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Loi M& Pau

Trong chuyén nganh Tri tu¢ nhan tao, Nhan dang 1a mdt trong nhitng linh.vuc phat
trién sGm nhat va d3 tim duoc rat nhiéu ung dung trong cudc séng, chéng han nhu du
bao tiém ning khoang san tir anh vé tinh, nhan dién t0i pham qua van tay, hay gan day
nguoi ta dua ra khai niém ngdi nha théng minh véi nhiéu chirc nang tir dong hoa hoan
toan dwa vao kha ning nhan biét cic dic diém cua chu nhin (nhu tiéng néi, dang
ngudi,...). Chinh vi tam quan trong nhu vay, linh vyuc Nhan dang da thu hut dugc su
quan tam nghién ctru cua nhiéu nha khoa hoc. RAt nhiéu thuét toan va mo hinh di duoc
dua ra nham tang tdi da hiéu suét cua cac giai doan trong mgt hé théng nhan dang.
Trong sb6 d06, van dé lya chon va rat gon dac trung lién quan truc tiép dén do chinh xéc
va toc do cua hé thdng. Day ciing 1a Iy do cuaviéc chon dé tai :

“Khio Sat Ung Dung Ciia Tap Thé Trong Lwa Chon Va
Rt Gon Pac Trung Cho Bai Toan
Nhan Dang Mat Nguoi”

Viéc lwa chon Iy thuyét Tap tho trong van dé néu trén xuat phat tir nhitg tng dung
rat thanh cong cua no trong thuc té nhu cac hé du bao hay chuan doan dya trén luét.
Ngoai ra, y tuéng gin lién doi tiwong v6i thong tin cling nhu cac khai niém rit gon
thudc tinh duge dua ra trong 1y thuyét nay htra hen kha ning thanh cong cho hé thong
nhan dang két hop véi 1y thuyét Tap thé.

Cudi cung, dbi tuong nhan dang dugc thir nghiém trong luan van nay la khuén mat
boi-day 1a d6i twong nghién ctru kha 1y tha véi nhiéu dac diém phong phi mang ham
luong thong tin cao nhu cam xuc, tudi tac,...va cac hé thong nhan dang mit ngudi
dang dong vai tro quan trong trong bao mat va an ninh.

Vi cach dat van dé nhu trén, luan van dugc cau truc thanh 5 chuong nhu sau :




Chuong 1 :
Chuong 2 :
Chuong 3 :
Chuong 4 :
Chwong 5 :

Ly thuyét Tap thé.

Bai toan nhan dang mat nguoi.

Ung dung Tép tho vao bai toan nhan dang mat ngudi.
Cai dat chuong trinh va thtr nghiém.

Tu danh gid va hudng phat trién dé nghi.




Chuong 1 — Ly thuyét Tap thd

Chuong 1
Ly Thuyét Tap Thé

1.1. Gi6i thigu

Ly thuyét tap thd (rough set theory) lan dau tién duoc dé xuat boi Z. Pawlak va
nhanh chong dugc xem nhu mot céng cu xur 1y cac thong tin mo hdva khong chic
chin. Phuong phap ndy dong vai trd hét strcc quan trong trong linh vyc tri tué nhén tao
va cac nganh khoa hoc khéc lién quan dén nhan thure, dac biét 1a linh vuc may hoc, thu
nhan tri thuc, phan tich quyét dinh, phat hién va kham pha tri thuc tir co s¢ dir li¢u, cac
hé chuyén gia, cac hé hd trg quyét dinh, 1ap luan dua trén quy nap va nhan dang [5].

Ly thuyét tip tho dua trén gia thiét rang dé dinh nghia mot tp hop, chung ta can
phai c6 thong tin vé& moi ddi twong trong tap vii tru. Vi du, néu cac ddi twong 1 nhitng
bénh nhan bi mot bénh nhét dinh thi cae triéu ching cia bénh tao thanh thong tin vé
bénh nhan. Nhu vay tap tho.co quan diém hoan toan khac v6i quan diém truyén thong
ctia tap hop, trong d6 moi tap hop déu duoc dinh nghia duy nhat boi cac phan tir ciia nd
ma khong can biét bat ky thong tin nao vé cac phan tir ciia tp hop. RS rang, ¢ thé ton
tai mot sd d6i tuong giéng nhau & mot sb thong tin nao do, va ta néi chung c6 quan h¢
bat kha phan biét v6i nhau. Day chinh 1a quan hé mau chét va 1a diém xuét phat cta ly
thuyét tap thé : bién gi6i cua tap tho 1a khong rd rang, va dé xac dinh né ching ta phai
di x4p xi né-bang cac tap hop khac nham muc dich cudi cing 1a tra 11 duoc (tat nhién
cang chinh xac cang tot) ring mot dbi twong nao d6 c6 thudc tap hop hay khéng. Ly
thuyét tap thd voi cach tiép can nhu vay di dugc Gmg dung trong rat nhiéu linh virc cua

doi song xa hoi.
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Chuong 1 — Ly thuyét Tap thd

Trong chuong nay chiing ta s€ nghién ctru cac khai ni¢ém va y nghia co ban cua ly
thuyét tap tho. DAy 13 nhitng kién thitc quan trong cho viéc ap dung tip thd vao bai
toan lua chon va rat gon dic trung cho bai toan nhan dang duoc dé cap trong chuong 3.
1.2. H¢ thong tin

Mot tap dir ligu thé hién dudi dang bang, trong d6 mdi dong thé hién cho mot
truong hop, mdt su kién, mdt bénh nhan hay don gian la mét ddi tuong. MJdi cot cua
bang thé hién mot thudc tinh (1a mot gia tri, mot quan sat, mot dac diém, ...) duoc “do
ludng” cho timg ddi twong. Ngoai ra gia tri cua thudce tinh ciing c6 thé duoc cung cp
boi chuyén gia hay boi nguoi sit dung. Mot bang nhu vay duge goila mot h¢é thong tin
(information system) .

Mot céch hinh thirc, hé thong tin 1a mot cap 4= (U, 4) trong do U 1a tap hiru han
khéng rdng cac dbi trong va duoc goi 14 tdp vii tru, A 13 tap hitu han khong rdng céc
thugc tinh sao cho a:U —V, v6i moi ae 4. Tap V, duogc goi 1a tdp gia tri cuia thude
tinh a.

Vi du 1-1 : Bang dit liéu trong Bdng I-1dudi day cho ta hinh anh vé mot hé thong

tin voi 7 d6i twong va 2 thude. tinh [17.

Age LEMS
X, 16 — 30 50
X, 16 —30 0
X5 31-45 1-25
X, 31-45 1-25

Xs 46 - 60 26 -49

Xg 16 —30 26 -49

X; 46 — 60 26 -49

Bang 1- 1 : Mot hé thong tin don gian
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Chuong 1 — Ly thuyét Tap thd

Ta c6 thé d& dang nhan thiy ring trong bang trén, cac cip ddi tuong Xy, X, VA X,
x, ¢6 gia tri bang nhau tai ca hai thuc tinh. Khi d6 ta néi rang cac ddi tugng nay
khéng phdn biét timg d6i ddi véi tap thudc tinh {Age, LEMS)} . m

Trong nhiéu tmg dung, tap vil try duoc phan chia thanh cac tap d6i tugng con boi
mot tip cac thudc tinh phan biét duoc goi 1a tdp thudc tinh quyét dinh. Noi cach khac
tap vil tru da duoc phan 16p boi thudc tinh quyét dinh. Hé thong tin trong truong hop
nay duogc goi 1a mot hé quyét dinh. Nhu vay hé quyét dinh 1a mot-hé théng tin c6 dang
A= U,CuD) trongdd A=CuD, C va D lan luot dugc got 1a tap thuoc tinh diéu
kién va tap thudc tinh quyét dinh cua hé thong tin.

Vidu 1-2 : Bang 1-2 dudi day thé hién mot hé quyét dinh, trong do tap thudc tinh
diéu kién gidng nhu trong Bdng -1 va mdt thudc tinh quyét dinh {Walk} dugc thém

vao nhan hai gia tri két xuét 1a Yes va No [1].

Age LEMS Walk
X, 16 —30 50 Yes
X, 16 =30 0 No
X, 31 —45 1-25 No
X, 31-45 1-25 Yes
Xs 46 — 60 26 -49 No
Xg 16 —30 26 —49 Yes
X, 46 — 60 26 —49 No

Bang 1- 2 : Mot hé quyét dinh véi C = {Age, LEMS} va D = {Walk}
Mot 1an nita ta théy rﬁng, cac cap doi tugng x,, x, va x,, x, van c6 gia tri nhu
nhau tai hai thudc tinh diéu kién, nhung cdp tha nhat {x;,x,} thico gia tri két xuét khac
nhau (ttrc gia tri tai thudc tinh quyét dinh khac nhau), trong khi d6 cap thir hai {x.,x,}

thi bang nhau tai thudc tinh quyét dinh. i
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Chuong 1 — Ly thuyét Tap thd

1.3. Quan hé bat kha phan biét
1.3.1. Sw du thira thong tin
Mot hé quyét dinh (hay mot bang quyét dinh) thé hién tri thic vé cac d6i tuong
trong thé gi6i thyc. Tuy nhién trong nhiéu trudng hop bang nay c6 thé dugc tinh giam
do ton tai it nhat hai kha ning du thira thong tin sau day :
e Nhiéu dbi twong gidng nhau, hay khong thé phan biét véi nhau lai duoc
thé hién l3p lai nhiéu lan.
e Mot s6 thudc tinh c6 thé 1a du thira, theo nghia khi bé di cac thudc tinh
nay thi thong tin do bang quyét dinh cung cp ma ching ta quan tdm s&
khong bi mat mat.
Vi du 1-3 : Trong bang & Bang 1-3 dudi day, néu ching ta chi quan tim tdi tip
thugc tinh {a,b,c} clia cac ddi tugng thi ta s& ¢ nhan xét : c6 the bé di thudc tinh ¢ ma
thong tin vé cac doi tuong van khong doi, chéng han néu ta c6 mot doi tuong véi hai

thudc tinh @, » nhén hai gié tri 0,71 thi co thé noi ngay réng gia tri ciia nd tai thudc

tinh ¢ 1a 1.
Ohject no. a b c d
1 0 0 1 0
2 0 1 1 1
3 0 1 1 0
a 0 1 1 0
5 1 0 0 1
B 1 0 0 1
7 1 1 0 1
8 1 1 0 1
9 1 1 0 0

Bang 1- 3 : Mot bang dir licu du thira thong tin
1.3.2. Quan hé twong dwong - Lép twong duwong

13



Chuong 1 — Ly thuyét Tap thd

Chuing ta bat ddu xem xét van dé du thira thong tin noi trén qua khai niém quan hé
twong dwong. MOt quan hé hai ngdi R < XxX duoc goi 1a quan hé¢ tuvong duong khi va
chi khi :

e R laquan h¢ phan xa: xRx,Vxe X .
e R la quan hé d6i xtmg : xRy = yRx,Vx,ye X .
e Rlaquanhébicciu: xRy va yRz = xRz, Vx,y,zeX.

Mot quan hé twong dwong R s& phan hoach tip ddi tuong thanh cac [op twong
dwong, trong d6 16p twong duong ciia mot ddi twong x 13 tap tat ca cac ddi twong co
quan hé¢ R véi x.

Tiép theo, xét hé thong tin 4 = (U, A) . Khi do moi tap thuoc tinh B < 4 déu tao ra
twong ung mot quan hé twong duong IND 4 :

IND 4(B) = {(x,x") eU”? | Va € B,a(x) =a(x")}

IND 4(B) dugc goi la quan hé B-bdt khd phdn biét. Néu (x,x') e IND 4(B) thi cic
dbi tuong x va x' 1a khong thé phan biét duoc véi nhau qua tap thudc tinh B . V&i moi
dbi tuong x e U, 16p twong dwong cua x trong quan hé IND 4(B) dugc ki hiéu boi
[x],. Néu khong bi nhamlan ta viét /ND(B) thay cho IND 4(B). Cudi cung, quan hé
B -bit kha phan biét'phan hoach tap dbi twong U thanh cac 16p tuong dwong ma ta ki
hi¢u la U | IND(B).

Vi du 1-4 : Tap thudc tinh {a,b,c} trong Bdng I-3 phan tip dbi tugng {1,2,...9}
thanh tap 16p tuong duong sau :

U | IND(B) = {{1},{2,3,4},{5,6,7},{8,9} }

Ta thdy, ching han, do dbi tuong 2 va déi twong 3 thudc cing mét 16p twong
duong nén chung khong phan biét dugc voi nhau qua tap thudc tinh {a,b,c} . m

Vi du 1-5 : Trong vi du ndy chung ta s& xem xét cic quan hé bat kha phan biét duoc

dinh nghia trong Bdng 1-2.
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Chuong 1 — Ly thuyét Tap thd

Chéng han, xét tai thudc tinh {LEMS}, cac ddi tuong x,, x, cO cung gia tri 1-25
nén thudc cung 16p tuong dwong dinh boi quan hé IND({LEMS}), hay ching bat kha
phan biét qua tap thudc tinh {LEMS}. Tuong tu nhu vay la ba déi tugng x.,x, va x,
cung thudc vao moét 16p tuong duong dinh boi quan hé IND({LEMS}) tuong ing voi
gia tri thudc tinh LEMS bang 26 —49.

Quan h¢ /IND dinh ra ba phan hoach sau cua tap cac doi tuong trong vi tru.:

IND({Agej) = {{X,, X5, %6}, {X3, %}, {X5, X, } |
IND({LEMS}) = {{x,},{x, }, {x3, X, }, x5, X, %, } }
IND({Age, LEMS}) = {{x,},{x,},{x5,x, }, {xs5%, },{x, } } O

1.3.3. Thuat toan xac dinh 16p twong dwong
Vao :
= Tap d6i tuong O
=  Tap thudc tinh B
Ra:
= Tap cac 16p twong duong L
Thuat toan :
Buocl: L=@
Buéc 2: Néu 0=
Thi : Thuc hién budc 5.
Nguoc lai : Thyuc hién budce 3.
Buoc 3: Xétx € O
P={x}
O0=0\ {x}
Véimoi phantiry € O :

Néu x va y khong thé phan biét dugc qua tap thudc tinh B
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Thi: P=Pu {y}
0=0\{y}
Hét néu
Hét véi moi
L =L u({P}
Buoc 4: Thuc hién budc 2.
Buée 5: Két thuc.
1.4. XAp xi tap hop
Nhu trén da n6i, mot quan h¢ tuong duong cho ta mdt sy phan hoach céac doi tuong
cta tap vii tru. Cac 16p twong duong nay cé thé duge st dung dé tao nén cac tip con
cta tap vii tru. Cac tip con ndy thuong chtra cac-ddi twong cd cing gia tri tai tip cac
thudc tinh quyét dinh. Trong trudng hop ndy ta néirang cic khdi niém, hay tap cac gia
tri tai tp cc thudc tinh quyét dinh, c6 thé dugc mo ta mot cach rd rang thong qua tip

cac gia tri tai tap cac thudc tinh diéukién. Dé lam rd ¥ tudng quan trong nay ta xem vi

du dudi day.
Vi du 1-6 : Xét hé quyét-dinh diéu tra van dé da chay ning sau day
STT Trong Dl‘ntg Két qua
lwgng thuoc
1 Nhe Co Khong chay nang
2 Nhe Co Khéng chay ning
3 Ning Khong Chay nang
4 Trung binh Khong Khong chay nang

Bang 1- 4 : Mot hé quyét dinh diéu tra van dé da chdy nding
Trong hé quyét dinh trén, thudc tinh Két qud 14 thudc tinh quyét dinh va hai thudc
tinh gitra 1a thudc tinh diéu kién. Tap thudc tinh diéu kién C= {Trong lwong, Ding

thuéce} phan hoach tap cac ddi twong thanh céc 16p twong duong :
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U [IND(C) = {{1,2},{3},{4} }

Nhén xét rang tat ca cac d6i twong thudc ciing mot 16p twong dwong déu co cing

gia tri tai thudc tinh quyét dinh. Do d6 ta c6 thé mo ta thudc tinh quyét dinh nhu sau :
= Két qua sé& 1 khong chdy ndng néu va chi néu
trong luong 14 nhe va ¢é dung thude hoic
trong luong trung binh va khéng dung thude.
= Két qua sé 1a chdy ndang néu va chi néu
trong luong 14 ndng va khéng dung thude.

Ta n6i hai khai niém Chdy nding va Khéng chdy ndng trong thudc tinh Két qua co
thé duoc dinh nghia 16 rang qua 2 thudc tinh Trong lieong va Ding thuéc. Tuy viy
khong phai lac nao cling co6 thé dinh nghia mot khai niém nao d6 mét cach rd rang nhu
vay. Chiang han v6i bang quyét dinh trong Bang -2, khai niém Walk khong thé dinh
nghia rd rang qua 2 thudc tinh diéu kién Age va LEMS : hai d6i tuong x, va x, thudc
cung mot 16p twong duong tao boi 2 thudc tinh diéu kién nhung lai co6 gia tri khac
nhau tai thudc tinh Walk,/~vi vdy néu mot dbi tuong nao do cob
(Age, LEMS) = (31— 45,1 - 25) thi ta van khong thé biét chac chan gia tri ciia nd tai thudc
tinh Walk (Yes hay No?),n6i cach khac ta s€ khong thé c6 mot luat nhu sau : “Walk 1a
Yes néu Age 13 31-/45 va LEMS 1a 1-257. Va ddy chinh la noi ma khdi niém tdp thé
dwoc su dung! .

Mic du khéng thé mo ta khai niém Walk mot cach rd rang nhung cin clr vao tip
thudc tinh {Age, LEMS} ta van c6 thé chi ra duoc chic chian mot s6 dbi tugng co Walk
13 Yes; mot s6 dbi twong ¢ Walk 1a No, con lai 1a cac d6i twong thudc vé bién gidi
cua 2 gid tri Yes va No, cu thé :

e Néu déi tuong nao cd gia tri tai tap thudc tinh {Age, LEMS} thudc tap
{{16 — 30, 50}, {16 — 30,26 —49}} thi n6 c6 Walk 1a Yes.
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e Néu déi tuong nao cd gia tri tai tap thudc tinh {Age, LEMS} thudc tap
{{16 - 30, 0}, {46 — 60, 26 — 49} } thi n6 cd Walk 14 No.

e Néu dbi twong ndo co gia tri tai tip thudc tinh {4ge, LEMS} thudc tip
{{31 — 45, 1 — 25}} thi nd c6 Walk 1a Yes hodc No.Nhimg ddi'tuong
nay, nhu néi & trén thudc vé bién gidi ctia 2 gia tri Yes va Noa

Nhitng khai niém trén dugc thé hién mot cach hinh thic nhu sau.

Cho hé thong tin 4 = (U, A), tap thudc tinh B < A4, tap dbi tuong X c U . Chung ta
c6 thé x4p xi tap hop X bang cach chi sir dung cac thudc tinh trong B tir viéc xay
dung céc tap hop B -xdp xi dwdi va B -xdp xi trén duoc dinh nghia nhu sau :

e B-xip xidudiciatip X : BX = {x|[x]; = X}
e B-xdpxitréncuatip X : BX = {x|[x],nX =T}

Tap hop BX 1a tip cac dbi tuong trong U ma stedung cac thudc tinh trong B ta co
thé biét chic chin dugc chung 1a cic phan tircia X .

Tap hop BX1a tap cac dbi tuong trong U ma stir dung céc thudc tinh trong B ta chi
c6 thé ndi rang ching co thé 1a'cde phan tir cua X .

Tap hop BN,(X)=BX\BX duoc goi 1a B-bién ciia tip X va chia nhimg ddi
twong ma st dung cac thudc tinh ciia B ta khong thé xac dinh duoc chung c¢6 thudc tap
X hay khong.

Tap hop U\ BX dugc goi 13 B -ngoai cta tip X , gom nhitng d6i twong ma sir dung
tap thudc tinh B ta biét chic chan chung khong thudc tap X .

Mot tap-hop duoc goi 13 thé néu duong bién cua né 1a khong rdng, nguoc lai ta noi
tap nay 1a 76. Luu ¥ rang do khai niém bién ctia mot tp d6i twong gan lién véi mot tap
thudc tinh nao d6 nén khai niém tho hay rd ¢ ddy ciing gan lién voi tap thudc tinh do.

Trong da s truong hop, ngudi ta ludn mudn hinh thanh cac dinh nghia cua cac 16p
quyét dinh tir cac thudc tinh diéu kién.

Vidu 1-7 :
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Xét Bang 1-2 & trén vé6i tap ddi tuong W = {x | Walk(x) = Yes} = {x,,x,,x,} Va tap
thudc tinh B = {4ge, LEMS}. Khi d6 ta nhan duoc cac vung xdp xi sau day cua W
thong qua B :

BW ={x,x.} , BW = {2,,%5,X,, %6}

BN,(W)={x,,x,} , U\BW ={x,,x,,x,}

[1x2}, x5, xTH}

{{xc, =l 1}

HEF N ETH YesNo

Hinh 1-1: Xap xi tdp doi twong trong Bang'1- 2 bang cdc thudc tinh diéu kién Age va
LEMS. Méi viing duwgc thé hién'kem theo tip cdc 16p twong dwong tirong iing.

O

Vidu 1-8 : Ta xét mdt vi'du khac voi bang gié tri vé thudc tinh cta xe hoi nhu sau :

Poi Model | Cylinder | Door Power Weight Mileage
tugng

1 USA 6 2 High Medium | Medium
2 USA 6 4 Medium Medium | Medium
3 USA 4 2 Medium Medium | Medium
4 USA 4 2 Medium Medium | Medium
5 USA 4 2 High Medium Medium
6 USA 6 4 High Medium | Medium
7 USA 4 2 High Medium Medium
8 USA 4 2 High Light High
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9 Japan 4 2 Low Light High
10 Japan 4 2 Medium Medium High
11 Japan 4 2 High Medium High
12 Japan 4 2 Low Medium High
13 Japan 4 2 Medium Medium High
14 USA 4 2 Medium Medium High

Bang 1- 5 : Hé thong tin vé cdc thudc tinh ciia xe hoi
Ta c¢6 tap vl tru U={2,.,04. Gia su chon tap thudc tinh
B = {Cylinder, Power,Weight} va chon thudc tinh quyét dinh 13 D= Mileage. Nhu vay
thugc tinh quyét dinh gém 2 khai niém Dy . ="Mileage = Medium" Vi
Dy, =" Mileage = High" .
D, i = 11,2,3,4,5,6,7}
Dy = 189,10,1112,13,14}
Céc 16p tuong duong tmg voi quan hé IND(B) la : E ={,6}, E,={2},
E, ={3410,1314}, E, ={57M}, E. = {8}, E, = {9} vd E, ={12}.
Xap xi trén va xap xi dudi cua D, Vva D pign 18
BD,yun'= (B E,} = (16,2}
EDMedium ={E,E,,E,,E,} ={1,6,2,3,4,10,13,14,5,7,11}
BD,,,, ={Es, E¢, E;} = {89,12}

EDHigh ={E,,E,,E,,E.,E } ={3,4,10,13,14,5,7,11,8,9,12}

Mot sé tinh chit ciia cdc tép hop xdp xi

1. B(X)c X c B(X)

2. B(D)=B(D)=3, BU)=BU)=U
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B(X UY)=B(X)UB(®Y)

> w

B(X nY)=B(X)nB(Y)

hd

Néu X c Ythi B(X)< B(Y),B(X)< B(Y)

o

B(XVY)2B(X)UB(Y)
7. B(XNY)c B(X)NB(Y)
8. B(U\X)=U\B(X)
9. BU\X)=U\B(X)
10. B(B(X)) = B(B(X)) = B(X)
11. B(B(X)) = B(B(X)) = B(X)
Ta chirng minh mét sé dinh 1y dién hinh.
3. Tir dinh nghia x4p xi trén ta co:
0eB(XUY)<3IPeU|IND(B):(oeP,PN(XUY)=Q)
Miatkhac: PN (X UY)2d o PN X #J hoaic PNY = .
Do do6:
0eB(XUY)& (0ePB,PNX #D) hoic (o€ P,PNY # QD)
< (0 € B(X))hoic (0 € B(Y))
< 0eB(X)UB(Y)
= (dpcm)
4. Chung minh tuong tu 3.
5. Chimg minh: (X cY)= (B(X) < B(Y))
Giasu: X Y
Xét o€ B(X).Khidé: 3P,PeU|IND(B):oe P,Pc X .
Ma Xc/Y nén P Y . Nhung theo dinh nghia tap x4p xi dudi :
BY)={x|xeP,PeU|IND(B),PcY}
Nén: Pc B(Y),trdo: oe B(Y)
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Vay : B(X) < B(Y). Tuong tu ta chirng minh dugc E(X)QE(Y)
6. Xétoe B(X)uUB(Y) = dP,PeU |IND(B),oe P,(Pc XVvPCY)
= P c X UY . Mit khac theo dinh nghia tap xap xi dudi :
B(XuY)={x|xeP,PeU|INDB),Pc XuUY}
Vay: Pc B(XUY),trdd oe B(X UY)
= dpcm.

7. Chiing minh tuong ty 6
8. Tacé: BU\X)={JP|PeU|IND(B),PcU\X}
=U\{JP|PeU|IND(B).PNX =}
=U\ Z_3(X ) (dpcm).
9. Ching minh twong tu hodc c6 thé suy ra tir 8.
10. T dinh nghia cua tap x4p xi dudi :
B(B(X))={xeU|[x]; c B(X)}
={xeUl|[x],c X} , viB(X)c X
= B(X)
Tuong tu :E(Q(X)) = B(X)- Vay ta c6 dpcm.
11. Chiing minh tuong tu 10. O
Dua vao y nghialctia cac xap xi trén va xap xi dudi, ngudi ta dinh nghia bén 16p co
ban ctia cac tap tho, hay bon hinh thic cta sy mo hd (vagueness) :

(a) X dugcgoila B-dinh nghia dwoc mét cdch thé (roughly B -definable) néu
va chinéu B(X)# QD va B(X)=U.
(b) X duogc goi la B-khong dinh nghia dwoc mot cach ngi vi (internally B -
undefinable) néu va chi néu B(X)=0 va B(X)=U .
(c) X duogc goi la B-khong dinh nghia dwoc mot cach ngoai vi (externally B -

undefinable) néu va chi néu B(X )£ va B(X )=U.
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(d) X duogc goi la B-khong dinh nghia dwoc mot cach hoan toan (totally B -
undefinable) néu va chi néu B(X)=@ va B(X)=U.
Céac khai niém trén c6 thé dién ta nhu sau :

e X la B-dinh nghia dugc mogt cach tho nghia la : véi sy gitip do cua tap
thudc tinh B ta c6 thé chi ra mot sb dbi tuong cia U thudc vé tap X va
mot sd dbi tuong cua U thudc vVeU\X.

e X la B-khong dinh nghia dugc mét cach ndi vi nghia 1a : st dung tap
thudc tinh B ta co thé chi ra mot s6 dbi tugng cua U thudc vé U\ X,
nhung lai khong thé chi ra dugc cac ddi tuong thude vé X .

e X la B-khong dinh nghia dugc mdt cach ngoai vi nghia la : stir dung tap
thudc tinh B ta c6 thé chi ra mot s6-ddi tuong cua U thudc vé X, nhung
khong chi ra dugc céac doi tuong thude VEU\X .

e X la B-khong dinh nghia dugcmdt cdch hoan toan nghia 1a : st dung
tap thudc tinh B ta khong thé chi ra bat ky ddi tuong nao ctia U thudc vé
X hay thudc vé U\ X .

Cubi cung, mot tap tho céd thé duoc dinh luong boi hé sb

o ()= 1B
| BOY)|

duoc goi 1 d6 chinh™xac cua xdp xi, trong d6 | X | chi sé phan tir cia tip X . RS
rang 0<a,(X) <1, Néu a,(X)=1 thi X 1376 ( chinh xdc) dbi véi tap thudc tinh B.
Nguoce lai, néu a,(X) <1 thi X 13 thé (mo ho) d6i véi tap thudce tinh B.

Chuing ta két thuc myc nay véi thuat toan xac dinh cac xap xi trén va xap xi dudi
cua mot tap dbi tuong theo mot tap thudc tinh cho trudc.

Thuit toin xac dinh x4p xi dwéi

Vao:

= Tap cac dbi twong X

23



Chuong 1 — Ly thuyét Tap thd

Ra:

Tap cac thudc tinh B

= Tap cac dbi tuong BX

Thuat toan :

Buwoc 1 :

Buwoc 2 :

Buwoce 3 -

Buwoce 4 -

Bwoc 5 :

Khéitao BX = .
Xac dinh tap cac phan hoach P cua tap vii tru U tao béi B.
U, =U
NéuU, =

Thi : Thyuc hién budc 3.

Nguoc lai : Thyc hién budc 5
Xétx e Uy
Tim phan hoach P; € P sao cho :x € P;.
Néu P, ¢ X

Thi: BX =BX UP
U, =Up\P;.
Thuc hién budc 2.

Két thuc

Thuat toan xac dinh xap xi trén

Vao:

= Tap cac d6i tuong X

Ra:

Tap cac thudc tinh B

= Tap cac dbi tuong BX

Thuat toan :
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Budc 1: Khéitao BX =3 .

Xéc dinh tap cac phan hoach P cua tap vii tru U tao béi B.

Budc2: X;=X

Néu X, =
Thi : Thuc hién budc 3.
Nguoc lai : Thyc hién budc 5

Buoc 3 : Xétx € X;.

Tim phan hoach P; € Psaocho: x € P;.
BX=BX UP
Véimoip € Pin X,
X; =X\ {p}
Hét v6i moi

Buoc 4 : Thuc hién budc 2.

Bude 5 : Két thic.

1.5. Sw khong chic chin va ham thudc

Chung ta da biét BN, (X) 1a tap cac dbi tuong trong tap vii try U ma bang cach sir
dung tap thudc tinh B ta khong thé x4c dinh dugc chic chin ching c6 thudce tap doi
tuong X hay khéng. Do d6, su khong chic chin trong ngir canh ndy gin véi mot cau
hoi vé dé thuéc (membership) ciia cac phan tir vao mot tap hop.

Trong ly thuyét tap hop ¢ dién, mot phan tir hoidc 13 thude vao tap hop hodc khong.
Nhuvay ham thudc tuong ing 1a mot ham déc trung cho tap hop, nghia 1a ham s€ nhan
gia tri 0 va 1 tuong Ung.

Trong 1y thuyét tap tho, ham thudc thé p® 1a khai niém dung dé do muc do thude

cua doi tuong x trong tap vi tru U vao tap cac doi tuong X c U, va dugc tinh béi
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mirc d6 giao nhau giita tap X va 16p twong duong [x], ma ddi tuong x thudc vé. Mot
cach hinh thtrc, ta co :
Hy U = [0]]

[x]; N X]|
H - -

|[x]3|

X

Mot sé tinh chit ciia ham thudc thé

f—

te(x)=1<xeBX

2. ,ufj(x)=0<:>er—EX

3. 0<ui(x)<l<> xeBN,(X)

4. uy(x)=py(y) néu (x,y) € IND(B)
5. my () =1-pz(x),VxeU

6. yy (x)=max(uy (x), 4y (x)),Vx e U

7. gy (x) = min(uy (x), 4y (), Vx e U
Vi du 1-9 : Xét bang quyét dinh dudi day

A, A, 4, A, A,
X, 1 A 2 34 Black
X, 2 A 3 23 Blue
X, 4 B 3 32 White
X, 1 B 2 12 Black
X, 3 B 1 32 Blue
XS 1 B 4 12 Black

Bang 1- 6 : Bang quyét dinh ding minh hoa ham thudc thé
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Xét tap thudc tinh B ={4,,4,} va tap dbi tuong X = {x,,x,,x;}. Lop twong duong
twong Umng v6i quan hé IND(B) la : E, ={x,}, E,={x,}, E,={x,}, E, ={x;,x},
Es ={x,}.

Ap dung dinh nghia ham thudc tho, ta thu duoc :

o] _,

)li o) = =1.0

Ly (xy) o)

B _ |{x3}| _

ﬂX(xo)_|{x3’x5}|_ 5 O

Tt dinh nghia ham thudc thd, hai khai niém xap xi trén va xap xi dudi co thé duoc

A A r A r J r.: A A A A \ 1
xay dung mdt cach tong quat tuong ing voi mot do ro bat ky z (5,1] nhu sau :

B, (X) = {x| uy(x)> 7}
B (X)={x| uy(x)>1-7}
Luu ¥ rang hai khai niém xap xi‘trén va xap xi duéi ma ta di xay dung trong phan
1.4 twong Umg vé1 truong hop doro 7 =1.0.
1.6. Sy phu thugc giira cac tap thugc tinh
Mot van dé quan trong trong phan tich dir liéu 13 kham pha su phu thudc gitta cac
thudc tinh. Mot céach truc gidc, mot tap thudc tinh D dugc cho 1a phy thudc hoan toan
vao tap thudc tinh C, ky hiéu C = D, néu tat ca cac gia tri ciia cac thudce tinh trong D
c6 thé dwge xac¢ dinh duy nhét boi cac gia tri cua cac thugc tinh trong C. No6i cach
khac; D phu thuoc hoan toan vao C néu ton tai mot 4nh xa tir cac gia tri cua tap C toi
cdc gia tri cua tap D. Khai niém phu thude thudc tinh duoc thé hién dudi dang hinh
thirc nhu sau.
Cho C va D la cac tap con cua tap thudc tinh 4. Ta n61 D phu thuoc C voi do

phu thuéc k (0<k<1),kihi¢éu C=, D néu :
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| POS (D)

k=y(C,D)=
U
trong do

POS.(D)= [ JC(x)

XeU|IND(D)
duogc goi 1a C-ving dwong ciia D. Pay 1a tap cac dbi tuong cia U ma bang cach su
dung tap thudc tinh C ta c6 thé phan chung mot cach duy nhat vao cac phan hoach cia
U theo tap thudc tinh D.

Dé dang thiy rang :

wem= y <
xaimowm |U|

Néu k =1 thi tandi D phu thudéc hoan toan vao C, nguoc lai néu k <1 thi tandi D
phu thuéce mét phan vao C véi o phu thude « .

C6 thé nhan thay rang néu D phu thudc hoan toan vao C thi IND(C) < IND(D).
biéu nay c6 nghia la cac phan hoach tao ra boi tap thudc tinh C min hon cac phan

hoach tao ra boi D.

1.7. Rut gon thudc tinh

1.7.1. Khai niém
Trong phan 1.3 ching'dd dé cap dén hai kha ning du thira trong mot hé thong tin,
dola:
=" Céc d6i tuong gidng nhau theo mot tap thudc tinh dang quan tdm duoc lap
lai nhiéu 1an.
= Mot sb thudc tinh c6 thé duoc bo di ma thong tin ching ta dang quan tdm do
bang quyét dinh cung cip van khong bi mat mat.
V6i truong hop tht nhat, khai niém 16p twong dwong hién nhién cho ta mét tiép can
tu nhién trong viéc tinh giam thong tin can luu trir trong mot hé thong tin : chi can sir

dung mot d6i tugng dé dai dién cho mdi 16p twong dwong. Trong phan ndy ching ta
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nghién ctru tiép can cho loai du thira thong tin thtr hai, d6 13 chi giit lai nhitng thudc
tinh bao toan quan hé bat kha phan biét, va do d6 bao toan kha ning xap xi tip hop
trong mQt h¢ thong tin.

Xeét hé thong tin 4 = (U, A) va hai tap thudc tinh P,Q < 4. Thudc tinh a € P duoc
20i 14 ¢6 thé bé duoc (dispensible) trong P néu IND(P) = IND(P-{a}), nguoc lai-ta
n6i a 1a khéng thé bé duwoc (indispensible) trong P . R3 rang thudc tinh'cd thé bo duoc
khong lam ting / giam kha ndng phan loai khi c6 / khong c6 mat thude tinh do trong
P. Tap tt ca cac thudc tinh khong thé bo duoc trong P dugc goi 13 16i (core) cua P,
ky hiéu CORE(P). Luu ¥ rang 15i c6 thé 1a tap rdng, va khi d6 moi tap con cua P véi
luc luong bang card(P)—1 déu giit nguyén kha nang phan loai clia P.

Khi loai ra khoi P mot $6 thudc tinh co thé bo duogc thita dugc mat tap rut gon cia
P. Noi cach khac, rat gon cia mot tap thudc tinh. P 1a tdp thudc tinh Bc P gitt
nguyén kha ning phan loai cia P, hay IND(B)= IND(P). D& dang thiy rang, vi 15i ciia
P 1a tap cac thudc tinh khong thé bo dugc ciia P nén tat ca cic rat gon cia P déu
chtra tap thudc tinh 161.

Mot rat gon B cua tap thudc tinh P duoc goi la rut gon hoan toan néu v6i moi tap
thudc tinh B < B, B _khong la rit gon cua P. Nhu vay rut gon hoan toan 1a tap thudc
tinh nho nhét trong tat ca cac rat gon c6 thé co cia P va duge ky hiéu 1a RED(P).

Tinh chit : Tap thudc tinh 161 cua P 1a giao cua tat ca céac rat gon hoan toan cua P,
tirc 1a CORE(P) =(\RED(P)

Pé minh hoa cho nhitng khai ni¢m trén, ta xét vi du sau.

Vidu1-10: Xét Bang 1-3 voi tap thude tinh P = {a,b,c}. Taco :

U | IND(P) = {{1},{2,3,4},15,6},{7,8,9}}
U | IND({a}) = {{1,2,3,4},{5,6,7,8,9} }
U | IND({b}) = {{1,5,6},{2,3,4,7,8,9} }
U | IND({c}) ={{1,2,3,4},{5,6,7,8,9} }
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U | IND({a,b}) = {{1},{2,3,4},{5,6},{7.8,9} }
U | IND({b,c}) = {{1},{2,3,4},{5,6},{7,8,9} }
U | IND({c,a}) = {{1,2,3,4},15,6,7.8,9} }

Vi {a,b} va {b,c} 1a hai tap thudc tinh con nho nhat cia P va giit nguyén kha ning
phan loai tdp U cua P, tacla: U|IND({a,b}) =U | IND({b,c}) =U | IND(P)-nén chiing
1a hai rat gon hoan toan cia P. Ldicua P la {b}. m]

Thudc tinh a duoc goi 1a Q - ¢6 thé bé dwoc (Q — dispensible) trong P néu
POS,(Q) = POS,_,,(Q), nguoc lai 1a O - khong thé bé dwoc (O-indispensible). Tap tat
ca cac thudc tinh O - khong thé bo duoc trong P dwoc'goi 14 Q - 16i twong déi (O —
relative core) ciia P hay Q - [6i (Q — core) cua P va dugc ky hi¢u la CORE,(P).

Tap thudc tinh B < P dugc goi la Q - rut'gon (O — reduct) cia P khi va chi khi
POS,(0) = POS,(Q). Mot tap O - rat gon B clia P 13 Q - rit gon hoan toan néu véi
moi tap thudc tinh B' = B, B khongla Q - rit gon ciia P. Nhu vy, O - rit gon hoan
toan ciia P 1a tip thudc tinh nhé nhat trong tat ca cac O - rit gon cia P va duogc ky
hi¢u la RED,(P).

Tinh chat : Tap thuéc tinh O - 161 ctia P 1a giao cua tat ca cac tap thudc tinh Q -
rat gon tuong déi clia P, tirc1a:  CORE,(P) = (RED,(P).

Vidu 1-11 : Xét h¢ thong tin trong Bang 1—6 véi tap thudc tinh P={4,,4,,4,} va
0 =1{A4,).Khidé: CORE,(P)= Vi RED,(P)={{A,}, {4, 4}} . O

1.7.2. Ma tran phan biét va ham phan biét

Phan trén cung cép cac khai niém vé rat gon thudc tinh trong mdt h¢ thong tin, tuy
nhién ching chua that su rd nét va truc quan. Trong phan nay chung ta sé thiy duoc
ban chat cia mot rat gon cua tap thude tinh, va day 1a co s¢ dé hiéu duoc cac thuat toan

tim tap rat gon trong mot hé thong tin.
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Xét hé thong tin 4= (U, 4) c¢6 n ddi tuong. Ma trdn phdn biét cia A 13 ma tran dbi

xtng kich thudc nxn c¢6 cac phan tir c¢; dugc cho nhu sau :
c;, =tae Ala(x;)#a(x;)} vOi i,j=12,..,n

Nhu vay moi phén tr ¢, cua ma trdn phan biét la tdp hop cac thudc tinh dé phan
biét hai doi tuong x, va x,.

Vi du 1-12 : Xét mot hé thong tin don gian trong Bang I-7 v6i-3 thudc tinh va 4
d6i tuong. Phan tir tai dong 1 cot 3 cling nhu phan tir tai dong 3/cot 1.1a tap thudc tinh
{a,c} ndi 1én réng hai doi tugng x, va x, nhan gia tri khac nhau tai hai thudc tinh a« va

C.

a b c
X, 1 0 1
X, 1 1 2
X, 0 0 2
X, 1 0 1

Bang 1- 7 : Hé thong tin dung minh hoa ma trdn phan biét

H¢ thong tin trén s€ c6'ma tran phan biét kich thudc 4x4 nhu sau :

X, U i, ¢} {a,cj #
X, {b,c} i {a,b} i, ¢
X5 la,c} {a,b} ¥ la,c}
X, ) {b,c} {a,c} {}

Hinh 1- 2 : Ma trgn phan biét cua Bangl-7
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Ma tran phan biét khong chi dugc dinh nghia trén tap tAt ca cac thudc tinh cta hé
thong tin ma con co thé duogc xay dyng trén mot tap thudc tinh B < 4 bat ky. Trong
truong hop do, phan tir ¢, latap cac thugc tinh trong B phéan biét hai d6i tuong x,, X;.
Chéng han véi hé thong tin trong Bdng -7, ma tran phan biét xay dung trén tap thudc
tinh {a,b} duoc thé hién trong Hinh I-3.

Xét ma tran phan biét dugc xay dung trén tap thudc tinh B < 4. Gia st tdp thudc
tinh B phan hoach tap d6i tugng thanh cac 16p tuong duong X, X, .., X, , va do hai
ddi tuong thudoc mot 16p tuong duwong thi nhan gia tri nhu nhau tai cac thudc tinh trong
B nén thay vi xay dung ma trdn phan biét giita ting cip doi twong, ta xdy dung ma
tran phan biét gitta timg cap 16p tuong dwong. Khi d6, phan tir c;,Vi,je{l2,.,K} 1a
tap hop thudc tinh phéan biét hai doi twong bat ky thude hai 16p twong duong X, va X,

hay c6 thé noi c; la tap cac thudc tinh phan biét

X, X, X, X,
Xy U b5 la} i
X, b} # {a,b} i}
X, {a} {a,b} U la;
X, U b} laj U

Hinh 1- 3 : Ma tran phan biét cua hé thong tin Bang 1-7 xdy
dung trén tdp thugc tinh {a,b}
hai'16p trong duong X, va X . RO rang, ma tran phan bi€t gitra ting 16p twong duong
van giir nguyén gia tri vé thong tin nhu ma trin phan biét gitta timg cip ddi tuong,
ngoai ra kich thudc ma tran phan biét di duoc giam di dang ké.
Vi du 1-13 : V&i hé thong tin trong Bdng I-7, tap thudc tinh {a,b} phan tip dbi

tuong thanh ba 16p tuong duong : X, ={x,,x,}, X, ={x,} va X, ={x,}. Ma tran phan
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biét gifra cac 16p twong duong xay dung trén tap thudc tinh {a,b} s€ c6 kich thudc 3x3

va dugc thé hién trong Hinh 1-4.

X, X, X,
X, | 0 ) {a)
X, | 0 {a.b}
X, | @ (a.b} 0

Hinh 1- 4 : Ma tran phan biét giita cac lop twongdwong cua
hé thong tin Bang 1-7 xdy dung trén tap thuoc tinh {a,b} .
O
Cubi cing, trong mot bang quyét dinh ngudi ta-con dwa ra khai niém ma trdn phdn
biét twong doi. Phan tir c, cua ma tran nay sé€ 1a tdp I néu hai d6i tuong x,, x; thudc
cung mot 16p twong duong, nguoc lai ¢, la tdp thudc tinh phén bi€t hai dbi tuong x,,
x, nhung khong ké thugc tinh quyét dinh.
Vi du 1-14 : Xét hé thong tin trong ‘Bang 1-7 : A= (U,{a,b} U{c}). Ma tran phan
biét trong d6i duoc thé hién trong Hinh 1-5 duéi day.

X, X, X, X,
X, ) b} {a} )
X, {b} {} {} {b}
X, laj # U laj
X, U b} {aj #

Hinh 1- 5 : Ma trdn phén biét trong doi
O
Ma tran phan biét cho ta thong tin vé cac thudc tinh phan biét hai dbi tuong bat ky

cua h¢ thong tin. Va do rit gon B cia mot tdp thude tinh P bao toan kha nang phan
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loai cia P nén B phai co giao khac rdng vdi tit ca cac phan tir cia ma tran phan biét
xdy dung trén P, va tap thudc tinh con nho nhét ctia P co giao khac rdng v6i moi phan
tor cia ma tran phan biét chinh 1a rat gon hoan toan cua tap thudc tinh P. Tt nhan xét
nay ta cé thé dua ra mot heuristic tim rat gon cua tap thudc tinh P dya vao ma tran
phan biét : dua thudc tinh v c6 mat nhiéu nhat trong ma tran phan bi¢t vao tap rat gon,
chuyén céc phan tir ctia ma tran phan biét c6 chira v thanh @ va lap lai qua trinh nay
cho toi khi moi phan tir ciia ma tran phan biét déu 1a tap rong. Ching han véi ma tran
phan biét cua Bang 1-7 trong Hinh 1-2, cac thuQc tinh a, b va‘c tuong ting xudt hién
6, 6 va 8 1an nén dau tién ta chon thudc tinh ¢ vao tap rat'gon va bién nhirng phan tir
c6 chtra ¢ thanh tip rdng. Ma tran phan biét lac ndy, thé hién ¢ Hink 1-6 bén dudi, co
hai thu¢c tinh « va » cung XUt hién 2 lan. Viéc chon a hodc » vao tap rut gon &
budc tiép theo déu lam cho ma trin phan biét ch@a toan cac phan tir 13 tip rdng. Vay
tap rat gon 1a {a,c} hoac {b,c}.

Tat ca cac rat gon ciia mot hé thong tin ‘¢é thé tim duoc théng qua ham phdn biét.
V6i hé€ thong tin 4 = (U, 4) c6ma tran phéan bi€t M =(c;), ham phan bi¢t f, cua 4

duogc xay dung dudi dang tuvén chuan tic nhu sau

x| X, X, X,
X U i i #
X, U U 1a,b; U
X U 1a,b; U U
X, ) i i )

Hinh 1- 6 : Ma tran phdn biét Hinh 1-2 sau khi chon ¢

vao tap rut gon
. * *
fA - /\i,_/,i<j,cl-]-¢® {vcij | cij € cij

Chang han, ham phan biét tvong tng véi ma tran Hinh 1-2 1a :
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fy = (bveyn(ave)a(avbya(bve)n(ave)
St dung céc tinh chét trong dai s6 Boolean nhur ludt hit, phan phdi,... ta c6 thé dua
ham phan biét vé dang hoi chudn tdc, tr d6 tim dugc cac rat gon cua h¢ thong tin.
Vi du I-15 : Xét hé thong tin véi tap thudc tinh {a,b,c,d,e} va tap ddituong
{0,,0,,...,05} trong Bang 1-8.
Ham phan biét cho h¢ thong tin nay 1a :
fy = (avevdveyn(a)n(avdve)n(b)a(cve) n

(avbvevdveyn(avbyan(avbvdyve)

Ap dung luat hut
xA(xvy)=x
xVv(xAy)=x
a b c d e
0, 1 0 2 1 0
0, 0 0 1 2 1
0, 2 0 2 1 0
0, 0 0 2 2 2
05 1 1 2 1 0

Bang 1- 8 : Mot hé thong tin
ham phan biét dwgc don gian thanh:
fi = @AB)r(cve)
Ap dung luat phan phéi, ta dugc :
fi=@nbnrc)v(anbne)
Biéu thirc trén no6i 1én rang : dé bao toan kha ning phan loai cta tap thudc tinh ban
dﬁu, ta can s dung tap thudc tinh {a,b,c} hodc {a,b,e}. Pay cling chinh 1a hai it gon

hoan toan ctia h¢ thong tin. m
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Cubi cung mot rut gon cua hé thong tin tim dugc dua trén ma tran phan biét tuong
dbi duoc goi 13 rit gon twong doi cia hé thong tin.

Mot s6 luu ¥ vé ham phén biét -

e (Céac toan tr A va v su dung trong ham phan biét khong phai la céc toan tir
Boolean vi chung khoéng nhdn cdc gid tri true hay false ma thé hién cho ngir
nghia co mdat hay khong co mat cia mot thudc tinh nao d6. Theo do, ham phan
biét :

f,= (avbvev fInbvd)r(avdvevif)a
(avbvevd)Abvdvev fyn(dvc)
duoc hiéu nhu sau : cac ddi tuong trong hé thong tin co thé dugc phan biét voi
nhau bé“mg cach st dung (thudc tinh a hoac-h hodc ¢ hoac 1) va (thude tinh »
hoac d) va (thudc tinh a hoac d hoac ¢ hoac 1) va (thudc tinh a hodac » hoac
¢ hodc d) va (thudc tinh » hoac d hoac e hodac /) va (thudc tinh 4 hoac c).
e Ham phén biét c6 thé xem nhw mot tip cac tp hop. Vi dy, ham phan biét trong
luu y trén tuong duong véi tap :
C ={{a;b,c, f},{b,d},{a,d,e, [},{a,b,c,d},{b,d,e, f},{d,c}}
Va ciing giong nhuv6i ma tran phan biét, tap nho nhat c6 giao véi tat ca cac
phan tir ctia C chinh 14 cic rat gon ctia hé thong tin twong tng. Vi du : {a,d} 1a
mot trong cc tip nho nhit co giao voi tit ca cac phan tr cia C nén nd 1a mot
rat-gon cua hé thong tin.
1.8.. Mot s6 thuit toan hiéu qua
Trong nhitng phan trén, cing voi phan trinh bay khai niém chung ta ciing da c6 mot
s6 thuat toan nhu xac dinh cac 16p tuong duong, tim xap xi trén, xap xi dudi. Phan nay
trinh bay mot s6 thuat toan dic biét hidu qua trén cac bang dir 1i€éu 16n [7].
1.8.1. Lop twong duwong
Vao :
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= Hg¢ thong tin 4= (U, A)
= Tap thudc tinh Bc 4
Ra : Tap céac 16p twong duwong {X’,..,X”} cta quan hé IND(B).

Thuit toan :
Buéc 1 : Sap xép tap d6i tuong trong U dua trén mot thir ty duoc dinh nghia trén

tap thudc tinh B, ky hi¢u <, :

1 _ _ 1 2 _ _ 2 m __ A m
X, =p =5 X <B X, =p =g Xpp <B "'<B X =g . Tp Xl-m

trongdo O<m<n, 0<i,.,i, <n va i +..+i, =n.
Buéc 2 : Pat X7 = {x{,...,xl{},Vj =1,...,m. Khi d6 cac tap hop X, X7,.., X7 1a cac
16p twong duong cia quan hé IND(B) .
1.8.2. Xap xi trén, xap xi duéi
Vao :
= H¢ thong tin 4= (U, A)
= Tap thudc tinh Bc 4
= Tap ddi tuong X cU
Ra : Tép cac ddi twong BX va BX.
Thuit toan :
BudedwXac dinh cac 16p twong duong X, X7 ..., X7 cia quan hé IND(B).
Bude2 :Pit BX =0 va BX =0 .

Buwoe 3 :

Véimoi j=12,..m
Néu X/ c X

Thi: BX =BX U X?
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Néu XP X =&
Thi: BX =BX U X’
Hét voi moi
1.8.3. Vung duong
Vao :
= H¢ thong tin 4= (U, A)
» Tap thudc tinh C,D c 4
Ra : Tép cac ddi tugng C - ving duong ctia D.
Thuat toan :
Bude 1 : Xac dinh cac 16p twong duong X, X5 ,..., XS ctia quan hé IND(C).
Buéc 2 : POS.(D)=@.
Budc 3 :
Véimoi j=12,..m
Néu moi doi tuong trong X ]C béng nhau tai tit ca cac thudc
tinh trong D
Thi: POS.(D)=POS.(D)U X ¢
Hét voi moi
1.8.4. Rut gon thudc tinh
Xét hé thong tin 4= (U,4). Véi batky Bc 4 va X cU, quan hé twong duong
IND(B) gi6i han trén tap dbi tuong X duoc ky hiéu 1a IND* (B) va tap cac 16p tuong

duong tao bai quan hé nay 1a [IND* (B)].
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01 thudéc tinh ae A4, gia su a)]= . CY . bat x= va
Véi th tinh A4, g [IND* X, X,,..X,}. Dat X

X, = |X bi=L..,m. S6 w¥ (a) cac cap ddi tuong trong X phan bi¢t nhau tai thudc tinh

a dugc tinh tir cong thic :
m
2 2
Z XX, X7 — z X;
i=l1

WX (a) =L =
(@) 2 :

B6 dé : Gia st [IND* (B)]={X,,X,,...X,} va ae A\B.Khi d6 ta co

1. [IND*(Bu{a})]=JIUIND* (a)]

i=1

2. Vé&i Wi (a) la sO luong cép dbi tuong trong “X phan bi¢t nhau tai thudc tinh

a nhung bang nhau tai cac thudc tinh trong B : W(a) = > wha) o

pa
Trong phan tiép theo chung ta dua ra hai chién lugc tim tip thudc tinh rat gon :
chién lugc Johnson va chién luge ngawnhién:
1.8.4.1. Chién lwgc Johnson
Vao : H¢ thong tin 4= (U, 4).
Ra : Tap thudc tinh ratgon R < 4.
Chién lwoc :
Buoc 1: Pat R=G L ={U}.
Buoc 2 . Thue hién budce 3.
Budc 3
Véimoi ae 4
Véimoi X, €L
* Tim [IND" (a)].
* Tinh W (a)

Heét voi mot
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Tinh W, (a)=W" (a)+...+ W (a).
Hét v6i moi
Buéc 4+ Chon thude tinh a c6 gia tri W (a) 16n nhat.
Buoc5: A=A\{a}, R=RU{a}.
Buéc 6: L=[IND* (a)]u...uU[IND*" (a)].
Budc 7 :
Néu WY (a)=0 hodc A=
Thi : Dung
Nguoc lai : Thyuc hi¢n budc 2.
1.8.4.2. Chién lwgc ngiu nhién
Vao : H¢ thong tin 4= (U, 4).
Ra : Tép thudc tinh rat gon R < 4.
Chién lwoc :
Buocl: Dit R=0, L=1{U}.
Buoc 2 : Thuc hién budc 3.
Budce 3 :
Véimoiae A
Tinh W,(a) nhu bude 3 cua chién luoc Johnson.
Hét v6i moi

Buoc 4 Chon ngau nhién mot thudc tinh a vdi xac suat :

U
P(a):WR—(a) véimoi ae 4.

2 Wia,
Buoc5: A=A\{a}, R=RuUl{a}.
Buéc 6 : L=[IND" (a)]u...0U[IND*" (a)].

Buwoce 7 -
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Néu WY (a)=0 hodc A=
Thi : Dung
Nguoc lai : Thuc hién budc 2.
1.8.4.3. Loai b6 thugc tinh thira trong mot rut gon
Rut gon tim duoc boi hai chién lugc trén van co thé chira cac thudc tinh thira, theo
nghia, viéc loai bé ching ra khéi rit gon khong lam vung duong cua tap rut gon ban
dau so voi thudc tinh quyét dinh bj thay ddi. Do d6 ta can mot thudt toan loai bo cac
thudc tinh du thira nay.
Vao :
= H¢ thong tin 4= (U,C U D).
= Taprautgon R.
Ra:Tépratgon R cR.
Thuat toan :
Bude 1 : Tinh POS, (D) va dat m=|POS,(D)|.
Buoc 2
Véimoi ae 4
= Tinh POS,,,, (D) vadat m, =|POS,,,, (D).
= Néum/ =m
Thi: R=R\{a}.
Hét v6i moi

Buéc3: R =R.

41




Chuong 2 — Bai toan Nhan dang mat nguoi

Chuong 2
Bai Toan Nhidn Dang Mat Nguoi

2.1. Giéi thigu

Trong thé gi6i ngdy nay véi su phat trién manh mé& cua ky thudt sé va mang toan
cau, vin dé dam bao an toan vé thong tin ciing nhu vat chat trd' nén ngay cang quan
trong va kho khan. Thinh thoang ching ta lai nghe néi dén nhitng vu danh cép thé tin
dung, dot nhap trai phép vao cac hé thong may tinh hay toa nha cua co quan nha nuéc,
chinh pha. Hon 100 triéu d6 la 13 con s6 da bi that-thoat & My vao nam 1998 do cac vu
gian 1an va xAm nhap néi trén (theo Reuters, 1999) [5]. Trong da sb cic vu pham phap
nay, bon to61 pham da lgi dung nhitng khe hé corban trong qua trinh truy cap vao cac hé
thng thong tin va kiém soat. Phan 16n nhimg hé théng nay khong thuc hién quyén truy
cap cua nguoi su dung dua vao thong tin “chung ta 1a ai” ma chi dya vao “chung ta cé
gi”. Noi cach khac, thong tin'ma ngudi sir dung cung cdp cho hé thdng khong dic trung
dugc cho ban than hg, ma chi la nhiing gi ho hién dang s¢ hiru nhu ) ching minh
nhan dan, chia khod, mat ma; s thé tin dung hodc ho tén. RO rang nhirng thong tin hay
vat dung nay khong mang tinh dic trung ma chi mang tinh xac thuc dbi véi nguoi sir
dung, va néu chung bi danh cip hay sao chép thi ké trom hoan toan c6 quyén truy
nhap, sit dung dit liéu hay phuong tién cua ching ta bat ctr lic nao ho muén. Hién nay,
nhitng cong nghé hién dai da cho phép viéc xac thyc dua vao “ban chat” cua tung cé
nhan. Céng nghé nay dua trén linh vuc duoc goi 13 sinh trdc hoc. Kiém soat bang sinh
trac hoc 13 nhitng phuong phép ty dong cho phép xac thuc hay nhan dang mot ca nhan
dua vao cac dac trung sinh ly hoc cia nguoi do nhu dac diém van tay, guong mat,
gen,... hodc dua trén nhiing dac diém lién quan dén dac trung hanh vi nhu dang chtr

viét, cach gd phim, giong ndi...Vi nhiing hé thong nhan dang bang sinh trac hoc sir
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dung thong tin sinh hoc cta con nguoi nén két qua chinh xac va dic biét 1a rat khé bi
gid mao.

Céc dac trung sinh 1y hoc 14 duy nhat & mdi ngudi va rat hiém khi thay doi, trong
khi d6 dic trung hanh vi c6 thé thay d6i bat thudong do cac yéu té tim 1y nhu cing
théng, mét moéi hay bénh tat. Chinh vi ly do nay, cac h¢ théng nhan dang dua trén dac
trung sinh 1y t6 ra on dinh hon cac hé théng dua vao dac trung hanhvi. Tuy nhién,
nhén dang bﬁng cac dac trung hanh vi ¢6 vu diém 1a dé& su dung va thuan tién hon :
thay vi phai dit mat truéc mot may quét dién tir hay 1dy ra mot giot mau, ngudi sir
dung s& cam thdy thoai mai hon khi dugc yéu cau ky tén hay néi vao'mot micro.

Nhéan dang guong mit 1a mot trong s it cac phwong phap nhan dang dua vao dic
trung sinh 1y cho két qua chinh x4c cao dong thoi rat thuin tién khi sir dung. Hon nira,
trong s cic didc trung sinh Iy hoc, gwong mit cia mdi nguoi 13 yéu td dau tién va quan
trong nhit cho viéc nhan biét 1an nhau cling nhu biéu dat cam xuc. Kha nang nhan
dang n6i chung va kha ning nhan biét guong mit nguoi noi riéng ciia con ngudi that
dang kinh ngac. Chung ta c6 kha nang nhan ra hang ngan guong mat cua nhirng nguoi
minh d3 gip, di giao tiép trong cudc song chi bang mot cai nhin thoang qua, thim chi
sau nhiéu nim khong gipeling nhu nhitng sy thay doi trén gwong mit do tudi tac, cam
xuc, trang phuc, mau téc,...Do do, viéc nghién clru cac dac tinh cua guong mat nguoi
da thu hut rit nhiéu nhatriét hoc, nha khoa hoc qua nhiéu thé ky, trong d6 c6 ca
Aristotle va Darwin [1].

Chinh vi nhiing 1y do trén, tir nhitng ndm 1970, nhan dang mat nguoi da thu hit sy
quan tam cua nhiéu nha nghién ctru trong cac linh vuc nhu bao mat, tam ly hoc, xtr ly
anhva thi gidc may tinh. Ngay nay céc chuwong trinh may tinh vé nhin dang mit ngudi
da tim dugc nhitng Gng dung thyc té nhu [3]

»  Nhdn dang téi pham
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Céc hé théng nhan dang mit nguoi da duogc tich hop vao trong cac hé thong
kiém soat san bay va dugc st dung dé tim kiém va nhéan dién nhirng tén
khung bd hay bon budn ban ma tuy.

= Kiém sodt truy cdp vao cdc hé thong mdy tinh trong méi truong cong tdc
Viéc kiém tra dang nhap vao cac hé théng may PC duoc két hop giira thong
tin mat ma va / hoic nhin dang mit nguoi. Pidu ndy gitp nguoi lam viée
khong cam thiy bi rdi boi trong cac thi tuc truy cap phitc tap dong thoi van
dam bao duogc dg tin cay ddi voi thong tin khach hang va cac bi mat trong
kinh doanh.

= Gidi phdp bdo mdt bé sung cho cdc giao dich it tién tr dong (ATM)
Viéc truy cap vao cac may rut tién tu dong va cac dich vu khéac ctia ngan
hang dugc kiém soat boi cac thong tin‘nhur s6 tin dung (PIN), giong noi,
trong mét két hop voi nhan dang guong mit.

= Poi sanh anh can cudce trong hoat déng ciia nganh ludt phdp
Céc co quan luat phap c6 thé st dung cac hé thong nhan dang mat nguoi dé
dbi sanh nhitng mota cta cac nhan chimg v6i nhitng tén to6i pham duoc luu
trlr trong co s¢-dir li¢u.

= Ung dung trong cic giao tiép nguoi — mdy
Sau khi xac dinh dugc ngudi st dung va cam xudc cua ho tai thoi diém do,
cac héthdng may tinh c6 thé co cac tng xur thich hop.

Trong chuong ndy trudc tién chung ta s& diém qua mot sé phuong phap di dugc st
dung trong linh vuc nhan dang mat nguoi. Sau khi dua ra mot mo hinh tiéu biéu cho
mot hé théng nhan dang mat ngudi va ban luan vé mot sd kho khin cho toan bo qua
trinh'nhan dang, chung ta s€ tap trung vao hai giai doan rit trich dac trung va phan 16p
v6i hai phwong phap : phdn tich thanh phan chinh (Principle Components Analysis —
PCA) va mang lwong hoad vector (Learning Vector Quantization Network — LVQ). Day
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13 hai cong cu duoc st dung trong luan vin nhim danh gia hiéu suat ciia hé théng nhan
dang c6 két hop voi 1y thuyét tap tho.
2.2. Cac nghién ctru trudc day

Rat nhiéu nghién ctru tap trung vao viéc xac dinh cac dic diém riéng trén guong
mit nhu mat, mili, miéng, khudn hinh cua dau, va dinh nghia mot guwong mit thong qua
vi tri, kich thuéc va méi lién hé gilra cac dac diém nay. Nhirng cach tiép cén nay thuc
su rat khoé mo rong cho trudng hop tong quat va khién hé thong dé d6 vd. Ngoai ra,
nhing nghién ctru vé cach thirc con ngudi st dung trong nhan dang matngudi cho thiy
nhiing dic trung trén cung nhimg mdi quan hé truéc mat gitta ching 1a chua du dé
nhan biét gwong mit cia con nguoi. Tuy vay, tiép can nay van con dugc sir dung rong
rai trong linh vuc nay [1].

Nam 1966, Bledsoe da xay dung hé nhan dang ban tu dong dau tién co su tuong tac
gilta ngudi va may. Dic trung dung dé phan 16p 1a cac diu hiéu co ban dugc con ngudi
thém vao cac anh. Cac tham s sir dung trong qua trinh nhan dang 14 nhitng khoang
cach chuin va ti 16 giita cac diém nhu goc cua doi mit, goc ciia miéng, chép miii va
diém cam [1].

Nam 1971, phong thi nghiém Bell dua ra hé nhan dang dua vao vector dac trung 21
chiéu va st dung cac k¥ thuat phan 16p mau dé nhan dang. Tuy nhién, cac dic trung
nay duoc Iya chon mét'cach rat chit quan (nhu mau toc, chiéu dai vanh tai,...) va rat
kho khan cho qua trinh tu dong hoa [1].

Fischer va Elschlager nam 1973 d3 ¢ ging do luong cac dic trung tuwong tuy nhau
mot cach ty-dong. Ho dua ra mot thuit toan tuyén tinh so khép cac dic trung cuc bd
két hop v6i cac dd do thich nghi toan cuc dé tim kiém va dinh lugng cac dic trung cua
guong mit. Ky thuit so khép nay sau d6 duoc tiép tuc nghién ciru va phat trién trong
cac cong trinh cua Yuille, Cohen va Hallinan nam 1988 [1].

Mot s& phuong phap nhan dang lién két (connectionist approach) dua vao viéc nim

bét cac cAu hinh hay ban chit tya cdu tric cia bai toan. Kohonen va Lahtio nim 1981
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va 1989 da dua ra mang két hop (associative network) va mot thuat toan hoc don gian
cho phép phan 16p mdt anh mat cling nhu goi nho lai mdt guong mat tr dir liéu khong
hoan chinh va bi nhiéu. St dung cung y tudng nay, nim 1990, Fleming va Cottrel da
st dung cac don vi phi tuyén va huin luyén mang bang k¥ thuat lan truyén ngugc. Hé
nhin dang WISARD nam 1986 ctia Stonham da dugc str dung thanh congtrong xéc
dinh mat nguoi cling nhu nhan biét cam xtc cua ho. Hau hét cac hé sur dung phuong
phap lién két noi trén déu xem cac anh mat dau vao nhu 14 cac mau hai chiéu tong quat,
tic 1a ching khong str dung thém bét ky tri thirc ndo khac lién/quan dén cac dic tinh
clia cac anh guong mit. Ngoai ra, mot sd hé thong trong s6 nay lai ¢an sb lugng rat 1on
cac mau dung cho huan luyén moi cé thé dat duoc hiéu qua su dung chép nhan duoc
[1].

Céc phuong phap khac tiép can bai toan nhan-dang mat nguoi tu dong béng cach
dac trung moi guong mat bédi mat tap cac tham s6 hinh hoc va thuc hién nhan dang
thong qua tip cac tham sd nay. Hé théng ciia Kanade nam 1973 ¢6 18 1a hé théng dau
tién va la mgt trong s6 it cac hé théng trong d6 cac budc nhan dang dugc thyc hién
hoan toan ty dong, st dung chién lugc diéu khién tir trén xuéng duogc dinh hudong boi
cac dac trung dugc chon.H¢ théng nay tim tap cac tham sb cla guong mat tor mot anh
dua vao, sau d6 sir dung cdc k¥ thuat nhan dang dé so khop voi tap tham s cia céac
anh di biét. Pay 1a ky. thuat thong ké thuan tuy chi yéu phy thudc vao phén tich
histogram cuc bd va cac gia tri do xam tuyét doi [1].

Nam 1991, M. Turk va A. Pentland di st dung phuong phap phan tich thanh phan
chinh trong 1y thuyét thong tin dé dic trung cho cac anh mat nguoi. Y tudng chinh cia
phuong phap nay 1a tim kiém mot khong gian c6 sb chiéu nho hon, thuc chit 1 tim
kiém mot hé vector co s& sao cho hinh chiéu ctia ddm may diém trén chiing thé hién rd
nét nhat hinh dang cua ddm may diém. Pam may diém ¢ day chinh 1 tip cac vector

anh mit trong khong gian c6 chiéu bing kich thudc ctia anh. Mdi anh mit nguoi sau do
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s& duoc chiéu 1én khong gian con ndy, va bo thong sd nhin duoc tir phép chiéu nay
dugc xem nhu vector dac trung cho tirng anh mat.

Nam 1998, K. Okada, J. Steffens, T. Maurer, Hai Hong, E. Elagin, H. Neven va
Christoph dua ra mé hinh nhan dang mit ngudi bang séng Gabor va phuong phap phu
hop dd thi bo. Véi ¥ tuong dung dd thi dé biéu dién gwong mat, anh khuén‘mat duoc
danh diu tai cac vi tri d3 duoc xac dinh trude trén khudn mit, cac vi tri nay duoc goi la
cac vi tri chuan. Khi thue hién so khép @6 thi véi mot anh, cac diém chuan s& duoc
trich ra tir anh va duoc so sanh véi tat ca cac diém chuan twong ung trong cac do thi
khéc nhau,va d6 thi nao phu hop nhét véi anh s& duoc chon [4].

Nam 1998, B. Moghaddam va A. Pentland dua ra phuwong phap phi hop do thi truc
tiép tir cac anh can st dung cho muyc dich nhan dang va dung d6 do xac suét dé tinh do
tuong tu nay [4].

Nam 1998, M. Tistaelli va E. Grosso dua ra ky thuat thi giac dong. Do kha nang
quan sat cac chuyén dong ctia khudn mit vaxir 1y cac tinh huéng theo du dinh 1a thong
tin rat quan trong nén c6 thé st dung chung dé mo ta diy da hon vé khuén mat cho
muc dich thu thap mau va nhan dang [4].

Nam 1998, J. Huang, C. Liu va H. Wechsler dé xudt thuat toan can ¢ trén tinh tién
hoa va di truyén cho €4c tac vu nhan dang khudn mit. Trong cach tiép can nay, hai mat
s& duoc do tim trude tién va thong tin nay duoc xem 1a vét dé quan sat guong mat,
trinh xtr Iy do tim mat duoc tiép tuc thuc hién bang cach st dung mot thuat toan lai dé
két hop thao tac hoc va tién hoa [4].

Nam 1998, Oi Bin Sun, Chian Prong Lam va Jian Kang Wu st dung phuong phap
fim vung hai chan may, hai mit, miii, miéng va cam. Anh khuén mit thing ban dau
duoc chiéu theo chiéu ngang dé tim cac gia tri diém anh thoa ngudng cho trudc, do thi
biéu dién theo truc ngang s€ dinh vi bién trén va bién dudi cia hinh chir nhat bao céc
dac trung cuc bd cua khuon mat. Tuong tu véi chiéu ding dé tim ra duong bién bén

trai va phai cho cac vung dac trung [4].
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Niam 1998, A. Nefian va Monson H. Hayes trinh bay huéng tiép can theo md hinh
Markov 4n (HMM) trong d6 anh khuon mit dugc luong hoa thanh chudi quan sat trén
khuon mat theo quan ni€m dya trén thir tu xuét hién cac dic trung guong mat {hai chan
may, hai 16ng mi, mii, miéng, cam}. Trong chudi quan sat d6, mdi quan sat 13 mot
vector nhiéu chiéu s& duogc sir dung dé dic trung cho mdi trang thai trong chudi'trang
thai cia HMM. Mbi nguoi dugc udc lugng boi mot moé hinh cua HMM [4].

Néam 2001, Guodong Guo, Stan Z. Li, Kap Luk Chan st dung phuong phap SVM
dé nhan dang khudén mit, str dung chién luoc két hop nhiéu bd phan loai nhi phan dé
xay dung bg phan loai SVM da 16p [4].

2.3. M6 hinh nhan dang mit nguoi tiéu bicu
2.3.1. M6 hinh

Trong da sO cac truong hop, mot h¢ nhan dang mat ngudi bao gém hai bd phan sau
day [5]:

* B¢ do tim hay dinh vi guwong mat nguoi (Face Image Detector) c6 nhiém vu
xac dinh vi tri cua guong mat tir mot birc anh binh thudng.

*  Bo6 phdn nhan dang hay phan lop guong mat (Face Recognizer) dugc st
dung d¢é xac dinh ngudi c6 gwong mit twong tng 1a ai.

Ca hai bg phan trén stir dung cung mot mo hinh trong hoat dong : chiing déu c6 mot
chirc nang riit trich dac trung (feature extractor) nham bién ddi cac diém anh trong anh
sang dang biéu didn vector co ¥ nghia, va mot chiic ning nhdn dang mdu (pattern
recognizer) ¢6 nhiém vu tim kiém mét ca nhan c6 anh duogc luu trong co sé dit lidu
trung khép nhat véi anh mat dua vao.

Tuy nhién, hai bd phan trén khac nhau & chd : trong bo phan do tim guong mit,
chirc niang nhan dang mau sé phan 16p vector dic trung can nhan dang vao hai 16p : Ip
anh mat nguoi va [op khong phai anh mat nguoi. Trong khi d6, chitc ndng nhan dang
mau cua b phan nhan dang / phan 16p guong mit s& phan loai cac vector dic trung (da

dugc cho 1a anh mat nguot bdi bd phan do tim guwong mat) vao 16p cia cac ¢4 nhan xac
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dinh trong co s¢ dit li¢u (chéng han mat ctia anh A, anh B,...). M6 hinh tiéu biéu cua

mot h¢ nhan dang mat ngudi duogc thé hién trong Hinh 2-1 [5].

n Mév inh 55 dinh Goc / ti Vi tri
ay an 0 din A= A hai mat o
Ne &0 l.\ vi mat 1& mat AB(_) Phan¢ R}lt trich
s i — | nguoi lap d6i mat ddc trung
A :
A .
, Huan luyén| v Cap nhat
Huan luyén| v Cap nhat
CSDL mit v
CSDL mit ector
dac trung
N Quyét dinh B4 nhan dang /
[ Nhan dang / Loai bo J< phan 16p guong [
mat

Huén luyérI y Cap nhat

CSDL nguoi

Hinh 2- 1 : M6 hinh nhdn dang mat nguoi tiéu biéu

Trong btic anh ban dau cdthé c6 rat nhiéu thong tin hdn tap nén bo do tim thudng
chi cho ra vi tri tuong d6i ctia. gwong mat. Nham xac dinh chinh xé4c vi tri ctia gwong
mit cho qua trinh nhin dang, nhimg nguoi thiét ké hé théng nhan dang mit ngudi
thuong st dung vi triciia’doi mat nhu mot thong tin bo sung cho qua trinh dinh vi.
Chinh vi vy mé hinh dua ra trong Hinh 2-1 c6 bo sung thém mdt by phan goi 1a bo
phan lap-déi mat (Eye Localizer). Trong hé théng ndy, ca ba bo phan do tim guong
mat, phan 1ap doi mét va nhan dang mat déu dua theo md hinh “rat trich dic trung +
nhan-dang mau”.
2.3.2. Rt trich dic trung

Gia su ré“mg moi buc anh gwong mit duoc thé hién dudi dang mot ma tran sb hai
chiéu céac gia tri diém anh, hay mdi anh duoc viét dudi dang mot vector X = {x, € S}

v6i S 1a ludi vudng dai dién cho ludi anh. Doi khi nguoi ta thé hién X dudi dang
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vector mot chidu theo timg dong ctia buc anh : X =[x,x,..x,]" voi N la tong sd diém
anh. Nhu vay voi mdt anh kich thudc 320x240, kich thudc anh 1a N =76800. Mot
vector ¢6 sb chiéu 1on nhu vdy thuong khong hiéu qua trong tinh toan va han ché kha
nang nhan dang. Chinh vi viy nguoi ta di dua ra nhiéu phuong phap nham dua‘vector
X vé& mot vector déic trung f(X)=[£,(X)fo(X)... o, (X)]" trong d6 f,,i=1,2,..,M o
thé 1 cac ham tuyén tinh hodc phi tuyén. Trong da s trudng hop, nham lam ting hiéu
qua tinh toan, kich thudc vector dic trung M thuong nho hon rat nhiéu kich thudc cia
vector anh ban dau N .
2.3.3. Nhan dang miu

Do nhiéu bién di ton tai trong anh mit ngudi nhir gée nhin, do sang anh hay cam
xuc thé hién trén guong mat,... nén cac thanh phan trong vector dic trung trong phan
trén c6 kha ning tuin theo cac bién d6i ngiu nhién; va do dé cac vector nay co thé
dugc mo hinh hoa dudi dang cac vector ngau nhién. Néu ta cho rang xac suat mot
ngudi dua vao hé thong nhan dangthudc vé cic 16p nguoi trong co sé dit liéu 1a nhu
nhau (hay x4c suét tién nghiém< a priori probability — ctia nhitng ngudi trong co sé dit
liéu 12 bang nhau) thi theo 13- thuyét-quyét dinh Bayes, 16i nhan dang s& dat gia tri cuc
tiéu néu qué trinh nhan'dang dugc thuc hién dua trén ti€u chuan maximum — likelihood
(ML). Nghia 13, gia st rang ngudi duoc dua vao hé thdng cé vector dic trung 13
Y=f(X) va gia st cO K nguoi trong co s¢ dir li¢u thi nguoi nay duoc gan vao 16p

nguol k, .dugc'cho boi phuong trinh : &k, =argmin{log(p(Y | k))}, trong d6 p(Y'|k) 1a

1<k<K
phan bd xéac suat cua vector dic trung Y véi diéu kién 16p nguoi & .

Néu chung ta xem cac bién d6i trong vector dic trung clia guong mit duoc tao boi
ham nhiéu Gaussian véi gia tri trung binh zero, khi d6 tiéu chuin ML néi trén try thanh
phép d6i sanh khoang cach cyc tiéu thong thuong. Nghia 13, hé thong s& gan anh can
nhén dang vao 16p &, néu khoang cach Euclidean tir vector dic trung ciia 4nh nay gan

vector ddc trung trung binh ctia 10p ngudi k, nhét so véi cac 16p anh khac trong co so
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dir lidu. Tuy vay, cac bién d6i xay ra trong thé gidi thuc trén anh thuong phirc tap hon
rat nhiéu so véi phan bd Gaussian néi trén [5].
2.4. Mot s6 khé khiin trong nhian dang mit nguoi
Nhén dang mat nguoi 1a mot trong nhitng bai todn kho khan nhét trong linh vuc
nhan dang anh. Mot guong mat nguoi khong chi 1 dbi twong ba chiéu ma.con 13 mot
thuc thé mang tinh dong rit cao. Ngoai ra, do anh mit ngudi thuong duoe chup trong
diéu kién moi truong tu nhién nén thong thudng nén anh rat phic tap vado chiéu sang
c6 thé rat kém. Hinh 2-2 1a mot vi du vé mét birc anh voi nén phuc tap c6 chlra mat
nguoi.
Cac yéu td xuét hién trén anh tao nén kho khin cho hé théng nhan dang c6 thé dugc
phan thanh cac loai sau day [5] :
= May anh khong rd va nhiéu
= Nén phiic tap
= DJ sang
= Sy dich chuyén, xoay, bién doiti 1¢ giita cac thanh phan
= Cam xuc thé hién trén gwong mit

= Hoa4 trang, kiéu téc

Hinh 2- 2 : Anh vé6i nén phire tap véi

ba mat nguoi dwoc dinh vi.
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Sw khong ré ciia mdy danh va nhiéu 13 hai han ché rat co ban trong bai todn nhan
dang. Nhiéu nha nghién ctru di dua ra mot s6 phuwong phap nham gia ting ti 1¢ gitta d6
16n tin hiéu so v6i cudng do nhidu. Pé giai quyét van dé nén danh phire tap, cac bdo nhan
dang hay phan 16p phai nhan duoc két qua dang tin ciy tir bo do tim guong mit, vi thé
bd phan nay phai duoc thiét ké voi dd chinh xac cao. D¢ sang cling 1a mdt yéu td tac
dong dén két qua nhan dang, va dé 1am giam bot tac dong cia nd, ngudi ta thuong st
dung cac k¥ thuat ting cuong anh nhu threshold dong, can bﬁng histogram, hodc st
dung mot mang noron dé rat trich dic trung [5]. Mot tiép can khac dé giam anh hudng
ctiia d6 sang 1a sir dung cac mat riéng nhan duoc thong qua phép phan tich thanh phan
chinh. Chung ta s& tim hiéu phuong phap nay mot cach-chi tiét & phan sau.

Sw dich chuyén, xoay hay ti I¢ ctia anh mit ngudi ¢ling can phai duoc giai quyét
trong giai doan do tim guong mat. Trong s6 cdc yéu t6 nay, yéu té dich chuyén la dé
giai quyét nhat, ching han bang phuong phap khoanh ving cira s6 (windowing). Van
dé ti 16 s& duoc giai quyét néu chung ta-biéu-dién mdi anh duéi dang tip cac anh véi do
phan giai khac nhau. Cubi cung, thach thurc thuc sy nam & cac anh mat bi xoay theo ba
truc. Rowley (1998) da xay dung mot mang noron dat trudc giai doan do tim guong
mit nham x4c dinh géc quay-quanh truc Z cua anh, trong d6 Z 1a truc vudng goc véi
mit phang anh. Két xuat cua-mang duogc st dung dé xoay anh trd vé vi tri can bang [5].
Tuy nhién kho khan nhat van 1a khi anh bi xoay theo hai truc X va Y hodc theo ca hai
tryc nay. Anh mat trong truong hop nay thuong khong thich hop cho viéc nhan dang,
vi vy nguoi thiét ké hé thng thuong chi sir dung nhitng bo do tim guong mit nhin
thang. Hink 2-3 13 vi du vé két qua cia mot b do tim thang.

Anh guong mit v6i nhitng trang thdi cam xiic hay kiéu téc khac nhau ciing 13 hai
van d¢ quan trong. Néu dimg dudi goc d6 thuc thé tinh thi mot gwong mit dang mim
cudi va mot guong mit dang nhin nho 13 hai khuon dang anh hoan toan khac nhau. Dé
khic phuc tinh trang ndy ngudi ta dua ra thuat toan so khdp mém déo (elastic

matching) trong d6 st dung mdt mang noron c6 t6 chirc gidng nhu mot ludi hai chiéu
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dé mo hinh hoa bé mit ctia anh mit thong qua qua trinh huin luyén. Néu duoc huin
luyén thanh céng thi mang c6 kha ning nang cao chat luong trong qua trinh nhin dang
(Lades,1993) [5].

Mot phuong phap khac duge dua ra dé giai quyét van dé thay doi cam xtic trén

Hinh 2- 3 : Két qud ciia mot bé do tim thang
guong mat 1a thay vi st dung toan bd guong mat cho qua trinh nhan dang, ngudi ta chi
dung ving guong mit “dang ké nhat”. Ving ndy nam xung quanh tim guong mit va
chi chtra hai mat va 18 miii, loai bé di miéng va hai 10 tai. Cac két qua thyc nghiém cho
thdy, cam xuc va kiéu toc khong anh huéng nhidu dén ving mit nay, va do d6 ving
mat nay van co thé su dung dugc cho qua trinh nhan dang [5]. Hinh 2-4 1a vi du vé

vung “dang ké nhat” cua guong mat.

A

Hinh 2- 4 : Ving “ddng ké nhat” ciia gwong mdt
Cubi cung, viéc hod trang khong tac dong dang ké dén qua trinh do tim mat, trir
truong hop guong mit dugc hod trang qua muc nhu trong dién anh hay san khau. Hinh
2-5 1a két qua ctia mot bd do tim duoc 4p dung trén anh c¢6 guong mat dugc hoa trang.

Trong hinh nay, guwong mat ciia nguoi dong vai quy ditr da bi bé qua bdi bo do tim.
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Thong thuong co s¢ dit li¢u cua cac hé théng nhan dang mat nguoi khong luu trir anh
mit duoc hoa trang, vi vay tit nhién trong qué trinh nhan dang loai anh nay ciing s&

khong dugc str dung.

Hinh 2- 5 : Két qud do tim trén dnh cé gwong mdt diroc hod trang

2.5. Phwong phap nhian dang mit nguoi bang mit riéng

Theo m6 hinh da xét trong phﬁn 2.3, vo1 cung mot by do tim, két qua cua cac hé
théng nhan dang phu thudc vao qua trinh rat trich dic trung va phan 16p. Cho dén nay
van chua c6 mot nghién ctru nao tradoi chinh x4c cau hoi : dau la dic trung thyuc su dé
phan biét hai guong mat voi1 nhau?. Thuc chét cua van dé 1a di tim mot mé hinh mo ta
guong mit ctia con ngudi. Tuy vay, viéc mo hinh hod guong mit mot cach tong quat 1a
mot cong viée khong hé don gidn, do mit nguoi rat phirc tap vé chi tiét, da chiéu kém
theo cac yéu td vé tryc giac co ¥ nghia (nhu cam xuc,...) [1]. Do d6, trong phan nay
chung ta nghién ctru mot mo hinh cua mit ngudi khong phu thude vao théng tin vé
chiéu ciing nhu c4c dic diém hinh hoc chi tiét. Tir phuong phap ndy chung ta co thé
xdy dung mot moé hinh nhan dang mit nguoi nhanh, twong ddi don gian va chinh xéc
trong diéu kién méi truong twong ddi rang budc, nhu trong vin phong hay cin ho gia
dinh, Phuong phap nay dya trén mé hinh ciia Iy thuyét thong tin, phan chia gwong mit
nguoi thanh mdt tdp nho cac anh dic trung goi la cac mar riéng. Cac mat riéng nay
dugc xem nhu cac thanh phan chinh cua tdp cic anh gwong mat ban dau. Qua trinh
nhan dang dugc thyc hién bang cach chiéu guong mat méi 1én khong gian con duoc

dinh hudng boi cac mat riéng, sau dé so sanh nd véi vi tri cua cac anh trong tap ban
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dau trong khong gian mit riéng. Phuong phap nay t6 ra vuot tréi hon cac mé hinh nhan
dang miat ngudi khac ¢ tc do, tinh don gian, kha ning hoc va khong nhay cam véi
nhimg thay d6i twong dbi nho hay tir tir ctia guong mit.

2.5.1. Mo ta phuong phap

Hau hét cac hé théng nhan dang tu dong da néu déu khong xét dén mot cau hoi :
yéu td ndo trén anh mat 1a quan trong cho nhiém vu nhan dang. Lién quan dén van dé
nay, 1y thuyét thong tin dwa ra mot phuwong phap giup ma hod va giai ma cac anh mat,
cho chung ta tiép can nhiing thong tin bén trong ctia guong mit trong d6 nhan manh
cac dac trung cuc bd cling nhu toan cuc c6 y nghia. Cac dac trung ndy khong nhat thiét
ddng nht voi nhitng yéu té ma chung ta cho 1a dic trung cua guong mit nhu mat, mii,
moi va toc. Theo 1y thuyét ndy, ching ta can rat trich cac thong tin c6 lién quan trén
mot guong mat ngudi, ma hod no, va so sanh voi ting dir li€u cia cac anh trong tap luu
trit dwgc ma hoa mot cach twong ty. Mot phuong phép don gian dé rut trich cac thong
tin c6 trén mot anh mat 1a dinh lugng cac sai khac gitta cac anh trong tap dir li¢u va su
dung thong tin nay dé ma ho4 ciling nhwr so sanh cic guong mit voi nhau.

Theo thuat ngir toan hoc, chung ta xem mdi anh huén luyén nhu 1a mét diém trong
khong gian c6 s6 chiéu cwe 1én. Tap cic anh nay tao thanh mot phan bd tap trung trong
khong gian, va ta cAn tim cac-thanh phan chinh cua phan bd nay. Cac thanh phan chinh
nay chinh la cac vector ri€ng cua ma tran hi¢p phuong sai cua tap anh. Cac vector nay,
theo thir tu ting dan clia cac gia tri riéng twong Gmg, 1a co s¢ dé danh gia do sai khac
ngay cang ro nétgiita cac anh trong tap huan luyén.

Céc vector riéng ciia ma tran hiép phuong sai noi trén duoc sir dung dé dic trung
cho sy sai khac gifta cdc anh trong khong gian anh mit. Mdi anh mit s& dong gop
nhiéu hay it vao timg vector riéng nay, vi vy cic vector riéng ndy con duoc goi 1a cac
mat riéng.

MJi anh mit ngudi trong tap huan luyén c6 thé duoc xay dung lai tir t6 hop tuyén

tinh cua cac mat riéng. Tuy nhién do cac vector riéng xac dinh duong thang ma hinh
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chiéu cua tip anh huan luyén trén d6 thé hién sy sai khac v6i nhau theo mutc do ngay
cang giam dan — twong Umg vé6i su giam dan cta cac gia tri riéng — nén cac anh ciing co
thé dugc xap xi chi bang to hop tuyén tinh clia M cac vector riéng tot nhat - tirc cac
vector riéng twong tng véi cac tri riéng 16n nhat. Cac vector riéng con lai ¢6 thé duoc
b6 di ma khong lam anh hudng nhiéu dén chit luong nhan dang.

Y tudng st dung cac mit riéng duoc xuat phat tir mot ki thudt duoe phat trién boi
Sirovich va Kirby nham biéu dién cic anh guong mit thong qua phan tich cic thanh
phan chinh. Vi mot tap cic anh ban dau, ho di tim mot hé true'toa do méi dé nén cac
anh lai, trong d6 mdi truc thuc sy 1a mot anh duoc goi 13 dnh riéng (eigenpicture) . Ho
1ap luan réng, it nhat 1a vé nguyén tic, bat ky tap anh mat nao cling co thé dugc tai tao
lai mot cach gén ding b.':?mg cach luu trir mdt tap trong s6 cho tung danh mat va mot tap
cac anh mat riéng chuén. Cac trong s6 cua moi anh mit c¢6 duoc bﬁng cach chiéu anh
nay lén tirng anh mat riéng.

Nhu vy, chiing ta ¢6 thé sir dung-eac trong sb trén nhu 1a dic trung cia timg anh.
Qua trinh hoc s& twong (mg v4i qué trinh tinh toan cac trong s nay, con qué trinh nhan
dang mot anh mit ngudi méi 14 qua trinh gdm 2 budce : tim tap trong sb cho anh méi va
so sanh véi tip cac trongsd-dugc I trir. Phuong phap nhan dang mat ngudi bang mat
riéng duoc bat dau tir cac bude sau :

1. Thu thap tdpcac anh mat ban dau (ding dé huan luyén).

2. Tim ¢ée.mit riéng tir tap hudn luyén, gitt lai M mit riéng tuong tmg véi cac
gid tri riéng 16n nhat. M mat riéng nay xac dinh mot khong gian mat.

3. Tim tap cac trong sé dic trung cho timg anh huin luyén bang cach chiéu
ching 1én M mat riéng da chon.

Tiép theo 1a cac budc can thuc hién dé nhan dang m{t anh mat ngudi moi :

4. Tim tap cac trong s6 dic trung cho anh mat can nhan dang b.':?mg cach chiéu

anh nay Ién M madt riéng trong khong gian mat.
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5. Xac dinh xem anh nay c6 thuc su 1a mot anh mat ngudi hay khong bang cach
kiém tra xem no6 c6 du gan voi khong gian mit hay khong.
6. Néu anh nay 13 anh ctia mot mit ngudi, str dung cac thuat toan phan 16p dé
xé4c dinh nguoi duge luu trude ddy “gan” véi ngudi moi ndy nhat.
2.5.2. Vin dé tim cac mit riéng

Gia st cac anh mat dang xét 1a ma tran do sang 8 — bits NxN . Cac anh nay ciing co
thé duoc xem nhu mét vector N2chiéu, nhu vay mét anh dién hinh 256x256 s& tuong
mg v6i mdt vector 65536 chiéu, hay twong duong v6i mot diém trong khong gian
65536 chiéu. Theo do, mot tap anh huén luyén da dugc anh xa vao mdt tap diém trong
khong gian ¢6 s6 chiéu cuc 16n.

Do cac guong mit ¢ ciu trac chung twong twsnhu nhau nén khong phan bd mot
cach ngau nhién ma phan bd tap trung trong khéng gian nay, vi thé c6 thé biéu dién
chung trong khong gian con ¢6 sd chiéu nho hon. Y tudng chinh cua phan tich thanh
phan chinh 13 tim cic vector “thau tom” mot cach tot nhat phan bd cia cac anh mit
trong khong gian c6 s6 chiéu cue1én. Céc vector ndy cho ta mot khong gian con ma ta
s& goi 13 khong gian mdt o sd chiéu nhod hon rat nhiéu sb chiéu ciia khong gian ban
dau. Vi cac vector nay ld cae vector riéng ciia ma tran hiép phuong sai twong tng véi
tap anh mit ban dau; va ciing vi ching trong giéng nhu mit ngudi (tuy c¢6 phan khong
rd nét) nén nguodi ta goi ¢ac vector nay la cdc mat riéng.

Gia st tap anhthuan luyén 1a T,,T,,..,T,, . Anh mit trung binh cta tap nay cho bai
biéu thic :

1 1
Y= H;F" 2-1)

Vi du vé tap anh huan luyén va anh trung binh dugc cho trong hinh Hinh 2-6a va

Hinh 2-6b. D0 sai khac giita anh huan luyén I, so véi anh trung binh W13 @, =T, - .

Tap cac vector anh huan luyén c6 s6 chi€u rat 16n nay s€ la doi1 tugng cua phép phan

tich thanh phan chinh. Muc dich cta phép phan tich nay 1a tim M vector d6i mot truc
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giao v6i nhau va thé hién rd nét nhat phan b cua tap anh huan luyén. Vector thir &,

u, , dugc chon sao cho :

1 M
A =—) ' d)> 2-2
k M;( k l) ( )

18

fa) ()

Hinh 2- 6 : Tdp dnh hudn luyén va anh trung binh
dat gia tri cue dai, trong do u,1a vector don vi truc giao véi tat ca cac vector don vi
khéc, hay :
ulu, =0néul=k,vaulu =1. (2-3)
Vector u, va v huéng 2, 1an luot 1a cc vector riéng va tri riéng ctia ma tran hiép

phuong sai :
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M
c:iZcD,.cD{ =AA" (2-4)
M i=1

trong d6 : A=[®,D,..d,,]. Tuy nhién, ma tran C c6 kich thudc N’nén viéc xac dinh
cac gia tri riéng va vector riéng cta nd 1a khong thé thuc hién dugc vai kich thuée anh
tuong d6i. Vi viy chung ta cdn dua ra mot phuong phap tinh toan khac giai‘quyét vn
dé nay.

Néu s6 luong diém dir liéu trong khong gian anh nhé hon nhiéu s6 ¢hiéu cta khong
gian anh, tcc M < N? thi chi ¢c6 M —1 thay vi N’vector riéng'co y nghia, cac vector
riéng con lai tuong tmg véi cac gia tri riéng bang 0. Nhu vay dé im cac vector riéng
N?2chiéu, dau tién chiing ta c6 thé tim cac vector riéng cha:ma tran M >sau d6 thuc hién
mot phép bién d6i tuyén tinh thich hop dé nhan duoe két qua mong mudn ban dau.
Bién d6i nay c6 dugc tir phan tich sau day.

Gia str v, 1a vector riéng ciia ma trdn 4" 4, tlc la :

A" Av, =y, (2-5)
Nhan trai hai vé phuong trinh trén véi ma'tran 4 ta duoc :
AAT AV, = . Av, (2-6)
Phuong trinh nay ehing td Av, 1a vector riéng clia ma trdn C = 44" .Theo phan tich
trén, chung ta s€ xay dung ma tran
L=A4A"4 (2-7)
kich thuéc MxM , trong do cac phén tir cia L duoc xac dinh boi
L,, =00, (2-8)
va tim M vector riéng v, ciia nd. Cac vector riéng nay xac dinh to hop tuyén tinh cua

M &nh mat huan luyén dé nhan dugc céc vector riéng u, cia ma trdn C':

M
u, = Zvikq)kvi =12,..M (2_9)
k=1
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Ap dung phan tich trén, s6 luong phép tinh d3 giam di mot cach dang keé, tir bac
N?- sb pixel trén cic anh huan luyén xudéng con M - s6 luong anh trong tap huan
luyén. Trong thuc té, sb lugng anh huan luyén nho hon nhiéu so véi sb lugng pixel trén
mdi anh mat nén khoi lugng tinh toan nay hoan toan c6 thé thuc hién duoc. Cac gia tri
riéng twong Gmg v&i cac vector riéng cho phép ching ta sip xép cac vector riéng theo
thir ty hiru dung cua ching trong viéc dinh lugng do sai khac giira cac anh huin luyén.
Hinh 2-7 12 bay mit riéng tuong tmg véi bay gid tri riéng 10n nhat cla tap anh huin

luyén cho trong Hinh 2-6.

Hinh 2- 7 2 Cdc mdt riéng twong ieng véi bay gid tri riéng Ion nhdt

2.5.3. Sir dung mit riéng dé nhan dang

Céac mit riénghay cac vector riéng clia ma tran L ndi trén tao thanh co s¢ dé mo ta
cac anh/mat : mdi anh mit s& 1 t6 hop tuyén tinh cta cac mit riéng. Tuy nhién, cac
vector nay.theo thir ty phan bd giam dan cua cac gia tri riéng ciia ching s& ¢o vai tro
turong tmg giam dan trong viéc mo ta cac anh. Do d6, trong bai toan nhan dang mit
nguoi, do ta khong quan tdm dén nhiém vu khoi phuc anh nén ching ta c6 thé bé qua
c4c vector riéng Ung voi cac gia tri riéng nho. Va thuc té cho thiy chi mot sb vector

riéng Gmg véi cac gia tri riéng 16n 12 du dé cho két qua nhan dang chip nhan dugc.
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Mot anh mit méi T s& duoc chiéu 1én khong gian mit M' chiéu, trong d6 M' 13 sd
vector riéng tng voi cac gia tri riéng 16n nhat duoc giir lai (M'< M). Két qua 1 ching

ta s€ c6 mot vector

(X =lo,®,,..,0,] (2-10)
v6i thanh phan o, duge tinh nhu sau :
o =u (C-¥),i=12,.,M (2-11)

Vector Q s€ duogc sir dung nhu 1a vector dic trung ctia mat T'va st dung két hop
v6i cac phuong phap nhin dang dé tim 16p mat phi hop nhdtvéind. Phuong phap don
gian nhit 13 tim 16p mat thr & sao cho khoang cach Euclide

e =@, 2-12)
dat gia tri nho nhat, trong d6 Q, 1 vector mé ta hay dai dién cho 16p mat k. Trong
truong hop dir liéu huan luyén tng voi 16p mat & c6 nhidu anh thi Q, c6 thé cho la
vector trung binh cua cac vector dic trung cho cac anh cua 16p &, hay cu thé 1a anh cua
cung mot ngudi ma ta danh s6 thir tu 1a 4 . Mot anh duge phan vao 16p & néu gia tri
nho nhét £,nho hon mot gia tri nguong 6, , nguoc lai anh nay duogc cho 1a khong biét,
va c6 thé dugc dua vao,mot 16p mat mai.

Mot van dé nita dit ra 14 : do cac vector dic trung cua anh nhan dugc béng cach
chiéu anh 1én khong gian mit nén voi mot anh bat ky cing kich thude (hodc duoc xir 1y
cho cung kich thude dé phép chiéu co nghia) véi anh trong tap hudn luyén thi déu co
thé tao ra dugc vector dic trung, va nhu vay cé thé dugc phan vao mot 16p mat nao do,
tham chi trong truong hop anh ndy khong phai 14 anh mit nguoi. Van dé nay duoc giai
quyét ciing bang cach dua ra gia tri ngudng 6. Xét anh bdt ky = cung kich thude véi
anh trong tap huan luyén, sai khac v6i anh trung binh mét lugng

Mm=x-v (2-13)

Vector hinh chiéu cia T 1én khong gian mit cho bai
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,=> ou, (2-14)

trong d6 ®,1a thanh phan v6 huéng thir i cua vector IT. Luc ndy ta ndi rang anh ¥ gan
v6i khong gian mat néu khoang cach tir £ dén khong gian miat khong vuot qua ngudng
0, tacla :
2 2
g =|n-m,| <o (2-15)

trong truong hop nguoc lai ta ndi rang T ¢ xa khong gian mit.
Nhu vy v6i mot anh kiém tra bat ky, xét khoang cach tir n6 dén khéng gian mit va
dén cac 16p mit trong tap hudn luyén ta c6 bén trudng hop sau day :
1. Anh & gan khong gian mit va gan mot 16p anh,
2. Anh ¢ gan khong gian mit va & xa tit ¢4 cde 10p anh.
3. Anh ¢ xa khong gian mit va & gan mot 16p. anh.
4. Anh ¢ xa khong gian mat va ¢ xa tat'ca cac 16p anh.

Trong truong hop thi nhét, anh-kiém tra duoc nhan dang va chi dinh vao mot cho
trudc. Trudng hop thir hai, anh kiém tra dugc nhan dang 1a anh mit nguoi nhung
khong duoc chi dinh vao 16p.nao trong tap hudn luyén, tic 13 c6 thé dua vao 16p mat
nguoi khéng biét. Hai truong hop cudi chimg té anh kiém tra khong phai 1a anh mat
nguoi.

2.5.4. Tém tat phwong phap nhin dang bang miit riéng

Chung.ta tom tat phuong phap nhan dang mit nguoi bang mat riéng, trong dé sur
dung thuét todn ngudi lang giéng gin nhat lam thuét todn phan 16p. Cac bude can tién
hanh nhu sau :

1. Chuan bi tdp cic anh mat ciia mot sé nguoi da biét. Mdi ngudi c6 thé co
nhiéu anh v&i mot s6 biéu hién cam xuc, trong diéu kién chiéu sang,...khac

nhau. Vi dy : ¢6 10 ngudi, mdi nguoi gdm 4 anh, ta cd M =40 anh.
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2. Tinh ma tran L theo (2-7), tim cac vector rié€ng, tri riéng cia nd va chon
M’ vector riéng twong ng véi cac tri riéng 16n nhat. Tinh M’ vector riéng
cua ma tran C theo cong thirc (2-9).

3. V&i mdi 16p ngudi thir & trong tip anh huan luyén, tinh vector miu trung
binh tir cac vector dic trung ciia 16p ngudi nay. Chon tham s6 6, choe cac 16p
ngudi thtr & va tham sd nguong 6 cho khodng cach tor mot anh mat toi
khong gian mat.

4. V&i mdi anh méi can nhan dang, tinh vector dic trung Q va khoang céach ¢,
ciia vector dic trung nay dén cac 16p huin luyén va khoang cach ¢ t6i
khong gian mat. Néu khoang cach nhé nhat e, thod : &, <6,, dong thoi
£ <6 thi anh méi nay dugc phan vao 16p k. Néu &, >0, va &<6 thi anh
méi ndy xem nhu khdng biét, va co thé dugc dua vao mot 16p huan luyén
moi.

5. Néu anh méi dugc phan'vao mot 16p da biét thi né c6 thé duogc su dung dé
tinh toan lai cac mat riéng. Phuong phap nay 1am cho hé théng ngay cang
hoan thién hon.

2.6. Ung dung cac thuit toan hrong hoa vector trong qua trinh

phan lop
2.6.1. Giéi thitu

Trong bai toan nhan dang mat nguodi, sau khi da rat trich dic trung cia tung anh
mit clia mdi ngudi, ching ta can phai chon mot thuat toan dé phan 16p cac anh mit
méi vao mot trong cac 16p anh huan luyén. Mot tiép can don gian duoc néu ra trong
chuong trudc 13 thuat toan ngudi lang giéng gan nhat : ta s& tim vector dic trung v cho
anh mat nguoi can phan 16p, sau d6 tinh khoang cach tir v dén cac vector dic trung cila

tig anh mat nguoi, hodc dén vector dic trung trung binh cho timg 16p ngudi trong tap
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huén luyén. Lép c6 vector dic trung (trung binh) gan v nhét s& duoc gan cho anh can
nhan dang.
Tuy nhién, phuong phap trén c6 hai nhugc diém sau déy :

o Tong sb lugng vector cia tdp hudn luyén c6 thé rat 16n, khi d6 dé phan 16p
mot vector v moi ta c¢6 thé phai duyét hét tat ca cac vector ndy détim vector
gan v nhit.

o Khong tin dung mot dic diém 1a cac vector thudc cing mét 1ép thudng cd
xu hudng tap trung quanh mot hodc nhiéu vi tri ma ta c¢6 thé xem nhu trong

tam cua 16p. Do d6 mot vector u thudc 16p I, nam lae long - tic khong

nam tap trung quanh mot trong tim cua 16p; hodc do tap huan luyén chua du
16n dé ta co thé nhdn thirc dugc tim cia 16p 3, twong ing voi u - co thé
lam cho két qua phan 16p vector v khong chinh xéc.
bé khic phuc cac nhugc diém trén, nguodita su dung thudt toan lwong hoa vector
(Learning Vector Quantization - LVQ) dé tim kiém cac vector thé hién cac trong tim
cua cluster hay 16p dir liéu. Mdi cluster dit liéu trong bai toan nhan dang mit ngudi la
tap cac diém tuong Gmg vdi‘vector dic trung ctia anh thudc cing mot ngudi trong tap
huén luyén. Cac vector trong tdm nay dugc goi 13 cac vector tham chiéu (codebook
vector). Sau khi da fim dugc cac vector tham chiéu ciia mdi 16p, chung ta s& sir dung
thuat todn nguoi lang giéng gan nhit dé phan loai cac anh méi dwa vao hé thong.
2.6.2. Mot so thuat toan lwong hoa vector
Trong phan nay ching ta nghién ctru hai thuat toan lugng hod vector : thudt todn
LVOI va cai tién cta no, thudt toan LVQI véi toc dé hoc téi wu (Optimized — learning
—rate LVQI, hay OLVQI).
2.6.2.1. Thuat toan LVQ1
Gia str trong khong gian cac vector ddc trung ban dau ching ta dat mot sé vector

tham chiéu m,, mo1 vector nay dugc “gan” vao mot 16p trong tap huan luyén. Co thé co
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nhiéu vector tham chiéu cung thudc vao mot 16p. Cac vector tham chiéu nay s& duoc
diéu chinh dan trong qud trinh hoc dé co thé hoi tu vé cac diém ma ta c6 thé xem nhu
trong tam cua cluster tuong ung.

bat

¢ =argmin, {||x —-m, ||} (2-16)
1a chi sd vector tham chiéu gan véi vector dit liéu x nhat. Hién nhiénchtng ta’'mudn
rang tat ca cac vector m_ néi trén sé thudc vao cing mot 16p véivector x twong tng
ctia nd. Qua trinh hoc sau day s& lam cuc tiéu mot cach twong dbi sai s nay.

Goi x(7) 1a vector dit liéu va m,(r) 1a vector tham chiéu m, tai thoi diém hoc 7. Vi
cac gia tr1 dugc khdi tao thich hop, qua trinh cap nhat cac vector tham chiéu duoc thé
hién nhu sau :

m (t+1) =m (1) + a@)[x(t) —m ()] (2-17)
néuwx va m, thudc vao cling mot 16p.
m,(t+1) =m (£) =e()[x(1) —m (1)] (2-18)
néu x va m, thudc vao hai 16p khac nhau.
m,(t+1)y=m (1) vO 1 moi i # ¢ (2-19)
trong d6 a(r) € (0,1) 13 téc d6 hoc. Gia tri nay c6 thé 1a hing sé hoic giam tuyén tinh

theo thoi gian, chang han nhu :
t
H)=0.11-— 2-20
a(r) = 0.1( N) ( )

v6iNV. 14 s6.chu ky ctia qua trinh hoc.

Theo thuat toan trén, tai mdi thdi diém hoc ¢, ta xét mdi vector dit lidu x va tim
vector tham chiéu m_ twong tmg véi x. Néu hai vector nay thudc cing mot 16p thi
vector tham chiéu s& dugc di chuyén vao gan vector dit liéu hon nita, nguoc lai n6 sé bi
“day” ra xa vector dit liu hon. Hinh 2-8 va Hinh 2-9 du6i diy minh hoa cho hai

trudng hop nay.
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a(t)(x —m, (1))

m,(t)

Hinh 2- 8 : Vector tham chiéu duwoc di chuyén gc”in voi vector dir lieu-hon — truong hop

hai vector nay cung lop

m,(t)

> g a)(x—m (1)

m,(t+1)

Hinh 2- 9 : Vector tham chiéu dwgc-day ra xa vector dit liéu hon - trieong hop hai
vector nay khac lop
2.6.2.2. Thuat toan OLVQ1
Thuét toan nay cling dua trén ¥ tuong ciia LVQI1, chi khac 1a mdi vector tham chiéu
s& c6 mot gia tri tbe.do hoc riéng. Nhu vdy, qua trinh hoc dugc thé hién boi cac biéu
thtrc sau :
m,(t+1) =m (1) +a, O)[x(1) - m, ()] (2-21)
néu x va m, thudc vao cung mot 16p.
m e+ =m () -a OO -m O] (2-22)
néu x va m, thudc vao hai 16p khic nhau.
m,(t+1)=m, () vO 1 moi i # ¢ (2-23)
Phuong trinh (2-21) va (2—22) c6 thé duoc viét lai nhu sau
m (t+1) =[1-s(a O)]m () +s@Oa (Ox(1) (2-24)
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trong do s(¢) =1 néu m,(t) va x cung lép, ngugc lai s(r) =—1.

Vi (2-24) dung voi moi thoi diém hudn luyén ¢ nén ta ¢ thé khai trién vé phai cta
no thém mot cép nita, khi d6 vector tham chiéu tai thoi diém 7+1 s& phu thudc vao
a,(t) phan vector dir liéu tai thoi diém ¢ va [l —s()a.(D]a, (t-1) phan vector dir liéu
tai thoi diém ¢—1. O day, néu ta cho riang cac vector di liéu dong gbp mot-lueng nhu

nhau vao qua trinh di€u chinh vector tham chiéu tai moi thoi di€ém thi ta s€ co bicu thirc

a.(t) =[1-s(a, O], (t-1),t =1,2,...N (2-25)
Biéu thirc trén cho ta phuong phap cap nhat téc do hoc twong tng voi vector tham
chiéu m,_ :

a.(t-1)

20 = a1

(2-26)

R rang 13 v6i phuong phap cap nhat trén thi gia tri ca tham s6 hoc «, s& giam
nhanh véi s(t) =1, tic 1a khi vector tham chiéu m, da roi ding vao vung cluster cia
n6. Tuy vay, do gia tri o, cling ¢ thé ting 1én, khi s(r) = -1, nén chung ta phai chin
gia tri hoc nay tai mgt ngudng nao do, Chéng han nhu gié tri nguong bﬁng 1, hoac ta co
thé khoi tao gid tri hoc cao mdt chat, vi du bﬁng 0.3, va sau do khéng ché tdc dd hoc
khong dugc vuot qua gia tri nay.

Nhu vay, véi mot chit gia thiét tu dua ra cho qua trinh cap nhat tbc d6 hoc, ching
ta dd tim dugc mot phuong phap gitp cho thuat toan hoi tu rat nhanh. Thuc nghiém
chimg t6 téng, thuét toan thuong hdi tu sau khoang thoi gian N ~ k[M|, v6i k nhén gia
tri . 30~ 50 va M| 1a tong s vector tham chiéu duoc st dung cho tat ca cac 16p dit
liéu.

2.6.3. Van dé khéi tao vector tham chiéu
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Trong céc thuat toan hoc LVQ, van dé khéi tao cac vector tham chiéu cé vai tro rat
quan trong. Hinh 2-9 duéi day 1a mét vi du.

Trong vi du nay ta cé hai vector dir li¢u : vector OA thudc l6p 1 va vector OB
thudc 16p 2. Goi OC 1a vector tham chiéu thude 16p 1 va duoc khoi tao gﬁn OB hon

04 nhu hinh v&. Sau bugce cap nhat dau tién, vector OC tré thanh vector O—C{ .

0]

Hinh 2- 10 : Vector tham_chiéu OC khéi tao khéng tot nén sau khi cdp nhdt thanh
TQ thi cang xa vector dit liéu OA hon.

Ta nhan théy réing, vector O—C’; lai cang xa vector 04 hon nita, va thuc su 1a néu
tiép tuc cap nhat thivector tham chiéu nay s& di ra xa téi vo cung.

Vi du trén cho thiy tdm quan trong cta van dé khdi tao cac vector tham chiéu.
Trong chwong trinh cai dit cho ludn van nay, chung ta s€ khoi tao cac vector tham
chiéu nhu sau :

o Str dung thuat todn ngudi lang giéng gan nhat dé tu phan 16p cac vector dit
liéu.
o V&imdi 16p k, néu cac vector dir liéu thude 16p ndy va, qua qué trinh phan

16p trén, lai dugc phan 16p chinh xac vao 16p £ cua chiing thi ta s€ khoi tao

68




Chuong 2 — Bai toan Nhan dang mat nguoi

cac vector tham chiéu cua 16p & trung véi cac vector dir licu nay. Bang cach
nay, qua lugt dau tién cap nhat tat ca cac vector tham chiéu, ching ta luén
dam bao ring cac vector tham chiéu s& duoc di chuyén gan vé mot vector dir
li¢u thude cung 16p véi nd.

Két qua kiém nghiém cho thay sau mot thoi gian huin luyén, cac vector tham chiéu

ludn hoi tu hay chi dao dong xung quanh mot vi tri dugc coi 1a trong tdm‘cta 16p.
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Chuong 3
Ung Dung Tap Thé Vao

Bai Toan Nhadn Dang Mat Nguoi

3.1. Gi6i thiéu

Nhu ching ta da biét, rut trich dic trung 1a mot giai doan quan trong trong toan bo
quy trinh hoat dong cua mdt hé théng nhan dang. Cac déc trung cua mdi mau sau khi
rat trich tir tap dit liéu ban du s& duoc thé hién dudi dang cdc vector nhiéu chiéu. Tap
cac vector ndy s& dugc st dung cho qué trinhhuén luyén hay phéan 16p cia b nhan
dang. C6 hai van dé chung ta can quan tam :

= Kich thudc vector dic trung anh hudng truc tiép dén tbc do huan luyén va
phan 16p. Nhitng truonghop st dung mang noron lan truyén nguoc dé huan
luyén cac mau hoc/véi thoi gian thuc hién hang gid, tham chi nhiu ngay
khong phai 1a hiém.

= Trong cac thanh phan cua vector dic trung, khong phai tit ca cac thanh phan
déu c6 ich ¢ho qua trinh phéan 16p. Pidu d6 c6 nghia 1a co kha ning chung ta
giam duoc kich thudc cua vector dac trung trude khi dua vao st dung cho
qua trinh huin luyén hay phan 16p.

Tir hai van dé dat ra o trén, nguoi ta d3 quan tdm dén viéc lva chon va rat gon
vector ddc trung cho bai todn nhan dang n6éi chung va nhan dang mat ngudi noi riéng.
Trong chuong ndy chung ta s& nghién ciru mot sé phuong phap cling nhu dua ra mo
hinh thir nghiém cho van dé tmg dung 1y thuyét tap tho vao giai doan lya chon va rit
gon déc trung cho bai todn nhan dang mat nguoi.

3.2. Ung dung tip thd trong lwa chon dic trung [1]
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3.2.1. Phwong phap chung

Gid st 4 = (U,CuD) la bang quyét dinh tao bdi céc vector dac trung cua tap dir
liéu mau. Cac thudc tinh trong C tuong tmg 13 cic thanh phan dic trung ctia mdi
vector mau, tdp thudc tinh D cd duy nhat mot phan tir 1a thudc tinh thé hién 16p cua
cac vector mau.

Kha ning phén loai cua tap thudc tinh quyét dinh C ddi voéi tap cac 16p ddi tuong
duge thé hién boi tap doi tugng POS.(D). Nhiém vu chinh cua cac phuong phap luya
chon déc trung 1a tim mot tdp thudc tinh rat gon R < C bdo toan kha nang phan loai
nay. Trong phan 1y thuyét tap tho, chung ta biét ring trong mot hé thong tin c6 thé ton
tai mot $6 thudc tinh C-khong thé b duoc ma viéc loai bé chung s€ ngay 1ap tirc 1am
giam kha nang phan loai cua tap thudc tinh C ban dau, tdp thudc tinh do chinh 1a 161
CORE,(C). Do d6, tap thudc tinh 15i phai ton tai trong moi rit gon ciing nhu rat gon
hoan toan ctua hé thong tin.

Nhu viy, bai toan lya chon tap-thudc tinh dua trén ly thuyét tap tho tr¢ thanh bai
toan lua chon cac thudc tinh C<c6 thé bd duogc dé bod sung vao tdp CORE ,(C) cho dén
khi tap thudc tinh nhan dugc R trd thanh rat gon cua tap thudc tinh C ban dau, tac 1a

diéu kién sau phai dugc'thoa méan : POS, (D) = POS,.(D).
3.2.2. Két hop heuristic va Iy thuyét tap tho
3.2.2.1. Mo ta heuristic

Trong phﬁn nay chung ta s€ dua ra mot heuristic cho viéc lya chon dan cac thudc
tinh € -¢6 thé bo duoc cho dén khi nhan duge tap rat gon R. Tiéu chuan lya chon céc
thudc tinh nay la mot bién thé cua tiéu chuan da duoc su dung trong hé théng kham
pha luat GDT — RS . Trong hé thdng ndy, cac thudc tinh duoc chon dé phat sinh ra cac

luat tuan theo chién lugc duoc néu sau day :
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1. Pé nhan dugc tap thudc tinh nho nhét c6 thé, ching ta uu tién chon thudc
tinh @, ma viéc thém nd vao tap rat gon R hi¢n c6 s€ lam cho ) luong doi
tugng bén virng ting 1én nhanh nhét, tirc 13 :

a, = argmax POS, (D)

aeC\R
2. Khi thém thudc tinh ¢, vao R, tip cic phan hoach cac ddi tuong bén ving
theo tép thudc tinh duge chon, tirc tap hop POS,,, ,(D)| IND(R U{a,} v D),
s& thay d6i, tir d6 lam thay ddi tip cac luat phat sinh. Trong cac 16p tuong
duong thudc tap phan hoach méi, gia st M 1 16p conhidu phan tir nhét va
r 13 luat duoc phat sinh tuong tng véi tip cac d6i twrong M . Ta nhan xét
rang, kich thudc cta tip M cang 16n bao nhiéu thi tinh bao phu cua luét r
cang 16n bay nhiéu, cy thé hon 1a sélugng ddi twong thoa méin r cang 1on.
Nhu vay ta ¢ thé 1y kich thudce cuia M nhu 1a tiéu chuan tht hai trong lua
chon thudc tinh.
Tém lgi : Ta st dung hai chi sésau
= S6 luong dbi twongbén vimng :
v, = card(POS, . (D))
= Kich thude 16p tuong duong 16n nhat :
m, = max_size(POS (D) | IND(R U {a} L D))

trong d6 @ 1a thugc tinh chua dugc chon: a e C\R.
Hai/chi s trén c6 xu hudng canh tranh voi nhau, do d6 ta sir dung tich cua chung
lam tiéu chuén cudi cung dé chon thudc tinh.
3.2.2.2. Thuit toan
Trong phan nay ching ta trinh bay thuat toan Iya chon thudc tinh dwa vao tiéu
chuan danh gia duoc néu ¢ phan trén. Ching ta sir dung tap thudc tinh 16i nhu 13 tap
Xuat phat, ké dén ta chon dan cac thudc tinh con lai cho dén khi nhan dugc mét rat gon.

Chién luge tim kiém sir dung trong thuat toan nay la tim kiém tham lam, diéu nay
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khong dam bdo tim dugc tap rat gon hoan toan, nhung cho phép thuat toan hoat dong
hiéu qua trén tap dit liéu 16n véi nhiéu thude tinh.
Vao :
= Hé quyétdinh A= (U,CuUD).
=  Ngudng threshold .
Ra:
= Téap thudc tinh rat gon R.
Céu truc dir lidu :
= P :Tap céc thudc tinh chua duogc chon.
"k :Tilé ddi tuong bén virng tai budc hién tai.
Thuit toan :
Bude 1 : Khéitao: R =CORE,(C), P=C\CORE,(C), k=0.

Buéc 2 : Loai bo cac ddi tuong bén viing : &/ =U \ POS, (D)

Buéc3: Dit k= card(POS (D)) :
card(U)
Néu k > threshold hoac POS, (D)= POS,(D)
Thi : Dung.
Budéc4: V6imoi ae P

v, =card(POS, ., (D))

m, = max_size(POS, ., (D) | IND(R U {a} L D))
Hét v6i moi

Budc 5 : Dat a, = argmax(v,xm,)
aeP

Buéc6: R=RuU{a,}, P=P\{a,}
Buoc 7 © Thuce hién budc 2.

3.2.2.3. Vi du minh hoa
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Trong phan nay chung ta s& minh hoa thuat toan trén bang mot vi du cu thé. Bang
quyét dinh dugc cho trong Bang 3-1, trong d6 U ={x,,x,,...,x,}, C={a,b,c,d} va

D ={E}. Gia st gia tri ngudng threshold dugc chonla 1.0.

a b c d E
X, 1 0 2 | |
X, 1 0 2 0 1
X, 1 2 0 0 2
X, 1 2 2 | 0
X5 2 1 0 0 2
X 2 1 1 0 2
X, 2 1 2 | 1

Bang 3- 1 : Bdng quyét dinh cho vi du minh hoa
Ma tran phan biét tuong ddi‘cia hé thong tin trén dugc thé hién trong Hinh 3-1.
Tur ma tran nay ta nhan dugc tap 161 CORE ,,(C) = {b}.
Tur cac 16p tuong duong-:
U | IND({b}) = {4x,, X, §,{Xs5, X6, X7 1, {X5, X, } §

U[IND(RE}) = {1x, 542, X, X7} (X5, X5, X } }

X, X, X, X, Xs X X,
x U U {b,c,d} b} ta,b,c,d} | {a,b,c,d; U

X, i {b,c} ib,d} {a,b,c; la,b, ¢} )

X U lc,d} U U la,b,c,d}
X, {} {a,b,c,d} | {a,b,c,d} {a,b}
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X; {} {} {c.d}
X {} {c,d}
X7 {}

Hinh 3- 1 : Ma trdn phdn biét twong doi ciia hé théng tin trong Bang 3-1
ta nhan dugc b -vung duong cua £ : POS,,({E}) = {x,,x,}. Nhu vay ¢ trang thai khoi
dau, ta c6 : R={b}, P={a,c,d} va tip cic trang thai khéng bén viing

U = {x,,x,,X;,X,,x,}. Trang thai ban dau nay dugc cho trong Bdng 3-2.

b E
X, 2 2
X, 2 0
X5 1 2
X 1 2
X, 1 1

Bang 3-2 : Trang thdi ban dau
Vi ti 18 d6i twong bén vimg'1a k =2/7 < threshold =1 nén R chua phai 13 rat gon.
Chung ta phai tiép tuc viéc, Iva chon thudc tinh dé dua vao R. Cac thudc tinh ung vién
con lai ctia chung ta 13 @, ¢ va d . Bang3-3, 3-4 va 3-5 duéi day lan luot 13 két qua cia

viéc chon cac thudc tinh a, ¢ va d.

a b E
X, 1 2 2
X, 1 2 0
X5 2 1 2
X 2 1 2
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X, 2 1 1

Bang 3- 3 : Trang thdi tiép theo khi thém a

b c E
X, 2 0 2
X, 2 2 0
X 1 0 2
X, 1 1 2
X, 1 2 1

Bang 3- 4 : Trang thdi tiép theo khi thém ¢

b d E
X, 2 0 2
Xy 2 1 0
X5 1 0 2
X 1 0 2
X, 1 1 1

Bang 3- 5 : Trang thdi tiép theo khi thém d
Tu ba bang trén ta nhan dugc cac tap hop sau day :
U[IND({E}) = {{x3, X5, X¢ §, x4}, (X}
U | IND({a,b}) = {{x;,x,},{x5, X5, %, }}
U [IND({b,c}) = {{x3 1, {42 {Xs5 }5 %6 1> 1% 1}
U[IND({b,d}) = {{x;5,{x, 5 {x5, X6}, 4%, 1}
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POS,,,,(E) =2
POS{b,C} (E)= POS{b,d}(E) = {X;,X,,X5,X¢, X, }
max_size(POS,, , (E)| IND({b,¢, E})) =1
max_ size(POS,, ,,(E) | IND({D,d, E})) = card({x5,x4}) =2
Ta nhan thay rang thudc tinh @ khong lam giam sb luong thudc tinh khong bén
virng, trong khi d6 viéc chon ¢ hoac d déu 1am cho tat ca cac thude tinh con lai trd
nén bén virng. Theo thuat toan ctua ching ta, thudc tinh d s€ dugc chon trudce tién.
Sau khi d3 dwa d vao tdp R, tit ca cac dbi tuong déu bén viing, & = threshold nén
thuét toan két thuc. Vay tap rat gon nhan duoc 1a {b,d}. O
3.3. Mo hinh thir nghiém
Phan nay trinh bay v& mé hinh duoc sir dung dé thir nghiém tac dung cua tap thd
trong lua chon dic trung cho bai todn nhan dang mit ngudi. So véi mé hinh tong quat
cua mdt h¢ nhan dang mat nguoi1 hoan chinh néu ra trong chuong II, & day ching ta chi
cai dat chirc ning ctia mot bd nhan dang véi hai giai doan huan luyén va kiém tra.
3.3.1. Tap dir liéu
Trong toan by qua trinh thir nghiém, chung ta st dung tap dir liéu mat ngudi ORL
dugc  cung cép mién  phi trén mang  Internet tai dia  chi

http://www.uk.research.att.com/facedatabase.html. Tap dit liéu ndy co tat ca 40 ngudi,

mdi nguoi c6 10 anh kich thudc (ngang,doc) =(92,112) véi nhiéu trang thai cam xc,
mang kinh / khong mang kinh,...Nén anh 1a mau den dong nhat. St dung tap dir liéu
nay 1a phtt Hop v6i muc tiéu dé ra : kiém nghiém tac dung cua tap thd vao qué trinh lya
chon dic trung. Pé 1am cho tap dit liéu phong pht hon, cac anh mit s& duoc bién doi
béi cac thao tac thém nhiu, co din, 1am md,... Tap dir liéu dung huin luyén s& c6 24

anh / nguoi, kiém tra ¢6 20 anh / ngudi.
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. \
ORL ,
Tap anh kiém tra

Hinh 3- 2 : Phdn chia tap dir liéu hudn luyén va kiém tra

/ a Tap anh huin luyén

s1_1
s5 1
=9 1

Hinh 3- 3 : Anh ciia 10 nguoi dau tién trong tdp dir liéu ORL
3.3.2. Mo hinh 1
Pay 14 mo hinh dung kiém tra kha ning cta bo rat trich dic trung bang phuong
phap phén tich thanh phan chinh PCA va kha nang phén loai bang thuét toan lugng hoa
vector LV Q.

78




Chuong 3 — Ung dung Tép thé vao bai toan nhin dang mit nguwoi

= Giai doan huan luyén : Tap anh huan luyén duoc dua vao bd phan phén tich
thanh phan chinh, két qua tao ra 1a tip cac vector dic trung. Tap vector dic
trung nay lam dau vao cho thuat toan LVQ dé tao ra tap vector tham chiéu.

Tap vector tham chiéu duoc luu trit lai cho qua trinh phan 16p.
= Giai doan phan 16p : Rut trich ddc trung cua tdp anh kiém tra bang b6 phan
tich PCA. Tap vector dic trung ndy cung tip vector tham chiéu dugc dua
vao bd phan 16p bang thuat toan nguoi lang giéng gan nhéat dé thuc hién

phan loai.

Hai giai doan huin luyén va phan 16p 1an luot dugc thé hién trong Hinh 3-4 va Hinh
3-5. Luu y rang trong cac mo hinh nay, tham sé M 14 §6 thanh phan tot nhét, tuong
{ing vai cac tri riéng 16n nhat, trong phan tich thanh phan chinh. Gia tri tham sé nay do

nguoi dung cung cap.

Tap vector
dac trung
Tap anh v
huan luyén P ( )
: Tham so LVQ
M’ |
A 4

Tap vector
tham chiéu

Hinh 3- 4 : Giai doan hudn luyén tao tdp vector tham chiéu
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Tham sb
M’
—Y .| Téap vector
PCA 7| dac trung

|
Tap anh
kiém tra v

N B9 phan lép

Tap vector ngudi ling

tham chiéu

giéng gin nhat

Hinh 3- 5 : Giai doan phan [6p tdp dnh kiém tra
3.3.3. Mo hinh 2
M® hinh nay 12 m& rong ctia mo hinh 1 bang cach sir dung 1y thuyét tap tho dé tim
rt gon cho tip cac thudc tinh dic trung it ra trong giai doan hudn luyén. Luu ¥ rang
do céac khai niém lién quan dén tap tho chi lam viéc trén thudc tinh rdi rac nén ta can st
dung thém budc roi rac hod tap thudce tinh trude khi lam dau vao cho céac thuét toan tap

tho.

80




Chuong 3 — Ung dung Tép thé vao bai toan nhin dang mit nguwoi

* Giai doan huan luyén :

O

Rt trich dic trung cho tdp anh huin luyén bang phwong phép phén tich
thanh phan chinh nhu mé hinh 1, két qua nhan duoc 1a tip cic vector
dac trung co gia tri thyc. Goi tp cac thude tinh ctia cac vector.nay la
C,|Cl=M".

Ap dung thuat toan roi rac hoa cho tap cac vector dac trung nay, két
qua nhan duoc 1a tap cac vector dac trung nhan gia tri roi rac gém C
thanh phan. Ta sir dung thudt toan roi rac : chia mién gia trj cuia mdi
thudc tinh thanh 4 khoang bﬁng nhau, néu gia tri thyc tai mot thudc
tinh thudc vao khoang thir ¢ € {0,1,..., k—1} thi gia tri ro1 rac tuong Ung
la ¢. Cling nhu M, gia tri cua khodng roi rac & do ngudi dung cung
cap (Xem phan 3.3.4).

Str dung 1y thuyét tap tho dé tim tap thudc tinh rat gon R cua tap thudc
tinh C ban dau. Tasir dung ba thuat toan : Johnson, Random dugc
trinh bay trong chuong 1,” va heuristic vira dugc trinh bay ¢ phan trén
(ta tam goi la phuong phap Heuristic).

Vi tap, vector dac trung gia tri thuc card(C) thanh phﬁn, gilr lai cac
thanh phén trong tng voi cac thudce tinh trong R. Ta dugc tip vector
dac trung mai1 co6 gia tri thuc gém card(R) thudc tinh.

Str dung thuat toan lugng hoa vector ddi voi tap vector ddc trung gia tri

thuc card(R) thanh phﬁn dé tao tap céc vector tham chiéu.

= _ Giai doan phan 16p :

O

Rt trich dic trung cho tap anh huin luyén bang phuong phap phan tich
thanh phén chinh nhu mé hinh 1, két qua nhan dugc 1a tap cac vector
dac trung co6 gié tri thyc. Goi tap cac thudc tinh cia cac vector nay la

C.
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o Voi tap vector dac trung gia tri thuc card(C) thanh phén, gilr lai cac
thanh phan tuong tng véi cac thudc tinh trong R . Ta duoc tap vector
dic trung moi co gia tri thue gdm card(R) thudc tinh.

o St dung tip vector tham chiéu, phan 16p tip vector dic trung card(R)
thanh phan bang thuit toan ngudi lang giéng gan nhat

Hai giai doan huin luyén va phan 16p 1an lugt dugc thé hién trong Hinkh 3-6 va Hinh
3-7.
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Tap anh
huan luyén

Tham s6 M’ L PCA

A 4

Tap vector dic trung
lién tuc card(C)
thanh phin

A 4

Khoang roi rac k Roi rac hoa

A 4

Tap vector dic trung
roirac card(C)
thanh phin

Rut gon thugc tinh

Coovm D pantm S

A 4
Tap thudc tinh
RcC

A 4
e N

B0 loc thudc tinh

y

Tap vector dac trung
lién tuc card(R)
thanh phin

A 4

LVQ

| —

A 4

Tap vector
tham chiéu
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Hinh 3- 6 : Giai doan hudn luyén tao tdap vector tham chiéu

Tap anh
kiém tra

Tham sb
M,

Tap vector dic trung
lién tuc card(C)
thanh phén

A 4

Tép thudc tinh
RcC —»[ B loc thudc tinh ]

A 4

Tép vector dac trung
lién tuc card(R)
thanh phén

A 4

B phén 16p bing thuat
toan nguoi lang giéng
gan nhat

Téap vector
tham chiéu

Nguwoi /

Hinh 3- 7 : Giai doan phdn I6p tip dnh kiém tra
3.3.4. Van dé lwa chon s6 khoang roi rac
Thuat toan rodi rac 14 mot phan quan trong trong md hinh thtr nghiém & trén va gop
mot phan vao két qua nhan dang cubi cung. Pdi voi thuat toan roi rac chia déu khoang
cach duogc sur dung trong mo hinh, sb lugng &k céc khoang roi rac ctuia céc thudc tinh

nén dugc chon thod man di€u kién : £ <m v&éi m 1a sO lugng anh huan luyén (hay so
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lurong anh huin luyén trung binh) ciia mdi ngudi trong tap huin luyén. Heuristic ndy
dugc dua ra dya trén hai 1ap luan sau day :

1. Gid su sau khi rat trich dac trung, mot nguoi nao do c6 m vector dac trung

Vis Vaseen, v, VO1 tap thudc tinh (hay thanh phan) 1a C. Goi cac gia tri cua

tap vector nay tai thudc tinh aeC 1a v,[a], v,[a],..., v, [a] va gid tri

v,[aleR, sau qua trinh ro1i rac hoa, s€ tr& _thanh gid tri

d.[a]€{0],....k—1},Vi=12,..,m. Theo nguyén ly Dirichlet [2], trong tap céac
gia tri roi rac {d,[al,d,[a),....d, [a]} ton tai [%1 >2 (Vi k< m) gia tri ro1 rac

bang nhau, hay : 3i, j e {1,2,...,m}, i/, dilal=d;[a]. Day ciing la diéu kha
hop 1y ma ta mong mudn : voi cung mot nguoi, tai moi thuoc tinh aeC,
ludn c6 it nhdt hai vector dic trung nhan gid tri nhu nhau tai a.

2. Khi s6 lugng khoang roi rac cangA6n thi xac suat dé hai vector dic trung
nhan gia tri nhu nhau tai mdi thudc tinh s& cang nhé. Piéu ndy ciing c6 nghia
1a kha ning phan biét cac doi tugng (vector dic trung) cua cc thudc tinh
cang lén, dan dén céac rat gon c6 kich thudce cang nhd. Trong trudng hop x4u
nhét, ton tai-mot-thudc tinh @ € C ma tai do tat ca cac vector dic trung déu
nhén gia tri khac nhau, va nhu vy R ={a} 1a mot rat gon cua tap thudc tinh
C. Rd rang viéc nhan dang véi tap thudc tinh R nhu vay sé cho két qua
khong cao.

Heuristic chon khoang rdi rac vira trinh bay da duoc kiém nghiém thuc té. Trong
truong hop sé khoang rdi rac qua 16n, tap thudc tinh rat gon co kich thudc rat nho (2
hodc 3) phan tir ddn dén két qua nhan dang thap.

Trong chuong trinh thtr nghiém, vé6i tap dir liéu huan luyén 24 anh / nguoi, ta c6 thé

chon s6 khoang roi rac 1a 10.
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Chuong 4
Cai bat Chuong Trinh
Va Tht Nghiém

4.1. Chwong trinh cai dat
4.1.1. Ngon ngir va moi truong
Chuong trinh thir nghiém duoc cai dat bang ngdn ngit C++ trén hé diéu hanh
Microsoft Windows NT/2000 va Microsoft Windows XP, st dung moi truong 1ap trinh
Microsoft Visual C++ 6.0 IDE.
4.1.2. To chirc thw muc mi nguon
Thu muc Dib : Chira tap tin cho thur vién xur Iy anh.
Thu muc Newmat : Thu vién'ma tran.
Thu muc Stefan Chekanoy': Chita tap tin cho cac 16p truy xuét co so dit liéu. Chire
ning luu trit dit liéu khong duwoe hd trg trong chuong trinh cai dit nay.
Thu muc My Classes : Cac 16p xu ly quan trong.
Thu muc Others : Chtra tap tin cho céc 16p tién ich khac.
Céc tap tin cho'cac 16p giao dién : nam trong thu muc hién hanh Face Recognition.
4.1.3.. Mot s0 16p quan trong
1. Lép bang quyét dinh
» Tén 16p : CDecisionTable
= Taptin:
My Classes \ DecisionTable.h
My Classes \ DecisionTable.cpp
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= Chirc ning : Biéu dién mot hé thong tin c6 mot thude tinh quyét dinh

(bang quyét dinh) va cac thao tic trong tng. Str dung dé luu tip vector

dic trung cua tap huan luyén, kiém tra.

2. Cac 16p thue hién rit trich dac trung

2.1.

2.2

2.3.

24.

So dd 16p

CFeatureExtractor

£

CPCA CSVDandPCA

Hinh 4- 1 : So dé cdc I6p rit trich ddc trung
Lép rit trich dac trung co sé
Tén 16p : CFeatureExtractor
Tap tin :
My Classes \ FeatureExtractor.h
My Classes \ FeatureExtractor.cpp
Chure néng : Lép co sé cho cac 16p rut trich déac trung
Lép phan tich thanh phian chinh (PCA)
Tén 16p : CPCA
Tap tin :
My Classes \ PCA.h
My Classes \ PCA.cpp
Chtrc ning : Thyc hién rat trich ddc trung tap anh bang phwong phap
phan tich thanh phan chinh.
Lép ruat trich dic trung bang phwong phap SVD va PCA
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= Tén lop : CSVDandPCA
= Téaptin:
My Classes \ SVDandPCA.h
My Classes \ SVDandPCA.cpp
= Chirc ning : Rt trich ddc trung anh bang phuong phap SVD két hop
PCA.
Luu y : Trong chuong trinh cai dat c6 thém hai mo6 hinh 3'va 4 két hop phép
bién d6i SVD va PCA dé rut trich dic trung anh mit: Tuy nhién do chua c6
tai liéu nao ching minh duoc hiéu qua ctia SVD trong nhén dang, va két qua
kiém nghiém trén dir liéu ORL cho thiy tac dung rat trich dic trung cia
SVD chua cao nén day chi la 2 cai dat phuy, khong duoc st dung dé minh hoa
hay thdng ké trong luan vin nay. V& phép bién d6i SVD, xin xem [1].
3. Lop roirac hoa
= Tén l6p : CEqualWidthDiscretizer
= Taptin:
My Classes \ EqualWidthDiscretizer.h
My Classes \ EqualWidthDiscretizer.cpp
= Chuc ning : Rairac dit liéu biang phuong phap chia déu mién gia tri.
4. Lop thuat toan tap thé
= Ténldp : CRoughSetAlgorithm
= Taptin:
My Classes \ RoughSetAlgorithm.h
My Classes \ RoughSetAlgorithm.cpp
= Chuc nang : Thyc hién cic thuat toan trong 1y thuyét tap tho.
5. Céac 16p rit gon thuge tinh
5.1. So do 16p
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CReductsFinder

/N

CJohnsonReductFinder CRandomReductFinder CHeuristicReductFinder

Hinh 4- 2 : So do cdc [6p thuc hién rut gon dac trung
5.2. Lop co sé
= Tén lop : CReductsFinder
= Taptin:
My Classes \ ReductsFinder.h
My Classes \ ReductsFinder.cpp
* Chutc nang : Lop co sd cho cac'thudt toan tim tap rat gon.
5.3. Lép chién lwgc Johnson
= Tén lop : CJohnsonReductFinder
= Taptin:
My Classes \ JohnsonReductFinder.h
My Classes \ JohnsonReductFinder.cpp
»  Chuac nang : Tim tap thudc tinh rat gon theo chién lugc Johnson.
5.4. Lép chién lwoc ngiu nhién
= Tén l6p : CRandomReductFinder
= Taptin:
My Classes \ RandomReductFinder.h
My Classes \ RandomReductFinder.cpp
= Chirc nang : Tim tip thudc tinh rat gon theo chién luge ngau nhién xac

suat.
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5.5. Lop Heuristic
= Tén lop : CRSReductFinder
= Tap tin:
My Classes \ RSReductFinder.h
My Classes \ RSReductFinder.cpp
* Chuc nang : Tim tap thudc tinh rat gon dua theo tiéu chuan dua ra trong
hé GDT - RS.
6. Lop mang lwgng hoa vector (LVQ)
= Tén l6p : CLVQNet
= Taptin:
My Classes \ LVQNet.h
My Classes \ LVQNet.cpp
* Chtrc nang : Khoi tao va huin luyén tap cac vector tham chiéu.
7. Lép thuit toan phan loai ngudi lang giéng gan nhat
» Tén 16p : CNearestNeighbor
= Taptin:
My Classes \ NearestNeighbor.h
My Classes \ NearestNeighbor.cpp
= Chirc nang.:'Thuc hién phén 16p tap vector dic trung cta dit lidu kiém tra
theo tap cac vector tham chiéu tao boi mang lugng hod vector.
4.2. To chirc dir liéu thir nghiém
—~ Cactap dir liéu huén luyén, kiém tra lan lugt duoc dat trong thu muc Train va
Test.
= Céc tip c6 cing sd ngudi va sb6 anh huan luyén / nguoi dugc dit vao ciing mot
thu muc c¢6 tén :

Face <so6 nguoi> <so6 anh hudn luyén moi nguoi> <so anh kiém tra moi nguoi>.
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Vi du : Thu muc Face 15 24 20 chtra cac tdp huan luyén, kiém tra véi 15
ngudi, méi ngudi ¢6 24 anh hudn luyén va 20 anh kiém tra. Cac thu muc nam
trong Face 15 24 20 1a cac thu muyc chira timg tap hudn luyén, kiém tra. Mot

so d6 cay minh hoa vi¢c t6 chirc nay :

Face_15_24 20

Train

Test

Train

Test

Hinh 4-3: Minh hoa t6 chirc tdp dir liéu
- Trong cac thu muc Train va Test, anh cia mdi ngudi duoc gom vao ting thu
muc mang tén la cac s6 tw nhién. Céc sd tu nhién nay la bt budc va sé duoc s
dung nhu tén tham chiéu toi nguoi tuong tng (tc 1a chung ta khong sir dung
thu mue mang tén cua tirng nguoi).

4.3. Hwéng dan va minh hoa sir dung chwong trinh

4.3.1. Man hinh chinh
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## Face Recognition System

File Reduction Algarithm  Information  Help

r Training D atabase r Testing

* Each perzon Al persons % Clazsified perzons " Unclazsified persons

144 E Al Browse
Classify

Testing size Accuracy |
- <4 B

Images size : Training ...
L Exit
Mumber of perzons : Training zize

Hinh4=4 : Man hinh chinh cua chuong trinh
4.3.2. Nhap tap anh huan luyén
- Menu : File / Newtraining database ...
~  Chon thu'muc chira tap anh huan luyén, trong Hinh 4-5 thu muc nay 13 Train.

— Hinh anh:
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.f;-Fnce Recognition System

r Training D atabasze

Testing

% Each person

| vi (44

Al persons ‘ | ¢ Classified persons

Training Directory

Falder selected ;

[:ALuan Yan Tat NahiephBai HopsLuan van Tat nghiep -
001 2706MF ace Recoanition Swstem\Face Databaze Eigen faces

[=C5) Luan wan Tot nghiep - 0012708 A

%y Demo =

=14 Face Recognition Spstern

) Exe

.—_ I Face Database & Eigen faces file
[#{55) Face_10_24_20

i) Face_15.24 20 :
i) Test i
B
[#-{(5) Face_20_24_20
{7 Face_25_24 20

i Y~ R i e o o o

=50 = Cancel |

(_ |

" Unclazsified persons

Images size : |

Mumber of persons : |

Training ... |

Training size : |

Exit |

Hinh 4- 5°: Chon tdp anh hudn luyén

93




Chuong 4 — Cai dat chwong trinh va thir nghiém

## Face Recognition System

File Reduction Algarithm  Information  Help

r Training D atabase

" Each perzon

s

=l el T

o X

r Testing

% Clazsified perzons

" Unclazsified persons

Browse
Classify

Testing size

Images size: (92x112

Training ...

Mumber of pergons : 15 Training zize . 360

Accuracy |

Exit

Hinh 4- 6 : Sau khi chon tdp anh hudn luyén
4.3.3. Chon thuat toan rut gon thudc tinh

- Menu : Reduction"Algorithm. Thuat toan dugc chon s€ dugc ap dung vao cac

mo hinh 2 va 4. Thuat toan khoi tao 1a Johnson.

4.3.4./Qud trinh huin luyén
=~ Nuatnhén : Training ...
—_ Chon md hinh str dung.
= Hinh anh :
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Teszting

r Training O atabase

‘ (" Each person % Al persons | ‘ * Classified persons " Unclassified persons ‘

Training Models

— Select Training kM odel

3

1] PCA --* Ranking --» BestFeatures > Training .

 [2] PC& -3 Ranking > BestFeatures > Rough Set Reduction - Training .

e 5WD - Hanking E = B Harin S—
Training .
£ (4 SVD - Hanking > BestFeatures ~ PCA > Aankin est Featu Browsel
+ Rough Set Heduction =2 Traning

Continue Cancel |

= |

Images size E’Qj’;'{ﬁ' Training ... i

:W E it I

MNumber of persons : 515 Training size ;|

Hinh 4- 7 : Chon mé hinh hudn luyén
~  Chon tham sb.¢ua md hinh twong tng.

— Hinh anh :
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r Training D atabasze Testing

(" Each person & Al persons ¥ Classified persons " Unclazzified persons

Training Parameters

PCa FParameter-

Mumber of best featuras : |15 ¥ [ Import Eigen Faces

Eigen faces file : ]

- LV Parameters

Mumber of code book vectors per class: |10 | Browsze
Training epochs :  |8000 J

Cancel

Images size: [@2x 112 Training ...
i L i E it
Mumber of persons : |15 Training size : 360

Hinh 4- 8 : Chon tham s6 cho mé hinh
4.3.5. Qua trinh phan lép
- C62chédo:
o Phan 16p tap anh c6 giam sat : Tap anh dua vao da dugc phan vao cac thu
muc trong Ung v6i timg ngudi (xem phan mo ta dir liéu 4.2). Chang han
nhu cac thu muc 7est noi trong 4.2 .
o Phan 16p tap anh khong giam sat : TAt ca cac anh kiém tra ndm tryc tiép
trong mot thu muc, khong thudc cac thu muc cua tirng nguoi.
- Chon ché db :
o Classified persons

o Unclassified persons
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- M6 thu muc : nat nhan Browse.

— Hinh anh :

r Training D atabase Teszting

" Each person & &l persons {* Classified persons 7 Unclassified pergons

| Training Directory

Falder selected ;
[:ALuan Yan Tot NoghiephBai HopiLuan wan Tot nghiep -

001 2706MF ace Recoanition Sustem\Face Databaze Eioen faces

Luan Wan Tat Mghiep ~
| BaiMop 1
== Luar wan Tat nghiep - 001 2706
1-1.bmp 2 Dema
=17y Face Recognition System

H-] Exe

[=-{7) Face Database & Eigen faces file A Boiies
+-.5) Face_10_24_20 —-] 4
==y Face_15_24_20

FHA T:E:t h _]

FET Train =

H == Cmme 0 24 W0 -—
¢ | Cancel

Images size: |92x 112 Training ...
L I Exit
Number of perzans : 15 Training zize : 360

Hinh 4=9 :'Chon thw muc phén 16p trong ché dé gidm sdt
~ Nhénnuat Classify dé bat dau phan 16p.
—~Két qua phan 16p :
o /Ché 6 co giam sat : Ti 18 phan tram s6 anh duoc phan 16p ding.
o Ché d6 khong giam sat : Unknown.
4.3.6. Xem thong tin

- Céc muc trong menu Information :

o Real — attribute training table : Bang huan luyén ¢ trang thai gia tri thuc.
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o Discrete — attribute training table : Bang huan luyén & trang thai gia tri
ro1 rac.

o Real — attribute testing table : Bang kiém tra ¢ trang thai gia tri thyc.

o Discrete — attribute testing table : Bang kiém tra & trang thai gia tri roi
rac.

o Set of attributes : Tap thudc tinh stir dung dé phéan 16p. P6iv6i mo hinh 2
va 4 day la tap cac thudc tinh rat gon, voi mo hinh 1 va 3 day la tap tat ca
cac thudc tinh dic trung.

o Training type : Xem cac thong tin tham sb, thudt toan ¢tia mé hinh vira st
dung.

4.4. Mt s6 két qua
4.4.1. Thue muc Face 10 24 20

= S lugng ngudi : 10

= S anh hudn luyén / ngudic 24

= S anh kiém tra / nguoi : 20
=S4 vector tham chiéu (LVQ) : 10

= Chu ky huan luyén : 5000

= S6 khoang roi rac (budc roi rac hod) : 3

= Bang sb liéu

STT | Tham' { Két qua M0o hinh 2

s6 PCA | m6 hinh Johnson Heuristic Random

1(%) | S6 | Két S6 |Kétqua| Sb Két

thudc | qua thudc (%) thudc qua

tinh (%) tinh tinh (%)
1 5 87.5 5 87.5 5 87.5 5 87.5
2 6 93.5 6 93.5 6 93.5 6 93.5
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3 7 97.5 7 97.5 6 94.5 6 94
4 8 97 8 97 6 87 7 94.5
5 9 97.5 8 97 6 94 8 93.5
6 10 98 8 97 6 82.5 8 95.5
7 11 98 8 97 6 82.5 8 98
8 12 99 7 94 6 82.5 7 97
9 13 99 7 94 6 82.5 9 85
10 14 99.5 7 94 6 82.5 8 93
11 15 100 7 94 6 82.5 8 95.5
Bang 4- 1 : Két qud hudn luyén, kiém tra tgp Face 10_24 20
4.4.2. Thuw muc Face 15 24 20

= S luong ngudi : 15

= S anh huan luyén / ngudi : 24

=S4 anh kiém tra / ngui : 20

= S6 vector tham chiéu (LVQ) : 10

=  Chu ky huén luyén : 8000

= S6 khoang roi rac (budc roi rac hod) : 3

STT | Tham | Kétqua Mo hinh 2
s6 PCA[.mo hinh Johnson Heuristic Random

1(%) | S6 | Két S6 |Kétqua| Sb Két
thugc | qua thudc (%) thudc qua

tinh (%) tinh tinh (%)
1 5 85 5 85 5 85 5 85
2 6 87 6 87 6 87 6 87
3 7 89 7 89 7 89 7 89
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4 8 90.33 8 90.33 8 90.33 8 90.33
5 9 90.67 9 90.67 8 90.33 9 90.67
6 10 91.33 8 89.67 6 94.33 8 97.67
7 11 91.33 8 89.67 6 94.33 9 90.67
8 12 92 8 89.67 7 97.67 8 90.33
9 13 92.33 8 89.67 7 97.67 9 90.67
10 14 92.33 9 91.67 7 97.67 10 88.67
11 15 92.33 9 91.67 7 97.67 8 89.67
Bang 4- 2 : Két qua huin luyén, kiém tra tap Face 15 24 20
4.4.3. Thuw muc Face 20 24 20
= S lugng ngudi : 20
= S§ anh huan luyén / nguoi : 24
= S anh kiém tra / nguoi : 20
=S4 vector tham chiéu (LVQ) 10
= Chu ky huan luyén : 10000
= S khoang roi rac (budc roi rac hod) : 3
STT | Tham | Kétqua Mo hinh 2
s6 PCA | mé hinh Johnson Heuristic Random
1 (%) SH Két S6 | Kétqua| Sb Két
thudc | qua thudc (%) thudc qua
tinh (%) tinh tinh (%)
1 5 76.5 5 76.5 5 76.5 5 76.5
2 6 82 6 82 6 82 6 82
3 7 87 7 87 7 87 7 87
4 8 82.75 8 82.75 8 82.75 8 82.75
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5 9 82 9 82 9 82 9 82

6 10 85.25 10 85.25 10 85.25 10 85.25
7 11 86 11 86 11 86 11 86

8 12 86.25 10 85.5 9 88.5 11 90.33
9 13 92.33 10 85.5 8 89.25 10 90.67
10 14 87.25 11 81.25 9 94.5 11 88.67
11 15 86.5 11 81.25 10 95.5 13 89.67
12 16 86.5 11 81.25 10 95.5 12 82

13 17 86.5 10 81.75 10 95.5 11 89.5
14 18 87 10 81.75 11 90.25 13 91.5
15 19 87.25 11 81.75 11 90.25 12 84.5
16 20 87.25 11 81.75 11 90.25 12 79.5

Bang 4- 3 : Két qua huin luyén, kiém tra tip Face 20 24 20
4.4.4. Thu muc Face 25 2420

= S lugng ngudi : 25
= S anh huan luyén/ngudi : 24
= S anh kiém tra / nguoi : 20
=S4 vector tham chiéu (LVQ) : 10
=  Chuky huin luyén : 12500
= Sb khoang roi rac (budc roi rac hod) : 3
STT | Tham | Kétqua Mo hinh 2
s6 PCA | m6 hinh Johnson Heuristic Random

1 (%) SH Két S6 | Kétqua| Sb Két
thudc | qua thudc (%) thudc qua
tinh (%) tinh tinh (%)
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Chuong 4 — Cai dat chwong trinh va thir nghiém

1 10 83.8 10 83.8 10 83.8 10 83.8
2 11 86.6 11 86.6 11 86.6 10 83.8
3 12 88.2 12 88.2 11 84.4 12 88.2
4 13 84.6 12 84.6 10 77.8 11 86.6
5 14 85.4 11 90.2 9 80.4 13 84.6
6 15 85 10 83.2 10 88.8 13 89

7 16 84.8 10 83.2 10 88.8 12 80.6
8 17 84.8 10 83.2 10 96.4 12 84.8
9 18 85 10 83.2 10 86.2 14 84.2
10 19 84.8 10 83.2 10 86.2 14 79.8
11 20 85.6 10 83.2 10 86.2 12 84.6
12 21 86.2 10 83.2 10 86.2 14 84.8
13 22 85.6 10 83.2 10 86.2 14 76

14 23 86.4 10 83.2 10 91 12 74.4
15 24 85.8 10 83.2 10 91 13 81.8
16 25 85.8 11 81.75 10 91 14 79.2

Bang 4- 4: K ét'.qua huin luyén, kiém tra tap Face 25 24 20
4.5. Nhén xét két. qua
Tur cac két qué thtr nghiém & trén ta c6 mat s6 nhan xét :

I. Trong3 thuat toan tim rat gon tp thudc tinh, chién luwoc Heuristic t6 ra vuot
trdi hon va chién luoc ngiu nhién xac sut 1a thap nhat vé kha ning nhan
dang.

2. Trong cac bang thong ké trén, nhimg két qua in dam thé hién duogc loi ich
cua tiép can tap tho trong lya chon va rut gon dac trung. Tha nhét, nhiing
phan nay phai twong tng v&i két qua nhan dang tir 90% trd 1én. Thir hai, c¢6

hai cach so sanh :
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Chuong 4 — Cai dat chwong trinh va thir nghiém

= So sanh theo chiéu ngang : két qua cho thiy chat luong nhan dang sau
khi rat gon dic trung sé ting 1én. Vi du : vé6i tap Face 15 24 20, néu
giit nguyén 10 dic trung thi két qua nhan dang 14 91.33, trong khi két
qua sau khi rat gon con 6 dac trung 1a 94.33.

» So sanh theo chiéu xién : v&i 2 tap ddc trung cung kich thuée, tap dac
trung nhan dugc tir qua trinh rat gon cho chat luong t6t hon tap dic
trung twong tng vai cac thanh phan t6t nhat ctia phan tich thanh phan
chinh. Vi du : véi tap Face 15 24 20, tap ddc trung rat gon kich
thudc 6 cho két qua nhan dang 94.33%, trong khi tap tuong ting véi 6
thanh phan t6t nhat ciia phan tich thanh phan chinh cho két qua nhan
dang 87%.

3. Trong nhiing thir nghiém trén ching ta-str dung thuat toan phan 16p nguoi
lang giéng gan nhat. Piéu nay ciing c¢6 thé 1a nguyén nhan chét lugng phan

loai khong cao : chua bao gi¢ chung ta dat duoc két qua nhan dang 100 %.
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Chuong 5 — Tu danh gia va hwéng phat trién dé nghi

Chuong 5
Tue Panh Gia Va Hudéng Phat

Trién Pé Nghi

5.1. Tw danh gia
Vi nhitng trinh bay 1y thuyét ciing nhu két qua thuc nghiém, ludn van da dat duoc

mot s6 thanh qua sau déy :

% Trinh bay rd rang va c6 hé thong 1y thuyét tap tho, minh hoa day du cac khai
niém bang nhiéu vi du.

% Tim hiéu mot sd van dé tong quat trong bai toan nhan dang mit nguoi : mo
hinh chung, cac kho khédn gép phai.

< Nghién ctru phuong phap phan tich thanh phan chinh trong bai todn nhan
dang, mot s6 thuat toan‘hoe luong hod vector ung dung trong phan 16p dit
liéu.

% Cai dat chuong trinh tng dung nhan dang mit ngudi, trong d6 két hop 1y
thuyét tap tho vao giai doan lya chon va rat gon déc trung.

% Pua ra nhan xét tir s6 liéu théng ké va biéu dd dé thay dugc mat manh, yéu
ctia phuong phép lwa chon va rat gon dic trung bang 1y thuyét tap tho. Pua
ramot sb 1y giai ban dau cho cac két qua.

Tuy vay, luan van van con chua hoan thién ¢ cac diém sau :

% Chua dua vao cac phuong phap rat trich dic trung khac dé c6 diéu kién danh
gia chinh xac.

% Chua so sanh duoc hiéu qua 4p dung 1y thuyét tdp tho trong bai toan lwa
chon va rut gon dac trung vdoi cac tiép can khac.

¢ Thuat toan phan 16p st dung con qua don gian.
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Chuong 5 — Tu danh gia va hwéng phat trién dé nghi

¢ Téap dir liéu chua phong phu.
5.2. Huwéng phat trién dé nghi
Dua trén mot sd diém tu danh gia trén, sau day 1a mot s6 hudng dé phat trién van dé
duoc néu trong luan van nay :

*¢ Nghién ctru cac thuat toan rat trich dac trung khac nhu : anh xa tu t6 churc
(SOM), phép bién ddi Cosine roi rac (DCT),...va so sanh véi phwong phap
phan tich thanh phan chinh.

¢ Nghién cuu cac thuat toan st dung trong phan 16p nhw Support Vector
Machine, mé hinh Markov an,...Viéc sir dung cac mé hinh niy chic chin s&
mang lai két qua nhan dang cao hon bo phan 16p nguoi lang giéng gan nhat
dugc str dung trong luan van.

¢ Nghién ctru cac phuong phap lua chon va rit gon dac trung khac va so sanh

v6i tiép can bang 1y thuyét tap tho.
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