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LOT CAM DOAN
Téi xin cam doan d& tai "Nghién ctru mét s6 phwong phap co ban
vé nhin dang mit nguoi trong anh va tng dung" 13 cong trinh nghién
ctiru duoc toi thuc hién dudi sy huéng dan cua gido vién hudng dan khoa hoc.
Céc két qua nghién ctiu va két qua thir nghiém néu trong luan van 1a
trung thuc va chua timg duoc cong bd trong bat ky tai liéu nao khac. Trong
phan kién thirc chung, nghién ciru giai thuat ap dung toi c6 tham khao & mot

SO tai ligu va da c¢ trich dan dung va day du.

Hoc vién
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LOI MO DAU
1. Tinh cap thiét cia dé tai

Ngay nay, cong nghé thong tin 1a mot trong nhiing linh vuc quan trong
gop phan thiic ddy su phét trién kinh té cua dat nudc. Ung dung cia cong
nghé thong tin (CNTT) xuét hién & rat nhiéu linh vuc, n6 12 nén tang cua cac
nghién ctru vé cong nghé cao nhu khoa hoc vii tru, cong nghé¢ dién tor va tu
dong hoa, cac hé théng thong minh,... Khi Internet ra doi vao nhitng nam 90
d3 két ndi théng tin trén toan thé gidi lai véi nhau. Chung ta chi cin ngdi bat
ctr noi dau véi may tinh va mang 1a c6 thé truy nhap thong tin vé bat cit linh
vuc gi trén thé gioi.

Tai Viét Nam, tir nhitng nam 70 cta thé ky 20 di bat dau c6 cac nghién
ctru vé may tinh ciing nhu nhiing tmg dung vé CNTT. Hién nay Cong nghé
thong tin cling luén dugc xac dinh la linh vuc then chdt duge dau tu khong
nhitng hién dai hoa co sé ha ting ma con 13 viéc tng dung siu rdng vao cac
linh vuc cua doi sdng xa hoi.

Nghi quyét 36 ngay 1/7/2014 ctia Bo chinh tri tiép tuc khang dinh su
quan tdm chi dao sat sao cua Pang ddi voi cong tic tng dung, phat trién
CNTT, khang dinh vj tri, vai trd cia CNTT trong su nghiép xay dung va bao
vé TO quoc thoi ky méi. Nhitng dinh huéng, tu tudéng, giai phap 16n trong
Nghi quyét 36 1a tién dé quan trong dé CNTT Viét Nam phat trién manh mé,
sdu rong hon, dé ra nhitng dinh hudng 16n cho su phét trién nganh CNTT
nudc ta trong khoang 10 - 20 nam toi.

Nghi quyét 36 da chi rd6 muc tiéu phai dat dugc thol gian téi, do la:
CNTT phai dugc ung dung rong rdi va trd thanh mot nganh kinh té c6 tac
dong lan téa trong phat trién kinh té - xa hoi, bao dam quéc phong, an ninh,

g6p phan ning cao ning suit lao dong, ning luc canh tranh quéc gia, chét
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lwong cudc sdng, chi sd phat trién con ngudi Viét Nam va nang cao kha ning
phong thu qubc gia trong chién tranh mang. Pén nam 2030, dwa ning luc
nghién ctu, ing dung, phat trién, san xuét va cung ung san phém, dich vu
CNTT dat trinh do tién tién thé gid1; Viét Nam tr¢o thanh quéc gia manh vé
CNTT trong khu vuc.

Tri tu€ nhan tao 1a mot hudng nghién ctru cia linh vuc CNTT va Khoa
hoc may tinh nham phét trién cac hé théng thong minh nham giai quyét cac
bai toan trong thuc té giéng nhu hoat dong cuia bd ndo ngudi. Tri tu€ nhan tao
dugc bat dau nghién ctru tir nhitng nim 50 cia thé ky 20 va trong khoang 30
nam tr¢ lai day da dugc cong déng cac nha khoa hoc quan tdm manh m¢. R4t
nhiéu cac hoi thao 16n vé linh vuc nay dugc to chirc hang nim trén thé gidi.
Céac tmg dung tiéu biéu cua tri tué nhan tao vao doi séng xa hoi bao gom:
nguoi may, robot, xr 1y ngdon ngitr tu nhién, nhan dang, phat hién di thuong,
an ninh quéc phong, tin sinh hoc, khoa hoc vii tru va trai dat,...

Trong khuon kho luan van Thac s§¥ cua minh, qua viéc dugc trang bi cac
mon hoc 1§ thuyét nhu thuat toan, xu 1y anh, tri tu€ nhan tao,... to61 da lya chon
dé tai Nghién cieu mét s6 phwong phdp co bin vé nhin dang mdit nguwoi
trong dnh va wng dung. Chi dé phan 16p dir liéu 1a mot nhanh quan trong
trong linh vyc hoc may (machine learning) cta tri tué nhan tao. Chung ta c6 thé
ké cac tmg dung cta hoc may trong thuc té nhu nguodi may, robot, nhan dang
mat ngudi, nhan dang tiéng n6i va chit viét,.. .
2. Pbi twong va pham vi nghién ciru.

2.1. Poi twong nghién ciru

Bai todn phan 16p c6 gidm sat (classification) dac biét 1a hai phuong phap
phan 16p Support Vector Machine va phuong phap PCA.

2.2. Pham vi nghién ciru
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- Ly thuyét: Nghién ctru 1y thuyét vé xir Iy anh, phuong phap SVM va
phuong phap PCA.

- Thuc nghiém: Lap trinh trén ngén ngtt C# cho ung dung nhan dang
mat nguoi trong anh.

3. Phuwong phap nghién curu.

- Thu thap, phan tich cac tai liéu va thong tin lién quan dén dé tai tir do
dua ra cai nhin tong quan, cac khé khin gip phai, cac rang budc cia
bai toan...

- Tién hanh phén tich, xdy dung giai phap nhan dang gom c6 : Tién Xt
1y, trich chon déc trung, huén luyén mo hinh, hau xtr 1y.

- Xay dyng va kiém thtr viéc danh gia hiéu qua phuong phap nhan dang
bang ngdn ngit C#.

4. Y nghia khoa hoc va thue tién ciia dé tai.

Vé khoa hoc: Giap dua ra mdt cai nhin téng quan vé bai toan nhan dang mat
nguoi. Panh gia vé hiéu qua cta phuong phap PCA va SVM ciing nhu kha
nang ung dung cua chung.

Vé thue tién: Nhan dang mit nguoi 1a phuong phap co nhiing ing dung thuc
tién ma nhirg phuong phap khac khong c6 dugc. Trong tuong lai nhan dang
mat nguoi hra hen s€ dugc su dung phé bién trong nhiéu linh vuc nhu an
ninh, phong chdng t6i pham, quan 1y nhén sy...

5. Cau tric ciia luin vin.

CAu trac cua luan van Nghién citu mét s6 phwong phdp co bdin vé

nhdn dang mdt nguoi trong dnh va img dung bao gom nhitng chuong nhur

Sau.
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Chirong 1: Tong quan vé linh vuc xr Iy anh va hoc may.

Chwong 2: Nghién ctru tim hiéu phuong phap PCA va phuong phap
SVM.

Chwrong 3: Chuong nay s& di siu vao viéc cai dit ung dung cu thé cho

bai toan nhan dang mit nguoi trong anh bang phuong phap PCA.

Két ludn: Tom tat cac van dé dugc tim hi€u trong luan van va cac van dé

lién quan trong luan van, dua ra mot s6 hudng nghién curu ti€p theo.
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CHUONG 1. TONG QUAN

1.1 Gi6i thiéu vé tri tu¢ nhan tao va hoc may
1.1.1 Giei thiéu

Tri tué nhan tao 13 linh vuc nham nghién ctru va phat trién cac hé théng
(phan mém, phin mém nhung) c6 kha ning giai quyét cac bai toan gidng nhu
cach thuc giai quyét cia con ngudi trong mot ngir canh nao d6. Theo [13], mot
hé théng tri tué nhén tao c6 thé c6 mot hodc mot s6 kha nang nhu: suy nghi, lap
luan, cam nhén, quyét dinh, hoc, diéu khién, nhan dang,... Cac hé théng tri tué
nhan tao bat dau duoc nghién ctu tir nhimg nam 1956 cia thé ky 20 véi cac
nghién ctru tai Stanford vé mang no ron, 1y thuyét tu dong cia John MacCarthy
[13].

Hoc may (machine learning) 1a mdt linh vuc cua tri tu¢ nhan tao nghién
ctru phat trién cac phan mém cho dung cho mdy tinh hodc hé thong mdy tinh cd
c6 thé giai quyét cac tinh hudng cu thé hoic nhin dang ra cac mau giéng nhu
con ngudi (xem hinh 1.1). Mdy tinh hoic hé thong mdy tinh & day hiéu rang la

bat ky h¢ thong nao ma c6 thé nap va stt dung phan mém dé thyc hién trén no.

Trong linh vuc hoc may hién nay c6 ba phuwong phap hoc co ban bao gom:

hoc c6 giam sat, hoc ntra gidm sat va hoc khong giam sat.

- Y tuwdng co ban caa hoc c¢6 giam sat c6 thé hiéu nhu ching ta cung cap mot
s6 mau (vi du dir liéu, hinh anh, dd vat d3 gan nhan) cho hé théng hoc va
sau d6 thiét ké phat trién cac hé thong co thé suy dién hay nhan biét mau

ma&i nam trong pham vi né da dugc hoc.

- Hoc ntra gidm sat khac vé1 hoc co giam sat 1a cac thudt toan dang nay chi
st dung mot lugng nho cac mau (cac dir li¢u da gan nhan) dé hoc va suy

luan ra cac dir liéu chua gén nhan.
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- Hoc khéng giam sat khong dung bat ky dir liéu gan nhin nio ma chi sir
dung cac dir liéu khong c6 nhan dé thuc hién yéu cau nao do ch‘fmg han

nhu phan cum cac dir li€u hay phat hién cac di thuong trong dir li¢u hay

ngoai suy.
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Hinh 1.1 Cdac mé hinh cua hoc may
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1.1.2 Ung dung ciia linh vuc hoc may

Xu i ngén ngir tu nhién (Natural Language Processing): xu li van ban,

giao tiép nguo1 - may.

Nhan dang (Patten recognition): nhan dang tiéng néi, chit viét tay, van

tay, thi gidc may, thién van hoc

May tim kiém nhu Google, Yahoo, You tube: cac hé théng nay sir dung

cac cong cu ctia hoc may dé phat trién hé thong

Chan doan trong y té: tro' giup phan tich anh X - quang, cac hé chuyén

gia chan doén ty dong

Tin sinh hoc: phan loai va du doan chudi gene, dy doan tinh chét cua

thudc moi

Phat hi¢n gian lan tai chinh, gian 1an thé tin dung, phat hién di thuong
(hinh 1.3)

Phan tich thi truong chirng khoan (stock market analysis)
Tro choi: choi co (Deep blue, IBM, 1998),

Ngudi may (robot): 1 tong hop cia rat nhiéu nganh khoa hoc, trong d6

hoc may tao nén hé than kinh/bd nio ctia ngudi may (xem hinh 1.2).

Hinh 1.2 Nguoi may ASIMO cua hang HONDA, mot trong nhitng ung dung cua

linh vuee tri tué nhan tao
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Hinh 1.3 Phat hién vung bi hong (di thuong) trén vo cam

Trong ndi dung cua luan van nay, ching t6i chon bai toan phan 16p (mot
dang ctia phuong phap hoc ¢ giam sat) dé nghién ctru va tim hiéu ciing nhu thir
nghiém cac tng dung thuc té. Trong phan tiép theo, chung toi sé trinh bay cac
thuat ngtr, cac dinh nghia va khai ni¢ém co ban, tiép do chung t61 nghién ctru hai
phuong phap phan 16p co ban 1a PCA va SVM trong chuong 2, phan thuc
nghiém va danh gia két qua 1a noi dung cta chuong 3 s& téng két cac két qua da

lam dugc va hudng phat trién tiép theo.
1.2 Tong quan veé xir Iy anh s6 va ing dung
1.2.1 Gieéi thiéu

Linh vyc xir 1y anh s6 1a viée thyc hién xir 1y anh dua trén mot thuat toan
nao d6 trén may tinh [1, 7]. Trong nhimg nim gan day linh vyc xu 1y anh va
mg dung phat trién manh mé trén thé gi¢i, mdi ndm ludn c6 cac hoi thao quy

mo 16n vé linh virc nay. Mot hé théng xtr Iy anh tong quat co thé minh hoa

trén hinh 1.4.

- Problem domain: Van dé can giai quyét: chang han bai toan nhan dang

mat nguoi, bai toan phan cum anh, bai toan phat hién ddi tuong trong anh,...
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- Specialized image processing hardware: 13 bd chuyén d6i anh sd, doi

khi 1a nhiing cong cu chuyén dung cho phép xtr Iy nhanh va song song cac

phép toan.
Network
Image display Computer Mass storage
Specialized image Image processing
Hard copy processing software
hardware

|

Image sensors

1

Problem domain

Hinh 1.4. Tong quan vé hé théng xir 1y anh trén may tinh [4]
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- Computer: La thanh phan khong thé thiéu trong hé thdng xur 1y anh,
computer & ddy co thé bao gém nhiéu loai tir théng thudng dén cac hé thong
siéu may tinh.

- Software: 1 cac phan mém chuyén cho timg muc dich cu thé

- Massstorage: Vung luu trit, v6i dir liéu 1a cac anh yéu cau mot khong
gian luu trir 16n.

- Image display: c6 thé 13 man hinh mdy tinh, LCD, TV,...

- Hardcopy: may in lase, camera, may in kim,...

- Networking: hé thong mang dung cho myc dich truyén thong

Céc tng dung cua xtr 1y anh hién nay rat rong, bao gém: Y hoc, khoa hoc
trai dat, vii try, nhan dang, phan nhém, giam sat...

1.2.2 Nhirng khai niém co’ ban trong xir ly anh
1.2.2.1 Piém danh (pixel)

Géc cua anh 13 anh lién tuc vé khong gian va do sang. Dé xtr Iy bang may
tinh (hé thong may tinh), anh can phai dugc s6 hoa. S6 hoa anh dugc hiéu 1a su
bién d6i gan dung mot anh lién tuc thanh mot tip diém phu hop v6i anh that vé
vi tri (khong gian) va do sang (mutc xam). Khoang cach giira cac diém anh duoc
thiét 1ap sao cho mat ngudi khong phan biét dugc ranh gidi gitra chung. Mbi
mot diém nhu vay goi 13 diém anh hay pixel. P6i vé6i anh hai chiéu, mdi pixel
tuwong ung voi cap toa do (X, Y).
1.2.2.2 D¢ phan gidi ciia dnh

Do phan giai (resolution) ctia anh 1a sb luong diém anh trén mot anh (ving
anh) cu thé. Theo dinh nghia, khoang cach giita cac diém anh phai dugc chon

sao cho mat nguodi van thay dugc su lién tuc cia anh. Viéc lya chon khoang
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cach thich hop tao nén mot mat d§ phan bo, d6 chinh 1a do phan giai va dugc
phan bd theo truc X va y trong khong gian hai chiéu. Thuc té d6 phan giai cang
16n thi anh cang thdt nguoc lai do phan giai thip anh s& md di hodc tham chi
khong 10.
1.2.2.3 Murc xam ciia dnh
La két qua cuia su bién doi twong (mg mot gia tri do sang ciia mot diém anh
vO1 mot gia tri nguyén duong. Thong thuong né xac dinh trong khoang [0...255].
Tuy thudc vao gia tri xam ma moi diém anh duoc biéu dién trén 1, 4, 8, 24 hay
32 bit trong may tinh.
1.2.2.4 Anh sb
Anh s6 bao gém tip hop hitu han cac diém anh, thuong dugce biéu dién
bang mot mang hai chiéu I(m,n) v&i m 1a s6 hang, n 1a s6 cot. Ta ky hiéu P(x,y)
1a mot diém anh tai vi tri (X, y). Sd lugng diém anh trén mdi hang hodc cac hang
xac dinh do phan giai ctia anh. Anh s6 duoc chia 1am 3 loai:
- Anh nhj phan
- Anh xam
- Anh mau
1.2.2.5 Cdc mdi quan hé co bén giita cdc diém danh
Lan can ciia mot diém anh: mot diém anh p tai toa dJ (x, y) c6 céac lan can
theo chiéu ngang va chiéu doc 1a: (x+1, y), (x-1, y), (X,y+1), (X, y-1).
Tap hop céc diém anh trén duge goi 1a 1an can 4 cua p, ky hiéu Nu(p). Mbi
diém anh c6 khoang cach don vi dén (x, y), va néu (x, y) nam trén bién ctia anh

thi 1an can cua n6 c6 thé ndm ngoai anh.
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Cac l1an can chéo cua p c6 toa do: (x+1, y+1), (x+1, y-1), (x-1, y+1), (x-1, y-1).
Tap lan can chéo dugc ky hiéu ND(p). Tap lan can chéo cung voi lan cén 4 tao

thanh 1an can 8 cua p, ky hiéu Ng(p) (xem hinh 1.5).

— X %

N.(p) Np(p) Ng(p)

Hinh 1.5 Lén cdn cua 1 diém anh

A
—

v

Céac mdi lién két duoc sir dung dé xac dinh gisi han (Boundaries) cia doi
tuong vat thé hoic xac dinh ving trong mét anh. Mot lién két dugc dic trung
boi tinh lién ké giira cac diém va muic xam cta ching.

Gia sur V 1a tap cac gia tri mic xam. Mot anh co cac gia tri cuong do sang
tir thang murc xam tir 32 dén 64 duge md ta nhu sau:

V={32, 33, ... 63, 64}
C6 3 loai lién két:
- Lién két 4: Hai diém anh p va q véi cac gid tri cuong do sang V duoc
n6i 1a lién két 4 néu g nam trong tap Nu(p).

- Lién két 8: Hai diém anh p va q véi cac gia tri cuong do sang V duoc

goi 14 lién két 8 néu q nam trong tap Ng(p).

- Lién két m (lién két hdn hop): Hai diém anh p va q véi cac gia tri
cuong d6 sang V dugc noi 1a lién két m néu: ¢ thudc Na(p) hodc g
thuoc ND(p).

1.2.2.6 Biéu dién anh
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Anh sau khi sé hod s& dugc Iuu vao bo nhé, hoic chuyén sang cac khau
tiép theo dé phan tich. Néu luu trit anh truc tiép tir cac anh tho, doi hoi dung
luong bd nhé cuc 16n va khong hiéu qua theo quan diém ung dung va cong
nghé. Thong thudng, cac anh thdé d6 duge dic ta (biéu dién) lai (hay don gian 1a
mi hod) theo cac dic diém cua anh duoc goi 1a cac dic trung anh (Image
Features) nhu: bién anh (Boundary), viung anh (Region). Mot sé phuong phap
biéu dién thuong dung:

- Biéu dién bang ma chay (Run-Length Code)

- Biéu dién bang ma xich (Chaine -Code)

- Biéu dién bang ma tir phan (Quad-Tree Code)
Biéu dién bang ma chay

Phuong phap ndy thuong biéu dién cho ving anh va ap dung cho anh nhi
phan. Mgt ving anh R c6 thé ma hoa don gian nho mdt ma tran nhi phan:

U(m,n) = 1 néu (m,n) thudc R

U(m,n) = 0 néu (m,n) khong thuéc R

Trong d6: U(m, n) 1a ham mo ta mirc xam anh tai toa do (m, n). Véi cach
biéu dién trén, mot vung anh dugc mo ta bﬁng mot tap cac chudi s6 0 hoic 1.
Gia st chung ta mo ta anh nhi phan cua mdt vung anh dugc thé hién theo toa do
(X, y) theo cac chiéu va dic ta chi ddi véi gia tri “1”. Khi d6 dang mo ta co thé
1a: (x, y)r; trong d6 (X, y) 1a toa do, r 1a sd luong cac bit ¢ gia tri “1” lién tuc

theo chiéu ngang hoic doc.
Biéu dién bing mi xich (Chaine -Code)

Phuong phap nay thudng dung dé bicu dién duong bién anh. Mot duong

bat ky duogc chia thanh cac doan nho. Nbi cac diém chia, ta c6 cac doan théng
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ké tiép dugc gan hudéng cho doan thiang d6 tao thanh mot day xich gém cac
doan. Céac huong co thé chon 4, 8, 12, 24,... mdi huong dugc ma hoé theo s6

thap phan hoic s6 nhj phan thanh ma cta hudng (xem hinh 1.6).

2
3 a 1
4
< > 0
3 \ 4 7
6

Hinh 1.6 Hudng cdc diém bién va ma twong img
Biéu dién bang ma tir phian (Quad-Tree Code)

Phuong phép ma tir phan duoc dung dé ma hoa cho ving anh. Ving anh
dau tién dugc chia 1am bon phan thuong 1a bang nhau. Néu mdi ving da
dong nhat (chtra toan diém den hodc trang), thi gan cho ving d6 mot ma va
khong chia tiép. Cac ving khong dong nhét duoc chia tiép lam bon phan theo
thu tuc trén cho dén khi tat ca cac ving déu dong nhat. Cac ma phan chia

thanh cac vung con tao thanh mét cdy phén chia cc ving dong nhat.

1.2.2.7 Cac dinh dang dnh co bdn

Anh thu duoc sau qua trinh s6 hoa thudng dugc Iuu lai cho cac qua trinh xir

Iy tiép theo hay truyén di. Trong qua trinh phat trién cua ky thuat xt 1y anh, ton

tai nhiéu dinh dang anh khac nhau tir anh den trang (véi dinh dang IMG), anh da

cdp xam cho dén anh mau: (BMP, GIF, JPE...). Tuy cac dinh dang nay khac

nhau, song ching déu tuan thu theo mét cdu trac chung nhat. Nhin chung, mot

tép anh bat ky thuong bao gom 3 phan:

- Mao dau tép (Header)
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- Dt liéu nén (Data Compression)

- Béang mau (Palette Color)

1.3 Mot s6 bai toan trong xir y znh
1.3.1 Tang cwong anh

Tang cudng anh 1a budc quan trong, tao tién dé cho toan bd qué trinh xtr Iy

anh. Tang cuong anh nham hoan thién céc dic tinh cta anh nhu:
- Loc nhiéu, hay lam tron anh.
- Tang d6 twong phan, diéu chinh mtrc x4m ctia anh.
- Lam ndi bién anh.
Céc thuat toan trién khai viéc nang cao chét lugng anh hau hét dya trén cac

k¥ thuat trong mién diém, khong gian va tan sd. Hinh 1.7 minh hoa vi du vé ting

cuong anh.
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Hinh 1.7 Vi du vé tang cuong dnh: Hinh B va D twong vmg la két qud ciia sw

tang cuong anh cua hinh A va C

1.3.2 Phin vung anh

Dé phan tich cac ddi twong trong anh, chung ta can phai phan biét duoc
cac ddi tuong can quan tdm voi phan con lai ciia anh. Nhitng dbi twong nay cé
thé tim ra dugc nho cac ki thudt phan ving anh.

Ving anh 13 mot chi tiét, mot thyuc thé trong toan canh. No6i ¢én ving anh
1a no6i dén tinh chat bé mat cua anh. N6 1a mot tap hop cac diém co cung hoac
gan cung mdt tinh chat nao d6: mic xam, mau sac... Puong bao quanh mot
ving anh (Boundary) 1a bién anh. Cac diém trong mét ving anh c6 do bién thién

gia tri mirc xam tuwong ddi dong déu hay tinh két cau tuong dong.

Mot phuong phap phan ving anh 1a sir dung mot ngudng gia tri xam dé
phan tach anh thanh dbi twong va nén (nhimg diém dudi ngudng xam thudc vé
nén, nguoc lai thudc vé doi tuong).

Ung dung cua phan vung anh trong céac linh vuc nhu nhan dang doi tuong,

phat hién di thuong,...

Hinh 1.8 minh hoa vé bai toan phan ving anh.
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Vung 2

Vung 4

Hinh 1.8 Vi du vé phdn ving anh (mau den tiwong vmg la mau nén): Anh goc va

5 vung twong ung cua no

1.3.3 Trich chon dac tinh

Muc dich cua vié¢c trich chon céc dac tinh 1a 1am giam kich thuéc ctia anh
va dong thoi van bao toan thong tin can thiét vé burc anh. Viéc trich chon hiéu
qua cac dic diém gitp cho viéc nhan dang cac di twong anh chinh xac, véi toc

d0 tinh toan cao va dung lugng nhé luu trit giam xuéng.

Dua trén cac thong tin thu nhan duoc qua qué trinh phan ving, két hop véi

cac ky thuat xtr 1y dé dwa ra cac dic trung vé ddi tuong anh cling nhu cac thong
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tin can thiét trong qua trinh xir 1y. Trich chon dic trung phu thudc vao ban chat

cua bai toan can xu ly.

Hinh 1.9 minh hoa vé viéc trich chon dic trung cta anh.

Hinh 1.9 Vi du vé xdc dinh cdac dac trung cua anh dua trén phdn vung anh

1.3.4 Nén anh
Nhim giam thiéu khong gian luu trit cia anh, nén anh thuong duoc tién
hanh theo ca hai khuynh huéng 1a nén c6 bao toan va khong bdo toan thong tin.
Nén khong bdo toan thi thuong c6 kha nang nén cao hon nhung kha nang
phuc héi thi kém hon. Trén co so hai khuynh huéng, c6 4 cach tiép can co ban
trong nén anh:

- Nén anh thong ké: K¥ thuat nén nay dua vao viéc thong ké tan sudt xut
hién cua gia tri cac diém anh, trén co s& d6 ma c6 chién lugec ma hoa
thich hop. Mdt vi du dién hinh cho ky thuat ma hoéa nay la *. TIF

- Nén anh khong gian: Ky thuat nay dua vao vi tri khong gian ctua céc

diém anh dé tién hanh m3 hoa. K¥ thuat loi dung su giéng nhau cua cac
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diém anh trong cac vung gin nhau. Vi du cho k¥ thuit ndy 13 mi nén

*.PCX

- Nén anh sir dung phép bién d6i: Pay 1a ki thuat tiép can theo huéng nén
khong bao toan va do vy, k¥ thuat thuéng nén hiéu qua hon. *.JPG
chinh 13 tiép can theo k¥ thuat nén nay.

- Nén anh Fractal: St dung tinh chit Fractal ctia cac doi tuong anh, thé
hién su 1ap lai cua cac chi tiét. K¥ thuat nén s¢€ tinh toan dé chi can luu

trit phan gdc anh va quy luat sinh ra anh theo nguyén 1y Fractal.

1.3.5 Phat hién bién anh

Diém Bién: Mot diém anh duoc coi 1a diém bién néu co6 sy thay dbi nhanh
hodc dot ngot vé mirc xam (hoic mau). Vi du trong anh nhi phan, diém den
goi 14 diém bién néu lan cén né co it nhat mot diém tring.

Puong bién (dwong bao: boundary): tap hop cac diém bién lién tiép tao thanh
mot duong bién hay duong bao.

Y nghia ciia dwong bién trong xir ly: ¥ nghia dau tién: duong bién 1a mot loai
dic trung cuc b tidu biéu trong phan tich, nhan dang anh. Thi hai, nguoi ta
st dung bién lam phan cach cac viung xam (mau) cach biét. Nguoc lai, nguoi
ta cling sir dung cac ving anh dé tim duong phan cach.

Tam quan trong cia bién: dé thiy rd tdm quan trong cua bién, xét vi du sau:
khi nguoi hoa sy mudn vé mot danh nhan, hoa sy chi can vé vai duong nat toc
hoa ma khong can vé mot cach day du.

M&6 hinh biéu dién dwong bién, theo toan hoc: diém anh cé sy bién ddi muc

xam U(X) mot cach dot ngot (hinh 1.10, 1.11).
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a, Puong bién ly tuong

Hinh 1.10 Vi du vé dwong bién anh
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X
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b. Buwong bién bac thang

AU
/X
»

¢, Buong bién thye

Hinh 1.11 Vi du vé xdc dinh dwong bién trong dnh
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Phan loai cac ky thuat phat hién bién
Tu dinh nghia toan hoc cua bién nguoi ta st dung hai phuong phap phat hi¢n
bié€n nhu sau:
a, Phuong phdp phat hién bién truc tiép: phuong phap nay chu yéu duwa vao
su bién thién d6 sang cua diém anh dé lam ndi bién bang ky thuat dao ham.

- Néu lay dao ham bac nhét cia anh: ta c6 phuong phap Gradient

- Néu liy dao ham bac hai cta anh: ta c6 phuong phap Laplace.
Hai phuong phap nay duoc goi chung la phuong phap do bién cuc bd. Ngoai
ra, nguoi ta con st dung phuong phap “di theo duong bao” dua vao cong cu
toan hoc 1a nguyén 1y quy hoach dong va dugng goi la phuong phap do bién
tong thé. Phuong phap do bién truc tiép c6 hiéu qua va it bi tac dong cua
nhiéu.
b, Phwong phdp phdt hién bién gian tiép: Néu bang cach nao ddy, ching ta
thu duong cac vung anh khac nhau thi duong phan cach gitra cac vung dé
chinh 1a bién. No6i cach khac, viéc xac dinh duong bao cta anh dugc thuc hién
tir anh da dugc phan ving. Phuong phép do bién gian tiép kho cai dit nhung

ap dung tot khi su bién thién do sang nho.

1.3.6 Khéi phuc anh

Khoi phuc anh 1a phuc héi lai anh gbc so voi anh ghi duoc da bi bién dang.
N6i cach khac, khoi phuc anh 1a cac k§ thuat cai thién chat luong nhiing anh ghi

dam bao gén duoc nhu anh that khi anh b1 méo.

Pé khoi phuc duoc anh cé két qua, diéu can thiét 1a phai biét dugc cac
nguyén nhan, cac ham (hay dang) gdy ra bién dang anh. Cac nguyén nhan bién

dang thuong do:
- Do camera, dau thu anh chat luong kém.

- Do moi trudng, anh sang, hién trudng (scene), khi quyén, nhidu xung.
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- Do chét luong.

K¥ thuat khoi phuc anh c6 thé duoc xac dinh nhu viée udc lugng lai anh
gbc hay anh 1y tudng tir anh quan sat dugc bang cach do nguoc lai nhitng hién
tugng gy bién dang, qua d6 anh duoc chup. Nhu vay, k¥ thuat khoi phuc anh

doi hoi kién thirc vé cac hién tuong gy bién dang anh.

Vé mat phuong phap, cac ngudn tao bién dang c6 thé nhom lai theo cac xir 1y

nhu sau:

Bién dang diém.

Bién dang khong gian

Bién dang thuong (Temporal)

Bién dang mau sic (Chromatic)

Do qua trinh tao anh ghi duoc lién quan dén diém anh xung quanh,
chung ta tap trung xét cac bién dang trong khong gian. Mot s6 vi du dién hinh
cua bién dang khong gian dugc xem xét nhu sau.

- Nhiéu loan cta khi quyén (thién vin) gitta cac éng kinh thu va ddi
tugng trong qué trinh chup anh. Do sai s hé thdng (hé phi tuyén).
- Sai léch hé thong c6 thé biéu dién bang sai léch ham truyén (vi dy:

su dich pha ham truyén cohenent trong quang hoc...)
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(a) (b)

(©) (d (e)
Hinh 1.12 Vi du vé khéi phuc anh

Cac ky thuat khoi phuc anh:
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- Mo hinh khoi phuc anh c6: mé hinh tao anh, mé hinh gay nhiéu, mo
hinh quan sat.
- Loc tuyén tinh c6: loc ngugc, dap tng xung, loc hitu han FIR.

- Cac ky thuat khac: Entropy cuc dai, m6 hinh Bayes, giai chap.
Hinh 1.12 minh hoa vé viéc khoi phuc anh.

Trong cac chuong tiép theo ching tdi sé trinh bay cac phuong phap nhan
dang miat nguoi trong anh nhu SVM, PCA va tir d6 xdy dung hé thong thir
nghiém cho bai toan nhin dang. Cac kién thirc nén tang vé xu 1y anh, dai sd

tuyén tinh, ma tran,... cling s€ dugc st dung vao cac phan tiép theo.
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CHUONG 2. NGHIEN CUU PHUONG PHAP PCA VA PHUONG PHAP
SVM TRONG BAI TOAN NHAN DANG MAT NGUOI

2.1 Tong quan
2.1.1 Giéi thiéu

Hoc may (machine learning) 1a mét linh vuc cua tri tu¢ nhan tao nghién
ctru phat trién cac thuat toan dung cho mdy tinh hodc hé thong mdy tinh ma nd
c6 thé giai quyét cac tinh hudng cu thé hoic nhin dang ra cic miu gidng nhu

con ngudi. Hoc may ké thira thanh tyu cua nhiéu linh vue khoa hoc (xem hinh
2.1).
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Hinh 2.1 Cdc linh vye lién quan dén hoc may

Ly thuyét vé tri tué nhan tao: La mot linh vuc cta tri tué nhan tao nén hoc may
dung cac khai ni¢ém nhu: bai todn tim kiém, biéu dién va xu 1y tri thirc, st dung
tri thirc va suy dién,...

Ly thuyét do phuec tap tinh todn: tinh d6 phuc tap cua cac nhiém vu hoc do qua

cac vi du dao tao, so 101 va cac tinh toan...
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Ly thuyét diéu khién: Cac thi tuc hoc dé diéu khién qua trinh nham t6i uu hod
muc dich dinh trudc hay hoc cach doan céac trang thai tiép theo ctia qua trinh
diéu khién.

Ly thuyét théng tin: cac d6 do ciia ndi dung thong tin va entropy, ma tdi wu va

quan hé ctia chung t&i diy dao tao t6i vudé ma hoa mot gia thuyét.

Triét hoc: nhitng nguyén 1y nhu Occam's razor (cho rang gia thuyét don gian
nhat 13 t6t nhat, cac phén tich luan ching dé tong quat hoa cac dir lidu quan sat

duoc.

Tam Iy hoc va thdn kinh hoc: cac dap tng thuc t€ cua con nguoi, cac mo hinh

neural.

Thong ké: dac trung 151, 1y thuyét 1y mau, khoang tin cay

2.1.2 Bai toan nhan dang ddi twong

Mot méu (pattern) 1a mot su sdp xép cua cac yéu to mo ta, feature dugc sir
dung trong linh vuc nhan dang ddi tuong dé chi dac trung cua mot mo ta. Mot
16p cac mau biéu thi cac mau cbd cung cac tinh chit nao d6. Nhan dang mau 1a
k¥ thuat dé gan cac mau vao 16p twong tmg ciia né — gan ty dong voi mot sé it
nhat sy tro gifip cia con ngudi. Mot mau trong thuc té st dung ba dang biéu
dién co ban 1a vector, xau ki tir va cay (tree). Trén thuc té c6 hai chién lugc nhan
dang co ban bao gdm nhén dang theo 1y thuyét quyét dinh (mé hinh toan hoc),

nhan dang theo cau trac cia doi tuong.
Nhén dang dwa trén 1y thuyét quyét dinh
- Phuong phap d6i sanh

Trong phuong phap nay, mdi 16p biéu dién bang mot vector mau. Mot mau
chua biét s& duoc gan vao 16p gan nd nhat. Chang han cach don gian nhat 1a tinh

khoang cach tir miu d6 dén céac 16p rdi chon 16p c6 khoang cach ngin nhét dé
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quyét dinh.
- Phan 16p dua trén 1y thuyét t6i uu va thong ké
Véi phuong phép nay, 1y thuyét xac suat sé duoc sir dung va mot trong nhiing
phuong phép pho bién 14 Iy thuyét Bayes cho cac miu c6 phan bd Gaussian.
- Phan 16p dua trén mang No ron
Phuong phap sir dung mang No ron dugc nghién ciru tir nhitng ndm 80 cila thé
k¥ 20 va d3 c6 nhiéu vu diém ciing nhu cac tng dung sir dung. Y tudng cia
phuong phap nay 1a sir dung cac no ron dé xay dung cau tric mang va giai quyét
bai toan t6i uu dé xac dinh ham phan 16p. Hién nay mang No ron van 13 mot
cong cu hi€u qua cho céc bai toan nhan dang trong cac linh vuc khac nhau.
Cdc phwong phdp dua trén cdu tric
- Phuong phap so sanh hinh dang
Y tudng cua phuong phap nay 1a dbi sanh cac duong bién theo, d twong tu giita
hai viing dugc dinh nghia nhu 14 s6 cac canh tring nhau 16n nhat.
- Phuong phéap so sanh xau ki tu
Gia su ré‘mg can dbi sanh hai vung bién a va b, mdi vung biéu dién bdi aa,...a,
va bib,.,..b,. Pat o 1a sé luong cac ki tu tring nhau d6i mot cla cac xau a va b.
S6 lugng cac diém khong théa man 1a:

p=max(jal, [b]) - &

Do do tuong tu gitta a va b la:

a (04

R=Z=
p max(jaljo))- o

Ung dung ciia bai toan nhin dang
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Mot s6 bai toan nhan dang kha phd bién hién nay dang duoc 4p dung trong
khoa hoc va cong ngh¢ la: nhan dang ky tu (chtr in, chir viét tay, chir ky dién tr),
nhan dang van ban (Text), nhan dang van tay, nhan dang ma vach, nhan dang
mit nguoi (xem hinh 2.2 - 2.4). Chung ta c6 thé tim thdy nhiéu ung dung cua
cac bai toan trén trong cac bai toan thyc té. Cac ky thuat dé nhan dang anh duoc

nghién ctru nhiu trong tri tu¢ nhan tao.

! Hé théng nhan dang mat ngudi

= @ﬂ
- — - -

Anh diing d& huan luyén Két qua

Tén ngudi trong anh

DT Van, Van,

S6 ludng mat ngudi trong anh

2
Tén Nhaptén
2. Thém anh huan luyén 1. Bat dau
S A
r 3 &=l = Bl
8! Hé thdng nhan dang mat ngudi EI_IQ
Anh diing d& huan luyén Két qua

Tén ngudi trong anh

Diing,

S6 ludng mat ngudi trong anh

1

Tén Dung

2. Thém anh huan luyén 1. Bat dau

Hinh 2.2 Vi du vé hé tho”'ng nhan dang mat nguoi
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4A Delphi DCR

=
DIGITAL
CHARACTER
RECD GNITION

Recognition Result

DIGITAL CHARACTER RECOGNITION

Hinh 2.3 Vi du vé hé théng nhan dang chir viét tay

Person Importance

Hinh 2.4 Vi du vé tim kiém nguwoi quan trong trong dnh

S6 hod boi Trung tam Hoc liéu — DHTN  http://www.lrc.tnu.edu.vn



33

Trong phan tiép theo ciia chwong chung t6i s& trinh bay hai phuong phap
nhén dang co ban la phuong phip PCA (Principle Component Analysis) va
phuong phap SVM (Support Vector Machine).

2.2 Bai toan hoc ¢6 giam sat
Hoc ¢ giam sat (supervised learning) 1a mét trong nhitng chi dé& quan
trong trong linh vyc tri tu€ nhan tao. Bai toan hoc c6 giam sat duoc phat biéu

nhu sau:

Cho tdgp X = {xi}, i =1, 2, ..., N vdi x; dién td mét doi twong trong khong
gian d chiéu. Vi moi x;i twong vmg c6 nhan la y; véi y; € {Cy, Cy, ..., Cu} hodc
Vi € R. Muc tiéu cua bai toan hoc co giam sat la di xay dung ham f(.) dua trén
cdc bo (xi, i) Sa0 cho ham f c6 kha néing xdc dinh nhdn cho mét déi dwong

Xnew 1140 dO.

Bai toan hoc c6 gidm sat dugc minh hoa bdi hinh 2.5. Hoc c6 giam sat
trc 14 hoc tir cac mau thu thap duoc sau d6 nhan dang hay phan 16p cho mau
méi, né khac voi bai toan hoc khong giam sat — khong c6 mau hoc ban dau
ma chi c6 dit liéu can giai quyét.

Training

\ 4

P
Xnew /' . Vi:
> Classm

Hinh 2.5 M6 hinh hoc co giam sat

v

Chung ta ciing luu y rang khai niém hoc mdy & day dugc hiéu 1a phat

trién cac thuat toan cai dat trén may tinh dé day cho may tinh hoc va giai
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quyét cac bai toan gidng nhu cach giai quyét cua con nguoi trong mot khia

canh nao dé va trong moét linh vuc cu thé nao do.

Nhu vay tir cac dit lidu ban dau, ching ta phai phét trién thuat toan (pha
training: pha hoc) nhdm tao ra mot bo phan 16p (classifier) dé co thé xac dinh

nhan cho cac doi tugng dau vao moi (Xpew)-
Mot s6 vi du vé€ bai toan hoc c6 giam sat:

- Bai todn nhan dang bién s6 xe: H¢ thong sé dugc hoc cac ky tu chit va so, sau

do s€ ty dong phat hién céac bién s6 xe va chuyén vé dang van ban.

- Bai toan nhan dang mit ngudi: Hé thong s& duoc huin luyén véi cac miu anh
mat nguol kem vai nhan cia nd, sao do co thé dinh danh cho mét khudn mat
moi.

Cac thuat toan hoc c6 giam sat tiéu biéu trong thuc té hién nay co thé ké
dén nhu: phuong phap Support vector machine (SVM), phuong phap mang No
ron, phuong phap ciy quyét dinh, phuong phap Principle Component Analysis
(PCA),... Mdi phuong phép c6 nhiing wu va nhugc diém riéng ciing nhu phu
hop cho cac tng dung theo linh vuc. Trong phan tiép theo cua chuong nay, toi
lwa chon hai phuong phap 13 SVM va PCA cho viéc nghién ctru va tim hiéu

cling nhu phan tich vu nhugc diém cia né.
2.3 Phwong phap PCA vir irng dung cho bai toan nhan dang mat ngwoi

2.3.1 Giéi thiéu vé phuong phap PCA

Y tudng co ban ctia phuong phap PCA 1a giam sd chiéu dir liéu dau vao
bang cach chuyén khong gian dau vao sang khong gian dich véi sd chiéu it hon
ma van dam bao thong tin vé cac ddi twong duge bao toan co ban. Phuong phap
nay duoc gi6i thiéu boi nam 1901 va duoc biét dén nhu phuong phéap phan tich

thanh phan co ban.
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Trong khong gian n chiéu, véi mdi diém x ta c6 biéu dién sau:
X = aVq + &V + ... +agV,

chung ta s& tim mot phép bién d6i x — x (x trong khong gian K chiéu K << n):
X =byu+ bou, + ... + bk

sao cho ||x — X || 1a nho nht.

Cho M vector cot trong khong gian N chiéu X3, Xy, ..., Xu, phuong phap PCA

bao gom 6 budc nhu sau:

1 M
Buwoc I. X:_in
M =

- Bwée 2: Tinh @; =X, —X

- Budc 3: Pat ma tran A =[O @y ... Oy | (ma trdn A cd N hang va M cdt),
tiép do tinh:

C—iid) o == AN
M&E M

i=1
- Bwdc 4: Tinh cac gia tri riéng cua ma tran C: Ay > A3 > ... >y

- Buwdc 5: Tinh céc vec to riéng cua C: uy, Uy, ..., Uy, ta co:
N
i=1
- Buwére 6: Gitr lai K gia trj riéng 16n nhat:
K
X—)_(:Z:biui K <<N.
i=1

Pé chon K ta str dung cong thuc sau:
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K

2
|;1

2

i=1

> &

trong do € 1a ngudong do nguodi dung chon (vi du 0.9, 0.95,...).

Bang phuong phap trén, chung ta di chuyén dir trong khong gian N chiéu vé
khéng gian K chiéu trong d6 K bé hon rat nhiéu. Chung ta s& img dung phuong
phap nay vao truong hop cu thé ctia bai toan nhan dang mat nguoi trong phan

tiép sau day.

2.3.2 Vi du vé phuong phap PCA

Hinh 2.6 (bén trai) minh hoa vi du vé viéc str dung PCA trong biéu dién dir
liéu. Dit liéu trong khong gian X-Y duoc chuyén vé khong gian U-V cho ching
ta mot cach biéu dién dix liéu chdc chan. Hudéng U va V dugce goi la cac thanh
phan co ban.

Hinh 2.6 (bén phai), néu dir lidu chuyén vé khong gian U-V, gia tri cac
diém theo truc V gan nhu bang khong khi d6 chung ta hoan toan c6 thé bo qua
chiéu V ma chi giir lai gia tri nam trong thanh phan U, vi du ndy cho chiing ta

mot vi du vé giam so chiu cua dit ligu.

A

~ Y
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Hinh 2.6 Vi du vé PCA cho biéu dién dir liéu va giam s6 chiéu

Hinh 2.7 cho chiing ta mdt vi du vé phuwong phap PCA trong bién doi dir liéu tir
khong gian (x1,x2) thanh khong gian (®4,D,).

Hinh 2.7 Vi du vé bién ddi dir liéu trong PCA

2.3.3 PCA cho bai toan nhan dang mat ngwoi
2.3.2.1 Pha huén luyén

Gi1d st c6 M anh dung chop ha huan luyén Iy, I, ... , Iy. Cac anh ¢ day déu
la &nh mat nguoi va ching c6 mdt ¢ tdm anh va cac anh c6 cung kich thudc véi

nhau (xem hinh 2.8).

Hinh 2.8. Vi du vé tdp dir liéu mau
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Vi mdi anh |; (kich thuéc N x N) s& duoc bicu dién boi mot vector I co

N? hang va 1 ¢ot nhu hinh 2.9.

2
N x N image N x 1 vector

Hinh 2.9 Biéu dién anh

Chung ta thdy rang thong thuong sb chiéu ciia mdi anh 1a rat 16n (vi du
128%, 2567, ...) trong phan tiép theo, chung ta s& ap dung phuong phap PCA cho
bai toan nhan dang mat nguoi. Y tudng sir dung phuong phap PCA trong bai

toan nhan dang mat nguoi dugc gidi thiéu boi Sirovich va Kirby nam 1987 [14].

Str dung phuong phap PCA véi M anh miu lam dit liéu dau vao ta thuc hién

cac budc nhu sau:
- Buwérc 1: Poc M anh vao hé thong

- Bwée 2: Vi mbi anh |; s& duoc biéu dién boi mot vector cdt Ty co N2 gia tri
1 M
- Buwdc 3: Tinh gia tri trung binh cta cac vector: V= M ZF-
i=1

- Bwoc 4: Tinh (Di =Fi -V

- Bwoc 5: Bat ma tran A = [@; @y ... Dy | (ma tran A co N? hang va M c0t),
tiép do tinh:
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1M 1
C= MZCDiq)iT = M AAT (ma tran kich thudc N x Nz)
i=1

- Bwéc 6: Tinh cac vector riéng ciia ma tran C. Chu ¥ rang kich thudc ctia ma
tran C rat 16n nén khong thé tinh truc tiép cac vector riéng & day, ta thuc hién

cac budc sau:
Bu6e 6.1: Gia str ta ¢6 vector riéng v; cia ma tran ATA thoa man:
ATAVi = WiV,
nhan hai vé véi A ta duoc:
AATAV; = AV

Ta nhan thiy Av; la vector riéng ciia ma tran AA'. Nhu vay thay vi tinh vector
riéng ctia ma tran AA" (kich thude N? x N?) ta s& di tinh cac vector riéng clia ma

tran A'A kich thic M x M nhé hon rat nhiéu tai budc 6.2 sau day.
Buoc 6.2: Tinh M vector riéng cua AAT: u; = Av; va chuan hoa céc u;

- Buwoc 7: Gitr lai K vector riéng Uy, Uy, ..., uk tuong ung véi K gié tri riéng 16n

nhat.
Mdi anh trong tap dit liéu vao duoc bicu dién boi (mdi anh trong tap dir liéu dau
vao s& chuyén thanh biéu dién cta to6 hop tuyén tinh clia cic vector mit riéng):

R K
O, - =2 wu, (WJ =uj (T ~)) K << N,
i1

uj =1, ..., K) dugc goi la cac mat riéng (eigenfaces)
2.2.2.2 Pha nhdan dang

Ciing giéng nhu budc xur Iy dau & trén, trude tién ta doc anh I vao tir tap

thr nghiém r61 chuyén anh vé mirc xam va vector 1 chiéu I'. Sau d6 ti€n hanh
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chuén hoa cho birc anh, tic 1a trir di gia tri vector trung binh mat hay néi cach
khac 13 tinh sai s6 ctia anh so v6i vector mit trung binh.

Buéc I: Chuan hoaT: @ =T— ¥

Buwoce 2: Pua vao khong gian dic trung

Sau khi di chuén hoa, chung ta chiéu anh thtr nghiém vao khong gian mit

riéng nhu sau:

D = iwu. (w, = uiTCD),(HuiH :1)

Trong d6 K 1a sd vector dic trung cta khong gian anh u; (i =1..K) 1a K
vector dic trung 16n nhat w; 1a cac trong sb tuong Gmg véi cac vector dic trung
Buéc 3: Anh sau khi duoc dua vao khong gian tri riéng thi no s& duoc tuong
duong v6i mot vector Q ma mdi phan tir ciia Q 13 hé s6 tuong Gng ciia anh thi

nghiém so vdi cac vector dac trung twong ung trong khong gian tri riéng.

=

Buwdc 4: Tinh khodng cach e,

Budc nay chung ta sé tinh khoang cach ciia ma tran Q so voi khong gian
mat. Ttc 1a ta s€ di tinh khoang céch t61 tirng blrc anh trong tap anh luyén va tim
ra khoang cach t6i birc anh luyén gan nhat trong khong gian mat. Khoang cach
nay dugc goi la khoang cach trong khong gian mat (distance within the face
space).

e, =min, [Q-Q|
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o-o]=2

k
W. —W.
= ( S ) , tinh theo khoang cach O co lit

o

K
HQ -Qf H Z;( e ) , tinh theo khoang cach Mahalanobis

Buwéc 5: So sanh khoang cach ngudng va rat ra két luan

Sau khi tinh dugc khoang céach, ta so sanh v&i khoang cach ngudng T,
(khoang cach ngudong nay duogc xac dinh thuc nghiém tuy thudc vao tung tap
anh luyén va tuy thudc vao s6 vector dic trung dugce gitr lai). Trén thuc té ta sir

dung ham khoang cach theo Mahalanobis s& cho két qua tét hon.

Néu e< T, thi T duoc nhan dién 1a khuon mat tht € trong tap luyén con

khong thi T khong 1a khuon mét nao trong tap luyén da cho.

2.4 Phwong phap SVM
Support Vector Machine (SVM) 1a mét phuong phap phan 16p dua trén

Iy thuyét thong ké, dugc dé xuat bai Vapnik [10]. Y tudng chinh cta thuat
toan nay 1a cho trudc mot tp huan luyén dugc biéu dién trong khong gian
vector (gia sir xét bai toan 2 16p), phuong phap nay tim ra mot mat phang
quyét dinh t6t nhat c6 théchia cac diém trén khong gian nay thanh hai 16p
riéng biét twong tng 10p + va 16p -. Chat luong cua siéu mit phang nay duogc
quyét dinh boi khoang cach (goi 1a bién) cua diém dir liéu gan nhit cua mdi
16p dén mit phang nay. Khoang cach bién cang 16n thi mit phang quyét dinh
cang t6t dong thoi viée phan loai cang chinh xac. Muc dich thuét toan SVM

tim ra duoc khoang cach bién 16n nhat dé tao két qua phan 16p tét.
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2.4.1 Trwong hop dir liéu cé thé phan tach dworc
Ta sé& bat ddu bang bai toan phan 16p nhi phén, dit liéu ding chop ha huén
luyén c6 thé phan tach tuyén tinh. Hinh 2.10 mé ta dit liéu trong khong gian hai

chiéu phan tach tuyén tinh.

Hinh 2.10 Hai cdach phan [6p trén mot tap dir liéu

wx +h=10

* o * wx+h<D

N

Hinh 2.11 Nhiéu cdch phdn 16p khéc nhau

Cho tap dit liéu hudn luyén {x;,yvi}, xi €R%i = 1,...,nvay; € {-1, 1}.
Gia st ton tai mot siéu mit phéng phan loai cac dit liéu mau thanh hai loai mau

duong vé1 mau am. Piém x (trong khong gian d chi€éu) nam trén si€u mat thoa
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W. X + b = 0, trong d6 w 1a phap tuyén cua siéu mat, |b|/ ||w|| 1a khoang cach tir
siéu mat dén gdc toa do, va ||w]| 1a do 16n (theo khoang cach Euclide) ciia w.
Pit (d +) va (d ) 1a khoang cach ngin nhat twong ting tir siéu mit phan cach dén
diém miu duong va 4m gan nhit. Dinh nghia b (margin) cua siéu mit phan
cach (ki hiéu r) 1a (d ») (d ). RS rang v6i mot tap dit liéu phan tach tuyén tinh s&
tdn tai nhiéu siéu mit thoa man yéu cdu, muc tiéu cia thuit toan SVM sé& tim

siéu mat c6 khoang cach bo r 1a cuc dai (hinh 2.12).

wx+h=0 wx+h=0

Bo phén cach 1én B phén cach nhi
Hinh 2.12 Vi du vé 1 phan cach

Ta c6 thé mo hinh héa ¥ tudng trén ddy bang toan hoc nhu sau: Gia sir moi diém

trong tAp mau théa cic rang budc:
Xiw+b>+1 voiy=+1(2.1)
Xiw+b< -1  voiyi=-1 (2.2)
Két hop hai bat dang thuc trén thanh mot bat dang thirc rang budc nhu sau:

Yixiw +b)—1>0 Vi (2.3)

Cac mau dit liéu thoa cong thic (2.1) nam trén siéu mat Hy; x;w + b =1 ¢6 vector

phap tuyén 1a w, va khoang cach dén gbc toa do 1a |1 — b|/||w||. Tuong tu, cac
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mau thoa cong thirc (2.2) nam trén siéu mit Hy: X\w + b = - 1, c6 phép tuyén 1a
w la khoang cach dén gbc toa do 1a |-1 - b|/ |w|| . Khi d6, d. =d =1/ |w| va
b6 r =2 /|w]| . Luu ¥ rang H; va H, song song v&i nhau va khong c6 diém dit liéu
nao nam gilra ching. Vi vay, ta co thé tim cap siéu mat c6 bo 1a cuc dai, beng
viée cuc tiéu ||w|| v6i rang bude (2.3). Ta mong mudn 161 giai cho trudng hop
khéng gian hai chiéu c6 dang nhu trong hinh 2.13. Nhitng diém huén luyén thoa
phuong trinh (2.3) (tirc nhitng diém ndm trén mot trong hai siéu mit Hy, H,), va
vigce loai bé chung s€ lam thay ddi 16 giai, dugc goi la cac vector hd tro, do 1a
cac diém dugc bao bang cac hinh tron trong hinh 2.13 va ki hiéu cac support

vector chinh la cac diém dugc bao bang vién tron.

Géc toa db
Hinh 2.13 Siéu mdt phdn cdch tuyén tinh cho trieong hop dit liéu tuyén tinh

Nhu vay dé tim siéu phang tbi vu tuong Gng véi viée giai bai toan sau:
oo Ly
cuc tiéu §HWH voi V(WX +b)>1

Str dung phuong phap Lagrange, bai toan trén chuyén vé viéc tim cac diém yén

ngua cua ham sau:

L(w,b, )= %WZ _za [y, (wx, +b)—1]
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v6i o 1a cac hé s6 Lagrange. Phuong trinh trén trd thanh cuc tiéu L(w, b, o) v6i
o > 0 vo1 moi 1.
Lay vi phan timg phan cua L ta co:

%(w,b,a):w—iya.x. =0
8\,\, [ Il I |

i=1

M
f—a\k’(w,b,a)=2yiai =0

i=1

Thay vao cong thirc trén, bai toan to1 uu chuyén vé bai toan cuc dai ham sau:

n 1 n
W(a):Zai _Ezaiajyiiji'xj
izl

i,j=1

Bai toan cyc dai héa ham muc ti€u trén 1a giai dugc theo phuong phap quy

hoach toan phuong pho bién. Va ham phan 16p s& c6 dang sau:

f(x)= sgn(iznl: aly. X X+ b)

Déi véi trudng hop dir liéu c6 nhidu, chang han nhu hinh:

Hinh 2.14 Vi du vé dir liéu ¢é nhiéu
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Trong hinh 2.14 trén diém mau xanh (chiang han thudc 16p +1) lai ndm vao 16p

diém maud d6 (thudc 16p -1) va nguoc lai. Trong truong hop nay thuét toan

SVM cb gang tim siéu phang phéan tach va thoa man 15i phét sinh 1a nho nhét c6

thé.

2.4.2 Truwong hop dir liéu huan luyén khong phan tich tuyén tinh

Thuat toan trén chi phu hop cho truong hop tap dir liéu huan luyén co thé

phan tach tuyén tinh dugc, trong phan nay chung ta s& di nghién ciu truong

hop dit liéu huan luyén 13 khong phén tach tuyén tinh dugc.
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Hinh 2.15 Vi du vé dit liéu hudn luyén khéng phdn tach tuyén tinh
Hinh 2.15 cho ta mot vi du vé hai 16p phéan tach duoc nhung bién phin
tach khong phai 1 tuyén tinh.
Y tudng co ban dé giai bai toan trén 1a di tim mot phép bién d6i dir liéu
dau vao sang khong gian c6 sd chiéu 16n hon sao cho trong khong gian nay dir
liéu 1a phan tach tuyén tinh bang cach st dung mot ham hat nhan K (Kernel

function).
Gia st rang c6 mot phép anh xa ®: x— D(X), ta sé& co:

n 1 n

W(“): Zai ) Zaiaj yiyjq)(xi )'CD(Xj)

i1 W
Thuat toan huan luyén sé chi phu thudc duy nhét vao tich vo hudng trong khong
gian dic trung — tirc 1a ham ®(x;) . ®(x;). Gid sir ring ching ta c6 mot ham doi
xing K(xi, X;) = @(x;) . P(X;), khi d6 thuat toan luyén chi can duy nhat K ma

khéng can st dung dén anh xa @ (xem hinh 2.16).

1.5
1 1 . D
% ® 2% % @
..‘ ° \ ‘:
- ° 7
0.5 e ©
.
"o ° °
S 0 9 * =y
L} L ]
« ° L4
: oy e o %o o* ° ;=
-0.5 1 ° 2.5
L J e L ) o)
. 2
i i 1.5
I o
1.5 B4 0 0.5 '
1.5 | 0.5 0 0.5 1:5

Hinh 2.16 Vi du vé viéc anh xa dit liéu
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Cho mot anh xa @, ta s€ tinh dugc K, tuy nhién cho ham K, cau hoi dat ra 1a
diéu kién gi dé ton tai anh xa ®?. Piéu ndy dugc xic dinh bang diéu kién

Mercer cua dinh 1y sau day:

Dinh Iy 2.1 (Mercer 1909). Cho K(x,y) la mét ham doi xirng lién tuc trong
Lz(;(2 ). Piéu kién ton tai dnh xa @ va mét khai trién:

o0

K(X’ Y) = ZCD(X)i -CD(Y)i

i=1

Néu va chi néu, véi moi tdp dong C va g e Ly(C),

LXC K(x, y)a(x)g(y)dxdy >0

Khi ¢6 ham K thoa mén diéu kién trén dugc st dung, ham quyét dinh phan 16p

sé€ la:
f(x):sgn(iznl:ai yiK(xi,x)+bj

Mot s6 ham hat nhan duoc nghién ctru va gidi thiéu bdi Vapnik nhu sau:
Ham Polynomial: K(X,y) = (X.y + 1)
Ham Radial: K(x,y) = exp(-||x-y|[?/267)

Ham No ron: K(X,y) = tank(a.x.y - b)

2.4.3 Phwong phap SVM cho bai toan nhiéu l6p

Céc nghién clru ¢ trén Gmg véi truong hop bai toan phan 16p nhi phan,
d6i voi truong hop k 16p, chung ta sir dung phuong an phan tach timg 16p véi
cac 16p con lai. Nhu vy chung ta s& thyc hién k(k-1)/2 1an phan 16p nhi phan
trong truong hop nay.
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Hinh 2.17 minh hoa SVM trong truong hop nhiéu 16p.

Hinh 2.17 Vi du vé dir liéu nhiéu lop
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CHUONG 3. KET QUA THUC NGHIEM

3.1 Giédi thiéu bai toan

Muc dich cua bai todn nhan dang mat nguoi qua anh (camera) la di xac
dinh anh cua mot nguoi dugc thu nhan co6 trong co sé dir li€u anh hay khong.
Trong phan thuc nghiém cta luan vin ndy, ching t6i xay dung mot hé théng
nhan dang mat ngudi qua anh hodc qua thu tryc tiép tir camera. Két qua tra ra 1a

dinh danh hay tén cua nguoi do.

So d6 tong quan cta hé théng nhu sau:

Training

/_\ i ?
I new > Classifier: f(.) "

Hinh 3.1 Hé thong nhdn dang mdt ngueoi

Cho m anh mat ngudi kém theo nhan ciia né (nhan ¢ day la dinh danh cua
mdi khudn mit — chang han tén), hiy xay dung hé théng cho phép xac dinh

khuon mat moi Ie, 1a nhan bao nhiéu?

Bai toan trén c6 nhiéu tmg dung, chang han nhu viéc xac thuc anh cho bai
toan tuyén sinh: Hang ndm cac truong Pai hoc déu tuyén cac thi sinh moi, viéc
x4c nhan céc thi sinh nay so véi anh da dang ky thi dai hoc (hay tai ky thi qudc
gia chung) 14 rat can thiét. Trén co so dit liéu anh thi sinh da sir dung dé tham du
ky thi, sau khi vao truong, thi sinh s& dugc yéu cu chup anh moi dé 1am thé

sinh vién, thé thu vién,... HE thong nhan dang mat nguoi s€ kiém ching anh cua
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thi sinh lac vao truong co trung voi anh cua thi sinh Iac dang ky du thi hay
khong ?.
3.2 Lua chon giai thuit va 13p trinh
3.2.1 Giai thuat
Nhu d3 trinh bay trong chuong 2, c6 nhiéu phuong phap dé giai quyét bai
toan nhan dang, trong khuén kho luan vin nay toi chon phuong phap PCA - mét
phuong phéap don gian dé hiéu, dé st dung.
Hé thong nhan dang mat ngudi gdm céc bude sau:
- Poc dit liéu huan luyén
- Trich chon dac trung (& day la trich ra cac khuén mat)
- St dung thuat toan PCA
- Kiém thir véi dit ligu méi
Sau khi ¢ tap dir liéu ding cho pha huan luyén thi vin dé khé nhat 1a viéc
phat hién khudén mat (face detection), c6 mot s6 thuat toan phat hi¢n khudén mat
da dugc nghién ctiru va sir dung. Trong phan thuc nghiém nay toi st dung thuét
toan Haarcascade, mot trong nhimng thuat toan noi tiéng nhét vé phat hién khuon
mit. Toan bd ham thuc hién diéu nay co trong thu vién Emgu CV cua cong
d6ng nghién ciru va chiing ta hoan toan co thé sir dung no.
3.2.2 Cong cu phat trién

Ngo6n ngtt 1ap trinh chiing t61 st dung la C#, mot trong nhitng moi truong
lap trinh manh cta bd Visual Studio. Tir cac cong cu da co, chung toi thiét ké
giao dién cling nhu xtr 1y viéc ghi dit li€u cling nhu st dung ham trich chon déc

trung theo phuong phap PCA.
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3.3 Két qua thuc nghiém
Giao dién cua hé théng nhu hinh vé

- -
a2 Heé théng nhdn dang mat nguii - — E@ﬂ

e et

Anh diing d& huan luyén Kt qua

Tén ngudi trong anh

56 ludng mat ngudi trong anh

0

Tén Nhiptén

2. Thém anh hun luyén ‘ ‘ 1. Bét dau ‘

Hinh 3.2 Giao dién cua hé théng
Tu giao dién ctuia chuong trinh, ching ta tao céc tap huan luyén bﬁng viéc
st dung chirc nang Thém anh huin luyén. Anh nay s€ duoc cap nhat vao tap

huan luyén cung véi tén cua no.

[ - bl
o He thongnhdndongmitnguor e WS TN RN . - E=REe X
i - - -
Anh diing d& hudn luyén Két qua
Tén ngudi trong anh I
Van,
S6 ludng mat ngudi trong anh I
1
Tén Van
‘ 2. Thém anh huan luyén 1. Bat dau
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a:! Heé théna nhan

Anh diing d& huan luyén Két qua

Tén ngudi trong anh

Dung,

S6 ludng mat ngudi trong anh

1

Tén Dung

2. Thém anh huan luyén 1. Batda

85! Hé théng nhan dang mat ngudi

.
a

Anh diing d& hudn luyén Két qua

Tén ngudi trong anh

Diing,

S6 ludng mat ngudi trong anh

1

Tén Dung

2. Thém anh hun luyén 1.Batd

o' Hé théng nhan dang mat ngudi ——

T e =)

Anh ding d& hudn luyén Két qua l
Tén ngudi trong anh
" DT Van,
l- 3 $6 ludng mit ngudi trong anh
1
Tén DTVan

2. Thém anh huan luyén

1. Bat dau

Hinh 3.3 Qud trinh hudn luyén ciia hé thong
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' Hé théng nhan dang mat ngudi —o— - v - L o S
| |
s Anh ding d& huan luyén Két qua l
Tén ngudi trong anh
Diing, Dung,
S6 ludng mat ngudi trong anh
2
Tén Nhaptén
2. Thém anh husn luyén 1. B& d3u
~
85 Heé thdng nhan dang mat ngudi - ey e Pr—
Anh ding d& huan luyén Két qua
Tén ngudi trong anh
DT Van, Van,
S6 ludng mat ngudi trong anh
2
Tén Nhaptén
2. Thém anh huan luyén 1. Bat dau
. A

Hinh 3.4 Pha nhan dang tir anh the

Dé kiém tra xem nhin cta khuén mat méi 1a gi chung ta c6 thé st dung
came ra hodc st dung anh thé qua hé théng camera hodc may quét dé dinh danh
khuon mit trong anh. Két qua thir nghiém véi nhiéu truong hop khac nhau (hinh
3.4-3.5) thuat toan cho két qua twong ddi tét va hoan toan c6 tinh ing dung thuc
té. Hé thong nay hoan toan dap ung cho bai toan xac thyc anh trong tuyén sinh

cua cac truong DPai hoc tai Viét Nam.
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a5l H& théng nhan dang mt ngudi b G e

Anh ding d& huan luyén Két qua |

Tén ngudi trong anh
Dung,
S6 ludng mat ngudi trong anh

1

Tén Nhaptén
2. Thém anh husn luyén 1. Bat ddu
[ --
T TR T T TR . . E=npen x|
Anh diing d& huan luyén Két qua
Tén ngudi trong anh
Van,
S4 ludng mat ngudi trong anh I
1
Tén Van
2. Thém anh huan luyén 1. Bat dau

Hinh 3.5. Giao dién khi nhdan dang mat tuw camera

Theo [14], chét luong cua bai toan nhan dang phu thudc vao tap dir liéu
huén luyén cling nhu cac dir liéu thir nghiém. Néu hé théng céc anh luyén ciing
nhu 1 cac anh kiém thir 1a twong dong nhau, chi khac nhau vé do sang cia anh
thi két qua dat duoc 12 96%, tuy nhién néu thay d6i vé huéng ctia mat thi két qua
dat khoang 85%.

Két qua trén duoc gia thich 1a néu thay d6i do sang thi cac diém ké nhau
van giit duoc sy twong quan ciia nd, trong khi néu chung ta thay doi hudng cia

khuén mat s& lam mat di thong tin giira cac diém anh nén chat lvgng nhan dang
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anh s€ giam di rd rét. RO rang trong bai toan nhan dang anh thi quy dinh vé anh
nhu cdc anh phai c6 cung kich thudc, mat nguoi phai ¢ tam anh, ... 1a quan trong
vi dé giai quyét bai toan dang nay chiing ta can biéu dién dang vector cac s6 nén

néu anh dau vao co sai khac thi gia tri cac phép toan ciling sai khac theo.
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CHUONG 4. KET LUAN
Nhirng két qua di dat dwoc

Sau khi thyc hién luan vin véi chi dé nghién ctru phuong phap phéan
phan 16p PCA va SVM va ing dung cho bai toan nhan dang mat nguoi, toi da

thuc hién duoc cac cong viée sau day:

- P4 nghién ctru va tim hiéu hai phuong phap PCA va SVM ciing nhu
cac 1y thuyét tong quat vé tri tué nhan tao va hoc may

- P4 tim hiéu va nam bat 1y thuyét vé xir 1y anh, cac k¥ thuat co ban dung
trong xir Iy anh ciing nhu tmg dung cta xir 1y anh trong thyc té,

- Da 13p trinh trén ngdn ngir C# cho bai todn nhan dang mat nguoi trong
anh tng dung cho bai toan diém danh. Cac két qua cho thdy dé tai co
kha ning ung dung vao thuc tién trong cic ung dung vé xir Iy anh.
Budc dau hiéu va biét cach su dung thu vién Emgu CV, mét thu vién
noi tiéng vé thi gidc may cua cong dong cac nha nghién ctru vé lich vuc
nay trén thé gioi.

Hwéng phat trién cia dé tai

Do thoi gian va kién thirc con han ché, trong khudn kho cua luan van toi
khong thé nghién ctru k§ va toan dién bai toan phan cum. Trong twong lai,

mot s6 hudng nghién ctru ma toi dy kién tiép tuc nhu sau:

- Trong thoi gian t&i t6i mong mudn tim hiéu k§ hon vé cac phuwong phap
phan 16p khac nhu mang No ron hodc phuong phap ciy quyét dinh.

- So sanh cac phuong phép phan 16p hién tai voi cac tap dir li¢u khac
nhau trong cac khong gian nhiéu chiéu, dit liéu phtc tap va co thé
khong phai 14 dir liéu so.

- Tbi cling mong mudn tim hiéu sau hon vé cic bai todn hoc may khéac

nhu phan cum, phuong phdp hoc nura gidm sat cling nhu sO sanh
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phuong phap phan 16p c6 gidm sat va phan cum nira giam sat.
- Cubi cung t6i mong mudn co thé dp dung duoc céc 1y thuyét vé hoc
may ciing nhu tri tué nhan tao vao cac bai toan trong thuc té nhu sinh

hoc, y hoc, ngan hang,...
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