biét l1a

trong cung mot anh.

Nhicu khuén mat c6 vung da dinh lan nhau.

Céc kho khan trén chung to rang bat cir phuong phap giai quyét (thuat

todn) bai todn xac dinh khudén mat nguoi nao cling s€ khong thé tranh khoi

mot sd khiém khuyét nhat dinh. Dé danh gia va so sanh cac phuong phéap xac

dinh mat nguoi, nguoi ta thuong dya trén cac tiéu chi sau:

e Ty Ié xac dinh chinh xéc 1a ty 18 sb luong cac khudén mit nguoi

duoc xac dinh dung tir hé thong khi sir dung mot phuong phap dé
xay dung so voi s6 luong khudn mit ngudi that sy co trong cac

anh (detection rate).
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e S6 lugng xac dinh nham 1a s6 luong ving trong anh khong phai
1a khuén mit ngudi ma hé théng xac dinh nham 1a khuén mat
nguoi (false positives).

e Thoi gian thyuc hién 1a thoi gian dé may tinh xac dinh khudén mit

nguoi trong anh (running time).

1.4 Mot s6 linh vue ing dung phat hién khuén mit

Bai toan nhan dang mit nguoi ¢ thé 4p dung rong rii trong nhiéu Gmg
dung thuc té khac nhau. D6 chinh 13 1y do ma bai toan nay hap dan rat nhicu
nhom nghién ctru trong thoi gian dai. Cac ing dung lién quan dén nhan dang

mat nguoi co thé ké nhu:

e Hé théng phat hién toi pham: camera dugc dit tai mot so diém
cong cong nhu: si€u thi, nha sach, tram xe buyt, san bay,v.v... Khi
phat hién duoc su xuét hién cua cac ddi twong 1a t6i pham, hé
théng s& goi thong diép vé cho trung tdm xur 1y. - Hé théng theo
doi nhan sy trong mot don vi: giam sat gio ra vao cua timg nhan
vién va chdm cong.

e Hé thdng giao tiép nguoi may: thay thé viéc tuong tac gitta nguoi
va may theo nhiing cach truyén théng nhu: ban phim,
chuot,v.v...Thay vao d6 la st dung cac giao tiép truc quan: biéu
cam khuon mat, ddu hiéu, cu chi bang tay (visual input, visual
interaction).

e He¢ thong tim kiém thong tin trén anh, video dua trén ndi dung (chi
muc theo ngudi). Chang han nhu: dai truyén hinh Viét Nam
(VTV) ¢6 mot kho dir liéu video tin tic kha 16n can tim kiém
nhanh nhiing doan video nao c¢6 G. Bush hoac Bin Laden.

e Cic thé thong bao mat dya trén thong tin trac sinh hoc: mit ngudi,

van tay,v.v... thay vi xac nhan mat khau, khoa,v.v...
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CHUONG 2: PHAT HIEN KHUON MAT SU DUNG PAC TRUNG
HAAR

2.1 Dac trung ciua Haar
2.1.1 P6i twong nhin dang

Trén anh, ving khuon mat 1a tdp hop cac diém anh c6 nhung mbi quan
hé khac biét so v&i cac vung anh khac, nhiing mbi quan h¢ nay tao Ién cac dac
trung riéng ctia khudén mat. TAt ca khudn mit ngudi déu cd chung nhing dic

diém sau khi da chuyén qua anh xam, vi du nhu:

e Vung hai mat s€ t61 hon ving ma va vung chan, titc muc xam cua
vung nay cao hon vuot trdi so véi hai viung con lai.
e Vung gitra SOng miii cting t61 hon viung hai bén mdi.
[ J
Va con rat nhiéu nhitng dac diém khac cia khuén mét va cac dac trung

Haar like dua vao cac dac di€ém nay dé nhan dang.

Vé tong quat, cac dic trung Haar like khong chi duoc sir dung dé nhan
dang khudén mit ma c6 thé dung dé nhan dang bat ki mot dbi twong nao trén
anh( than ngudi, tay, chan, 6 t6, d6 vat,....). Bdi vi ciing gidng nhu khudn
mat, moi dbi tuong c6 nhitng dac diém riéng biét dac trung bdi cac vung diém
anh, cong vi¢c cua dac trung Haar-like 1a tinh toan céac gia tri tuong quan gitia

cac vung anh do.
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Day chi 1a budc ban dau vé cach ap dung dic trung dé phan loai cira s6
con, chi tiét cach phéan loai cua bo Adaboost va Cascade of Classifiers s& trinh

bay & muc sau.

2.1.2 Dac trung
Céc dac trung Haar-Like 14 nhiing hinh chitr nhat dugc phan thanh céc

1=-e
N =<
=" IR o IR

Hinh 2-1

S
&

Pic trung do Viola va Jones cong bd gdm 4 dic trung co ban dé
xac dinh khudn mét nguoi. Mdi dic trung Haar-Like 1a su két hop cua

hai hay ba hinh chit nhat trang hay den nhu trong hinh sau:

H (B

Hinh 2-2: 4 dat trung Haar-like co ban
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bé sur dung cac dac trung nay vao viéc xac dinh khudon mat nguoi, 4 dac
trung Haar-Like co ban dugc md rong ra va duoc chia lam 3 tdp dac trung
nhu sau:

bac trung canh(edge feature)

M @<

(a) (b) (c) (d)

Hinh 2-3: Pac trung duong(line feature)

=N SPXe

(a) (b)y (e} (d) €]

Hinh 2-4: Dac trung xung quanh tam(center-surround features)

IR0

ia) (b

Hinh 2-5: Céc dic trung mé rong cua céac dac trung Haar-like co s&

Dung céc dac trung trén, ta co thé tinh duoc cac gia tri cua dac trung
Haar-Like 13 sy chénh léch giita tong ctia cac pixel cia ving den va ving

tring nhu trong cong thirc sau:

f(x)=Tong, ., 4,(cdc mc xim cua pixel) - Tong, . .« (cdc mifc xam cua pixel)
(2-1)
Viola va Joines dua ra mdt khai niém goi 1a Integral Image, 1a mdt mang

2 chiéu véi kich thude bang véi kich thude cia anh can tinh dic trung Haar-
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Like, vo1 mo1 phan tir cia mang nay dugc tinh bang cach tinh tong cta diém

anh phia trén (dong-1) va bén trai (cot-1) cua no.

2oy

Hinh 2-6: Cong thuc tinh Intergral Image

P(x,y) = Z i(x",y")

x'sx,y'sy

(2-2)

Sau khi tinh duoc Integral Image, viéc tinh tong cac gia tri mirc xam cua

mot vung bt ky nao d6 trén anh thuc hién rat don gian theo cach sau:

(G1a st ta can tinh tong gia tri mirc xam cua vung D nhu hinh dudi, ta ¢6

thé tinh duoc nhu sau:
D=A+B+C+D-(A+B)-(A+C)+ A (2-3)
V6i A + B + C + D chinh 1a gi4 trj tai diém P4 trén Integral Image,
tuong ty nhu vay A+B 1a gia tri tai diém P2, A+C 1a gia tri tai diém P3, va A
la gia tri tai diém P1. Vay ta co thé viét lai biéu thirc tinh D & trén nhu sau:
D=(x4y4) - ('XZ‘}"Z) (x3y3) + (xl,vyl)

H_} 8 v \
A+B+C+D (A+B) (A + C) A

\ J
Y

(2-4)
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P o

F3 Fs

Hinh 2-7: Vi du céch tinh nhanh cac gia tri mirc xdm cua vung D trén anh

Tiép theo, dé chon céac dic trung Haar-like dung cho viéc thiét lap
nguong, Viola va Jones st dung mot phuong phap may hoc duoc goi la
AdaBoost. AdaBoost s& két hop cac by phan loai yéu dé tao thanh mot bd
phan loai manh. V&i bd phéan loai yéu chi cho ra cau tra 10i chinh xac chi hon
vién doan mot cach ng?m nhién mdt chut, con bo phan loai manh c6 thé dua ra

cau tra 101 chinh xac trén 60%.

2.2 B0 phan l6p AdaBoost
2.2.1 Giéi thiéu

Bai toan do tim khuén mat nhanh trén anh 1a bai todn quan trong vi qua
trinh nhan dang dbi tuong s€ thiéu chinh xac néu nhu thiéu budc do tim va
dinh vi dugc ddi tuong. Bai todn do tim khuén mat nhanh c6 y nghia rat quan
trong trong viéc nhan dang, theo vét cac d6i twong chuyén dong trong cac

doan video hay camera.

2.2.2 Cac huéng tiép cian do tim khuén méit nhanh
e Hudng do tim khudén mat trén dnh mau dua trén sy phan tich mau SAc
cia vung da. Mac du viéc xt Iy kha nhanh nhung hudng nay c6 gidi
han chi xt 1y trén anh mau va thuong nhay cam véi anh sang, thuong
chi sir dung 1am céc budc tién xir Iy cho cac hudng khac.
e Hudng do tim khuén mat dya trén dic trung bat bién cua khudén mat
ngudi. Thanh céng nhat trong do tim khudén mat nguoi trong thoi gian

thuc la phuong phap ASM (Active shape Models).
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e Hudng do tim khudén mat dua trén thong tin hinh anh gdm mang no-
ron, cac hudng théng ké (SVM, AdaBoost....). Phuong phap SVM va
mang no-ron ciing dat duoc két qua cao trong thoi gian kha nhanh song
cling chi vai anh trong mét gidy nén khé c6 thé ap dung trong viéc nhan
dién thoi gian thyc. Riéng phuong phap AdaBoost cho két qua kha
quan nhat vi c6 thé xt Iy dén khoang 15-20 khung hinh trong mét gidy.

2.2.3 Thuéat toan AdaBoost

Xét bai toan hai 16p, mau huan luyén bao gdbm M bo (xi,yi) dd dugc gan
nhan, véii {1,2,..M} trong d6 yi {+1,-1} 1a nhin va xi Rn 13 cc mau huin
luyén. Trong AdaBoost, mot bd phan loai manh hon dugc xay dung dua trén

su két hop tuyén tinh gitra M bd phan loai yéu hon:

M
Hp(0) = ) ()
M-1
25

Céc bo phan loai yéu hon ¢ thé mang céc gia tri thuc, h,,(X) € R. Phan
loai ctia x duge quyét dinh bang ham H(x) = sign[H(X)], trong d6 do 16n
|H y(x)| cho ta d tin cay. Mdi miu duoc két hop voi mot trong s6. Trong qua
trinh hoc, céc trong sb s& dugc cap nhat dong nhan manh céc phan loai manh
trudc d6 bi phan loai sai. Tuy nhién, qué trinh cap nhat trong sd chi can thiét
d6i voi thuat toan AdaBoost trudc day. Doi véi cac thuat toan AdaBoost cai
tién gan day, qua trinh nay co thé duoc thay thé bang mot ham tdi wu hoa. Loi
xay ra khi H (x) # y hay yHy (X) < 0. Lé cia mau (x, y) qua ham h(x) € R
trén tap cac miu huin luyén dugc dinh nghia 1a yh(x). L& c6 thé duoc xem 13
s6 do do tin cdy cua gia tri doan trude cua h. Ldi phan 16p cua Hy, c6 bién

trén la:
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](Hm) —_ Z e_yiHm(xi)

(2-6)
Thuat toan AdaBoost x4y dung ham h(x) bang cach giam tbi da (2-6).
Cho

M-1
Hya®) ) hn(3)
m-1

(2-7)
Hwu(x) t6t nhat cho phan loai manh Hpy(X) = Hpy_q1(x) + h,, (%)
La ham dén t6i gia tri nho nhat:
Hm = arg min J(H (x) h (X)) (2-
8)
va ham c6 gié tri nhé nhét duoc chirng minh la:

1 P(y=+1|x,w(M_1))
hy (x) > log P11 (2-
9)
Véi 1a @™~ trong luong tai thoi diém M.
Dung cong thirc P(y| x,0) = P(x| y,0) P(y) va cho
1 P(x|y=+1,w)
Lu (x) 2 log P(x|ly=-1,w) (2-
10)
_1 P(y=+1) ]

T = 2 log[P(y=_1)] (2

11)
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Chiing ta c6 duoc H,, (X) = L,, (X) — T. L,,, dugc hoc ra tir cic mau cua
ca hai phan 16p. Ngudng T duogc xac dinh bang ti 18 log cia cac xac suat trudce
do.

Ta c6 mdt phuong phap dé tinh phuong trinh (2-11), tng dung khi hoc
cac bo phan 16p tdi wu. Vi rat ra mot bd phan loai yéu trong mot mién khong
gian nhiéu chiéu 1a cong viéc quan trong, xin dugc dua ra sau ddy mot mo
hinh théng ké hoc theo tirng giai doan dya trén vai dac diém vo hudéng. Mot
dic diém vo hud ng j cta x duoc tinh bang mot phép bién doi tir khong gian
dir liéu n chiéu thanh dudng thing thuc Z; (X) € Z. Mot déc diém c6 thé 1a hé
s6, hay noi trong xtr 1y anh 1a phép bién d6i vi ba tin hiéu. Néu phuong phap
tim kiém uéc luong duge st dung nhu phép bién d6i Z j x) don gian dugc
xem 14 toa do thi j cua x. Mot danh sach K dic diém tGng ctr vién c6 thé dugc
tao Z ={ Z; (x), ..., Zy (x)}. Trong phan sau, chung ta st dung z(m) dé biéu
dién cho dic diém duoc chon trong giai doan m, va Z, (x) la dac diém duoc

tinh toan tir x st dung phép bién d6i thu k.

Gia sir Z 12 mot tap rat hoan chinh, tap cac phan 16p yéu co thé co cho
bai toan phan 16p yéu t61 uu c6 thé duge 1ap nhu sau: Trudc tién, tai giai doan
M, khi M-1 dic diém cua Z1y. Z 3y, ..., Z-1) dd dugc chon va trong lugng
s6 cho 1a @™~V chung ta xap xi p(x|y,w™~1)) bang cach dung phan bd
ctia M dic diém:

p(xXly, @M V) = p(Zw, Za), ...Zm-1)), Zg, Iy, @M~D) (2-
12)
=p(Z Yy, @M V) p(Zply, Z(1y, 0™MD)....
PZ M-l Z)Z2y, - Zyp—zy, @M~D)

P(Zi, IYs Z1ys Z(2) -5 Z(m-1), w™-D) (2-
13)
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Boi vi Z 1a tap rat hoan chinh, phép xap xi van tot d6i véi tap M du 16n
khi M dic diém duge chon thich hop.

Ghi chti: p(Z,,ly, Z(1y, Z(2), ---» Z(mm-1)) thuc 1a1a p(Z,ly, w™M-1)) boi
vi @™ chira thong tin vé toan bd qua trinh tao @ va bao gdm cac thanh phan

1€ thudc trén Z 1y, Z(3), ..., Z(m_1) Vi vy, chling ra co:

p(xly, @MYy = pzw|y, ®®) p(z®|y, @D)...

PZm-1]y, @) pzdy, @™P)
(2-14)

Mat do xac suat p(Zg| y, @™~D))) cho phan 16p duong y = +1 va phan
16p am y = -1 ¢6 thé phong doan duoc tir histogram tinh duoc qua danh gia

cong nhan trong so cua cac vi du huan luyén str dung céc trong s6 w®™-1),

Cho
(M), P(Zgly=+1,0M~D) L (M) _ 1. (M)
Lk (.X') PZily=—1La®-1) va hk - ELk (.X') —T (2-

15)

chung ta rat ra duge tap hop cac phan 16p yéu hon nhu sau:

1M (x) = K" (x) VK (2-16)
Thuat toan Adaboost

Budc 0. Bau vao

1. Tép Z={ (x1, ¥1), (X2, ¥2),--., (X, Yn)} VOI:
N=a+b;
a 1a s6 mau thudc phan 16p y; = +1

b 12 6 mau thudc phan 16p y; = -1
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2. S6 16p yéu t6i da Mmax duoc két hop

Budc 1: Khoi tao

0 _ 1 e X A A 14 -
w; ~ = véimau thudc phan lop y; =+1
o _ 1 X A A 12 _
w; ) = 2a Vvoimau thudc phan 16p y,1=-1

M=0

Budc 2: Suy dién tién
While M < Mmax
1) M «— M+1
2) Chon Hm theo biéu thirc (2-8)

(m)

3) Céap nhat wgm) — exp —YiHpx; va chuan hoa w;

dé ngm) =1

Buoc 3: Pau ra

M
H(x) = sign Zlehm(x)
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Budac 1 Buéc 2 Buéc 3
1= . T~ . 11— -
o d‘. = o M o. B a o ‘}‘_ — .
0.8 \ 0.8 \ 0.8F N -
.\ -] = - ; L] . 'c_l'__ — -.x e =
LA | . B " . = B
0.6 1 a a 0.6 Ty - - 0.6 Wy 5 .
Y -,
\\ a . \.\ .:-. P 3 \\ f-_t. p
0.4 i o o 0.4 : Wem g D471 " A - . 2"
e AR I =N e
0.2 0.2 0.2
o} 0 0
0 0.5 1 0 0.5 1 0 0.5 1
Buadc 5 Buéc 10 Bué&c 100
1 1 1
‘\‘ 1
4 "“_ B .1 b LS oo &,
osf % ~ P 0.8 0.8
?T!-.b SN 2 \'- ) - (=]
0.6} v | 0.6 . 0.6 i o
\ L
o4l W T~g "‘ 0.4 O 0.4
- . - i ] - . ® ” : - o
R - A, ..
N o
0.2 ~.. 0.2 0.2
‘oo
o — 0 0
0 0.5 1 0 0.5 1 0 0.5 1

Hinh 2-8: Vi du minh hoa cho thuat toan AdaBoost

2.2.4 B¢ phan l6p AdaBoost

Véi mot bd do tim ¢ do phuong phap AdaBoost huan luyén duoc, ta co
thé do tim v6i mot do chinh xac nhat dinh va mot toe do nhat dinh. Néu nhu
can phai chinh x4c cao thi bd do tim phai bao gdom nhiéu dic trung, diéu do

kéo theo tdc do do tim s& giam.

Néu sir dung bo do tim két hop F={C;} v&i nhiéu bd do tim co ban fi
khac nhau cling roi vao tinh trang tuong tu. DPé c6 duoc d6 chinh xac cao,
hodc can phai co sb luong 16n cac bd do tim, hodc mdi bo do tim can phai c6
nhiéu dic trung, hodc ca hai. Do d6 ciing kéo theo toc do s& giam. Mot hudng
khic phuc nhuge diém nay 1a str dung bo do tim phan tang T={t;}. B6 do tim
phan tang bao gdm nhiéu tang, mdi tang t; = {c;} 1a mot bo do tim két hop
v6i sb6 luong cac bo do tim khac nhau nén co toc do va do chinh xac khac
nhau. Khi do tim tit ca cdc khudén mat trong anh, tAt ca cac clra s6 con
Wo={w;;s} v6i cac kich thudc s khac nhau tai cac toa do (i,j) s€ duoc kiém

tra xem c6 phai 1a mat ngudi hay khong. Qua mdi tang ti, W; = t;(W;_;)
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trong d6 |W;|<<|W;_,| do qua mdi tang, cac cira so khong phai Gmg vién s& bi
loai sdm. Piéu nay cho phép ching ta xay dung cic tang sao cho, cang vé sau
d6 phuc tap (s6 luong cac bd do tim co ban véi cac dic trung) cang 16n trong
khi cac ting cang thap thi d phuic tap cang don gian va phai loai dugc nhiéu

g vién cang tot nhung ty 16 loai sai phai thap.

Kk Iy tigp theo

CAC civa =0 bilosi

Hinh 2-9: Minh hoa bo d6 tim phan ting

Xét moi tﬁng tk= {Ci} ta co ty 1¢ loai sai ctia tk dugc tinh nhu sau:

k
F=Hfi

(2-17)

Trong d6 fi chinh 1a ty 1¢ loai sai tmg véi bo do tim ci va K chinh 1a s6

bo do tim cua tﬁng tk. Twong tu, 6 chinh x4c cia tﬁng tk duoc tinh nhu sau :

(2-18)
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Trong d6 di 1a do chinh x&c cua ung véi by do tim ci. Pong thoi cling
voi cach tinh nay, ta c¢6 thé tinh dugc do chinh xac cta toan bd cac tang

T={ti} la:

(2-19)

Vay khi cho trudc mot ty 1€ loai sai D va do chinh xac 1a F, ta co thé
huin luyén tﬁng bo phan loai t sao cho t co ty 1€ loai sai la D va do chinh xéc
1a F. Va lap lai qua trinh huan luyén tang ta duoc bd huin luyén gdm nhiéu
tang v&i do chinh xac G hodc sb ting n nhu mong mudn. Dudi ddy 1a thuat

toan huan luyén mot téng voi ty 1€ loai sai fva do chinh xéac d cho trudce:
Budc 0. Pau vao:
f (ti 16 nhan sai mau duong toi da chap nhan duoc)
d (ti 16 nhan dtng t6i thiéu trong 16p)
Ftarget (ti 1¢ nhan sai mau duong)
P=tap mau duong
N=tdp mau am
Budc 1. Khai tao:
FO0=1.0
D0=1.0
=0
Budoc 2:
Trong khi (Fi > Ftarget)

l—i+1
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ni=0;Fi=Fi-1
Trong khi (Fi>fx Fi—1)
ni=ni+1
e Sudung PvaN dé huan luyén mot phan loai H vs ni dac
trung, dung AdaBoost
e Thém bd phan loai hién thoi vao C
e Tinh Fi va Di cho bd phan loai C hién thoi 1én tap hop 1€
e Giam ngudng cho 16p thir I cho dén khi bo phan loai C
hién thoi dat ti 18 do tim téi thiéu 1a d x Di-1  (diéu nay
cling anh hudng téi1 Fi)
e N—0O
e Néu Fi > Ftarget thi dinh gia bo gid tim C hién thoi trén
tap anh khong phai mit ngudi va dua cadc mau do tim bi 16i
vao tap N
Budc 3. Pau ra: bo do tim da tang C
2.3 Do tim khuon mat
Viéc do tim khudén mit trong anh qua bd phan ting da huan luyén gip
mot van dé 1a sb sira s6 voi cac kich thude khac nhau qua 16n. Bé khic phuc
van dé nay, phuong phap do theo kién tric thap dugc ap dung nhu sau: xét
anh s kich thudc (w X h), step = 0, hé s co scale 1.2
Lip trong khi kich thudc (w x h) con 16n hon cira s6 anh mat nguoi huan
luyén (WO X ho):
e Duyét toan bd cac vi tri ( x,y) ctra 6 Vai kich thudc (wy X hg), VOi
mdi don vi tri tién hanh:
e Ap dung bo do tim phan ting dé xac dinh c6 phai mat ngudi hay
khong
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o Néu la mat ngudi tai vi tri (x,y) thi thuc t& mat ngudi tai vi tri (x *
scaleS®P y * scaleS®P ) va kich ¢ cira s6 1a (wy* scaleStP, h,*

scaleSteP)
e Ganw;=W /scaleva , hy=h/scale
e Thu nho anh tir kich thuée (w x h) dén (wq X, hy)
e Gainw=wyvah=, hy
o sStep=step+1
Nhan xét:
Hé sb co scale quyét dinh do min cua céc cira sd do tim, néu nhu scale
cang nho (> 1) thi cang c6 nhiéu cira so do tim nén cang chinh xac hon.
Ap dung thuat toan do theo kién trac thap nhu trén ta c¢6 thé do tim tat ca

cac khudn mit & tat ca cac vi tri, song kich thudc do tim & mdi bude nhu sau:
Budc 1: Kich thudc tir (wg, hg) dén (wg * scale, , hy * scale)

Budc 2: Kich thudc tr (wo * scale, , hg* scale) dén

(wy * scale?, hyscale?)

Budc n: Kich thude tir ( wg * scale n — 1, hgscale n — 1) dén
(Wo * scale, , hy * scale)

2.4 Nhan xét

2.4.1 Uu diém
e Phuong phép cho d6 chinh xéac tuong dbi cao (trén 90%), toc d6 do tim
khuon mit kha nhanh, thich hop dé do tim khuon mit trong thoi gia

thuc, trong video.
e Thich hop vo1 viée huin luyén dir li¢u bi nhiéu.

e Phuong phap trich chon dac trung thuc hién kha nhanh.
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2.4.2 Nhuoc diém
e Thuit toan huin luyén khuon mat thuc hién cham do c6 rat nhiéu bod
phan loai yéu.
e Chi do tim dugc cac khudn mit nhin thang va goc quay nho
e Khéng it c4c tinh chat cia AdaBoost mang tinh chit nhan dinh va chua

dugc chimg minh chat ché.
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CHUONG 3: THUC NGHIEM PHAT HIEN KHUON MAT
3.1 Mo ta bai toan
T cac phuong phap dugc dua ra & phan trude, bai toan phat hién
khudn mat duoc thuc hién theo hai budce chinh:
. Do tim cac ving c6 thé 1a khuon mat trong anh.
. Xac thuc khuon mat.
Phéan tich va lya chon cong cu
Pau vao: Anh gbc.
Pau ra: anh di duogc phat hién khuén mat.
Pé nhan dang khuon mit bang dic trung haar like thi dau tién ta phai
dua anh vé xam hoa, sau d6 cho céc dic trung haarlike chay khip burc anh,

nhitng khu vuc so sanh dugc cho 13 giéng v&i nhiéu dic chung haar like nhat

s€ duoc danh dau lai.

Uoc hrong cac dic tnmg

>

Tinh cac dic trung

nhanh tir nhiéu ti lé (S — -
N v C'ac ham Haar co ban
. g 3
"\’}h Integral Cac ham Haar co ban .:]
goc Image \ J
8 3
z : p— e Cac ham Haar co ban E
Caun trie phan tang - /
a— 56 hrong lon —
AP ubmoniives c4c dic trung | Chon dic timg
NI AT YT e Mot tap nhd
2 N - " N e/l cde dic tumg = y . <
& e b - Pieu chinh thong so AdaBoost

w

Hinh 3-1: Hé théng phat hién khuon mat ngudi
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Tir anh gbc ban dau ta s& tinh Integral image, 13 mang hai chiéu véi phan
tlr (x,y) s& dugc tinh bang tong cla cac phan tir (x’,y’) voi X’ <y vay’ <y,
1am nhu vdy dé tinh nhanh tong cta cac gia tri mirc xam ctia mot ving hinh
chir nhat bat ky trén anh gdc. Cac ving anh con nay s& dugc dua qua cac ham
Haar co ban dé udc lugng dac trung, két qua udc luong s€ dugc dua qua bd
diéu chinh Adaboost dé loai bo nhanh cac dic trung khong c6 kha ning 1a cac
dac trung cua khuon mat nguoi. Chi c6 mdt tap nho cac dac trung ma bo diéu
chinh Adaboost cho 1a c6 kha nang la dac trung ctia khuén mat nguor mai
duoc chuyén sang cho bo quyét dinh két qua (1a tap cac bd phan loai yéu). Bo
quyét dinh sé& tong hop két qua 1a khudén mit nguoi néu két qua cta cac bd

phan loai yé€u tra vé 1a khuén mat nguo.

MBOi bo phan loai yéu s& quyét dinh két qua cho mot dic trung Haar-like,
dugc xac dinh ngudng du nhé sao cho co thé vuot duoc tit ca cac bd dit liéu
mAau trong tap dit liéu huan luyén (s6 luong anh khudén mat trong tip huan
luyén.

3.2 Phat hién khuon mit sir dung ham OpenCV
3.2.1 OpenCV la gi

Opencv viét tit cta tir Open Source Computer Vision Library.

e OpenCV Ia mdt thu vién ma nguén maé phuc vu cho vi¢c nghién ciu

hay phat trién vé thi giac may tinh.

e Tbi vu héa va xtr Iy tmg dyung trong thoi gian thuc.

¢ Giup cho viéc xay dung cac tng dung xur Iy anh, thi gidc may tinh ...
mot cach nhanh hon.

e OpenCV c6 hon 500 ham khac nhau, dugc chia lam nhiéu phan phuc

vu cac cong viéc nhu: xur 1y anh, an ninh, camera quan sat, nhan dién, robot...
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Thu vién duoc viét bang ngdn ngit C va C++ c6 thé chay trén cac hé diéu
hanh Linux, Window va MacOsX. OpenCV duoc thiét ké dé nang cao hiéu
suét tinh toan va nhan manh dén hé théng tho1 gian thyc. OpenCV dua ra mot
hé thdng don gian, d& sir dung giup moi ngudi nhanh chéng xay dung céc
g dung trong thi giac may, ké ca cac hé thong kiém tra trong nha may, birc

anh trong linh vuc y hoc, bdo mat, robot hoc...

N6 chira cac 1ap trinh xir Iy anh don gian, ké ca thuc thi cac ham bac cao

nhu do tim khuén mat, theo doi khudon mat, nhan dang khuén mat...

OpenCV duoc gi61 thi€u vao thang 1/1999, OpenCV da duogc su dung
trong rat nhiéu tmg dung, cic san pham va cac nghién ciru nhu: trong linh vuc
hang khong, str dung giam nhiéu trong y hoc, phan tich d6i tuong, an ninh, hé
théng do tim, theo doi tw dong va hé théng bao mat...., ngoai ra nd con dugc
st dung trong nhan dang am thanh. OpenCV con 1a mdt chia khoa quan trong
trong cac robot str dung thi giac nhu Stanford, Asimo.

3.2.2 Céu triic OpenCV
Céu triic cta opencv dugc chia lam 5 phan chinh, 4 trong s6 d6 dugc

chia ra nhu trong hinh sau:

Cv MLL HighGUI
Cac ham vé xir Iy anh Cdc thudt toan hoc may, Cac ham va thu tuc lam
va giai thudt vé thi glic bao gém cac bo phén viée v file anh va file
may tinh cum, phén loai théng ké video
CXCORE

Cac cau tric di¥ liéu co ban, cau trie XML, cdc ham vé 86 hoa ..

Hinh 3-2: Cau tric co ban caa OpenCV
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CV (computer vision) 1a thanh phan chita nhitng xt 1y anh co s va thut

todn thi gidc may tinh mirc cao.

MLL (machine learning library) la thu vién machine learning, cai nay

bao gdm rat nhiéu 16p thdng ké va gop cong cu xtr 1y

HighGUI chtra céac thu tuc vao ra va cac ham dung cho viéc luu trir va tai

anh video.
CXCore chtra cau tric va noi dung dir li€u co so.

3.2.3 Phat hién khuon mait véi cac ham trong OpenCV
Ttr cac phuong phap duoc dua ra & phan trude, bai toan phat hién khuon

mat duoc thuc hién theo cac budc:
e Huén luyén bo tap mau
e Xac dinh khudon mat

O budc huin luyén bo tap mau. Trong khi cai dit Opencv 3.4.2 d3 ¢6 sin

thu muc b huan luyén c6 san. Ta sé& sir dung ludn tai nguyén nay.
O budc xac dinh khudén mat sé& chia 1am 3 budc:
e Tiénxuli
e Do tim khudén mat
e Hauxuli
3.2.3.1 Huin luyén bd tip méu

Ta st dung luén bg huan luyén cé san trong thu muc cua opencv

(ascadeClassifier faceDetection;
if (!faceDetection. load("D: \\opencv\\sources\\data\\haarcascades\\haarcascade_frontalface default.uml"));

Hinh 3-3: Trong thu muc ctia Opencv da cé cac b huan luyén cé san.
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3.2.3.2 Xac dinh khuon mat

Buée 1: Tién xir Ii

Mot luu v nho 1a phuong phap HA thuc hién trén anh xam (gray image).
M&i diém anh (pixel) s& ¢ gia tri mic xam tir 0 dén 255 (khong gian mau 8
bit). Nhu vay phuong phap HA s& khong khai thac nhiing dic diém vé mau
sic khuon mat dé nhan dang song van rat hiéu qua. Anh mau s& duoc chuyén
vé anh xam dé nhan dang, viéc chuyén ddi nay kha don gian, thuc hién bang
mot ham chuyén doi va sitr dung chi voi mot cau 1énh trong Opencv nén bao
cdo chua dé cap t&i. Sau khi chuyén thanh anh xam, anh lai tiép tuc duoc
chuyén thanh “anh tich hop” va trong budc dau tién cua qué trinh nhan dang,

cac dic trung Haar-like s& lam viéc truc tiép trén anh tich hop.

Hinh 3-4: Chuyén vé anh xam

Bwéce 2: Do tim khuon mat

Integal Image 1a mang 2 chiéu voi kich thudc anh can tinh dic trung
Haar. Bt dau tir vi tri trén bén trai dén vi tri dudi, bén phai cia anh. Sau khi
da tinh duoc Integral Image, viéc tinh tong diém anh cia mot ving bat ky nao

do6 trén anh thyc hién s€ don gian hon.
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Dé phat hién khudn mat, hé thong s& cho mét cira sd con (sub-window)
¢6 kich thuée ¢b dinh quét 1€n toan bd anh dau vao. Nhu vay s€ co rat nhiéu
anh con Ung vo1 ting ctra s6 con, cac dic trung Haar-like s€ dugc dat 1én cac
ctra sO con nay dé tir d6 tinh ra gia tri ctia ddc trung. Sau d6 cac gia tri nay
duoc bd huin luyén x4c nhan xem khung hinh d6 c6 phai khuén mat hay
khong.

Hinh dudi 12 mot vi du: khung mau xanh 1a ctra s6 con, mot dic trung

Haar-like véi kich thudce va vi tri dat nhu trong hinh sau:

Hinh 3-5: TAm nhin ctia may tinh khi cac dic trung Haar chay

Budc 3: Hau xwr li
Sau khi quét cac ctra s6 con khip birc anh. Pic trung Haar s& so sanh véi
bd huan luyén miu va s& danh dau nhiing noi cé thé 1a khudn mit trong anh.
facebDetection.detectMultiScale(img, faces);
for (int 1 = 8; i ¢ faces.size(); i++) {
Point ptl(faces[i].x, faces[i].y);

Point pt2((faces[i].x + faces[i].height), (faces[i].y + faces[i].width));
rectangle(img, ptl, pt2, Scalar(e, @, 255), 2, 8, 8);

Hinh 3-6

Trong do: faces.width/height: Chiéu rong/cao ciia dic trung Haar.
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Ham detectMultiScale 14 phan tim kiém khudén mat, ham (hay phuong
thire) nay thudc 16p CascadeClassifier (16p phuc vu tim kiém dbi tuong cua

Opencv)

Ham detectMultiScale sau khi tim kiém xong s& tra vé& bo gia tri gdm toa
do géc cua khung chira khuén mat x,y ; chiéu dai, rong cua khung w, h. Cac
gia tri ndy nam trong mang faces. Céu trtc for... s& duyét qua toan bd cac bo
gia tri nay, v6i mdi bd gid tri ta dung ham rectangle dé v& mot hinh chir nhat
lén anh ban dauvéi toa d6 2 diém trai trén va phai dudi: (x,y), (X+w,y+h).

(0,0,255) 1a mau s€ vé hinh chir nhat.

=
-\_‘
-
g
P, a
i =1l
.
!Illf-“?\ Za) ||
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W &= i

.
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Hinh 3-7: C4c dic trung Haar danh dau nhiing noi c6 thé 1a khuon mit

Sau khi da déanh ddu hét nhiig noi c6 thé 13 khuon mat thi s& gop lai
nhimg hinh chit nhat chira cing mot khudén mit dé chi cho ra mot hinh chir

nhat cho 1 khuon mat.
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Xay dung trng dung phat hién khuan mat trong anh stir dung OpenCV
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Hinh 3-8: Btrc anh da duoc xac dinh khudén mat

3.3 Mot s6 két qua chwong trinh

Hinh 3-9: Bitc anh cin nhan dién khudn mat
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Xay dung trng dung phat hién khuan mat trong anh stir dung OpenCV

B C:\Users\Admin\source\repos'Python'\x64\DebughOpenCV.exe — [m| X

Da load bo huan luyen!
Nhap duong dan anh can nhan dang khuon mat: C:\\Users\\Admin\\Desktop\\ketqua\\

Hinh 3-10: Giao di¢n chuong trinh

Hinh 3-11: Két qua

Thir nhiém vé1 anh ¢é nhiéu khuén mat:
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Xay dung trng dung phat hién khuan mat trong anh stir dung OpenCV

Hinh 3-14: Két qua ( khuoén mit nghiéng chua nhan dang duoc)
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Xay dung trng dung phat hién khuan mat trong anh stir dung OpenCV
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Xay dung trng dung phat hién khuan mat trong anh stir dung OpenCV

KET LUAN
Qua tim hiéu bai toan phat hién mit ngudi trong anh em di thiy
dugc su quan trong ctia xtr Iy anh cling nhu sy phat trién va tim quan

trong ctia bai toan phat hién mit ngudi trong doi sdng.

Trong qué trinh x4y dung chuong trinh em di tim hiéu vé thu vién
mi ngudn md OpenCV. Qua d6 biét cach sir dung cac ham dugce xay

dung san trong thu vién OpenCV.

Vé chuong trinh em mai chi thuc hién phat hién mat nguoi trong
anh, két qua dat dugc nhu mong mudn, thoi gian phat hién nhanh d6i voi
mit ngudi chup thang, chat lugng anh t6t, khong c6 vat can...., con trong
cac anh nhu chup hoi nghiéng hay anh c6 mau sic tdi thi chuong trinh
van chua phat hién ra khudn mit trong anh d6. Em sé& tim hiéu thém va c6

gang khic phuc.
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Xay dung trng dung phat hién khuan mat trong anh stir dung OpenCV

TAI LIEU THAM KHAO

[1.] https://123doc.org/document/2903809-bao-cao-do-an-phat-hien-
khuon-mat-voi-thuat-toan-adaboost.htm)

[2.] https://www.stdio.vn/articles/opencv-voi-python-trong-ung-
dung-phat-hien-khuon-mat-trong-buc-anh-617
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