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Loi cam on

Ching em xin chan thanh cdm on Khoa Cong nghé Thong tin, truong Pai hoc
Khoa hoc Ty nhién TP.HCM di tao diéu kién cho chiung em thyc hién dé tai luan van
t6t nghiép nay.

Chung em xin giri 16i cam on sau sac dén Tién si Duong Anh Pirc, Thac si
Nguyén Tri Tun va Thac si Lé Dinh Duy d tin tinh hudng din ching em trong sudt
thoi gian thyc hién dé tai. Qua thoi gian duoc cac thay hudng dan, ching em da biét
cach 1am viéc khoa hoc hon, biét cach “Khi em viét ra mot cai gi khong phai cua em thi
em phai cho ngudi khac biét cai d6 1a cua ai”, ciing nhu “Khi em noi két qua em dat
duoc 1a kha t6t thi phai n6 r6 tot 1a t6t thé nao”.

Chung em xin chan thanh cam on cac Thay C6 trong Khoa d3 truyén dat cho
chung em nhiing kién thirc quy bau trong nhimg nim hoc vira qua, gitip ching em co
duoc mot nén tang 1y thuyét viing chic dé co thé tiép tuc theo hoc hay di tim viéc lam.

Chuing con xin dugc bay té 1ong biét on sau sic d6i véi Ong Ba, Cha Me, nguoi
luén ludén quan tdm cham soc ca vé mit vat chét 1an tinh than, luon tao diéu kién cho
ching con chuyén tdm hoc tap va nghién cuu.

Cubi cung, xin dugc noi 101 cam on chan thanh dén cac anh chi va céac ban da giup
dd, khich 1€ cling nhu phé binh, gbp y, gitp chung em hoan thanh cong viéc mdt cach
t6t nhat.

Tuy chung em di nd luc hét sirc minh va hoan thanh luan vin, nhung chic chin
luan vin van con nhiéu thiéu sét. Chung em rat mong nhan dugc su gop ¥, chi bao tan
tinh cua cac Thay C6 va cic ban dé chung em c6 thé tiép tuc thuc hién nhimmg gi do
chinh ching em viét ra trong muc “hudng phét trién” cia khoa luan nay.

Thanh phé H6 Chi Minh, Thang 7/2005
Nhom SV thuc hién
Dinh Ba Thang — Dang Bac Vian



Lo1i noi dau

Su ra doi cia may tinh d giup ich rat nhiéu cho céng viéc va cude song ctia con
nguoi. Vo1 may tinh, con nguoi co thé soan thao vin ban, nghe nhac, xem phim, thiét
ké dd hoa, xr Iy anh, bién tap phim ... Tuy nhién, viéc giao tiép gitra con ngudi va may
tinh phu thudc cha yéu vao ban phim va chudt, va hiu nhu con ngudi ludn phai ngdi
trudc may tinh. Dan dan, cic nha san xuét théy duoc su bat tién va d3 tao ra ban phim
va chudt khong day voi mong mubn mang lai sy tw do hon cho ngudi ding. Tuy nhién,
ban phim khong day thi vin 14 ban phim, con ngudi ciing chi ¢ thé twong tic véi may
tinh thong qua h¢ théng 104 phim. Con ngudi chi that sy dugc “giai phong” khi viée
tuong tic vdi may tinh duoc thuc hién thong qua céc ctr chi trong cudc séng hang ngay,
tire 1a may tinh phai “hiéu” duoc cac ctr chi ctia con ngudi. D6 chinh 13 van dé dit ra
cho bai toan nhan dang va phan loai cu chi. Cho dén thoi diém hién nay, du da co
nhiéu cach tiép can khac nhau cho bai toan ndy, nhung dudng nhu van chua c6 mot hé
théng nhan dang ctr chi nao thyc sy hi¢u qua.

Bén canh do, bai toan nhan dang mat ngudi dang dat dugc mot két qua rat kha
quan v6i md hinh Cascade of Boosted Classifiers do Viola va Jones [1] d& nghi. Mo
hinh nay dat hiéu qua cao ca vé d6 chinh xac 13n thoi gian nhan dang. Eng Jon [14] da
ap dung mo hinh nay 1én bai toan nhan dang ban tay va ciing dat dugc két qua tot.,

Muc ti€u cua khoéa luan nay la thir 4p dung moé hinh Cascade of Boosted
Classifiers 1én bai toan phan loai ctr chi véi hi vong né ciing s& dat dugc két qua tot
nhu trén bai toan nhan dang mat nguoi va nhan dang ban tay. Luan van dugc trinh bay
trong 6 chuong véi bd cuc nhu sau:

e Chuong 1-Mé dau: Néu 1én tam quan trong cua bai toan phan loai ctr chi va
mo ta so bo pham vi bai toan ma khéa luan nay s& giai quyét. Dong thoi gidi
diém so qua cac cach tiép can hién co véi cac uu khuyét diém cua chung va gidi

thiéu vé mo hinh st dung trong khoa luan nay.



Chuwong 2-Gi6i thiéu bai toan phan loai cir chi: Phat biéu cu thé va mo ta chi
tiét pham vi bai toan sé& giai quyét, giai thich tai sao lai chon mé hinh Cascade
of Boosted Classifiers.

Chuwong 3-Co s& 1y thuyét: Trinh bay vé AdaBoost, Haar Feature, mo hinh
Cascade of Classifiers, khai niém Integral Image, tir &6 hinh thanh nén cau trac
Cascade of Boosted Classifiers. Tiép d6 1a phan gi6i thiéu cac img dung ctia mo
hinh va mot s6 nhéan xét, danh gia.

Chuwong 4-Ap dung md hinh Cascade of Boosted Classifiers: Trinh bay chi
tiét cach ap dung mé hinh cascade 1én bai toan phén loai cir chi.

Chuong 5-Két qua thir nghiém: Gidi thi¢u vé tap huén luyén, cach thu thap
mAu, cach tién hanh va két qua huan luyén, dong thoi so sanh ddi chiéu véi két
qua cua nguoi khac.

Chuong 6-Tong két: Tom tit cac két qua nghién ciru, nhing gi da dat duoc,

nhimg gi con han ché va néu ra huéng phat trién trong tuong lai.
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Chuong 1. M¢ dau

Chwong1 Mé dau

Mic du nén cong nghé théng tin van phat trién lién tuc véi tdc d6 vii bio nhung
chung ta van con mot ching dudng rat dai dé c6 thé giao tiép mot cach hoan toan tir
nhién véi may tinh nhu giao tiép gitta con nguoi vdi nhau. Cach giao tiép ty nhién nhat
v6i may tinh chinh 1 dung giao tiép thong qua tiéng noéi va ctr chi. Trong khi linh vuc
nhan dang tiéng noi da dat dugc nhitng thanh cong dang ké trong vong 10 nim gan day
thi linh vuc nhan dang cir chi van con tut lai phia sau. Tuy nhién, ngdén ngit cir chi lai
chinh 12 ngon ngir chuyén tai thong tin giita ngudi va ngudi mot cach tron ven nhat.
Néu gia sir chung ta phat trién duogc mot hé thong nhan dang tiéng noi két hop voi nhan
dang ctr chi thi chiing ta hoan toan c6 thé thay thé chudt hay ban phim bang mot hé
thdng sir dung ngén ngir ty nhién diéu khién may tinh thong qua bo giao tiép bang lénh
dua trén ctr chi va giong noi.

Trong cudc séng hang ngay, nhan dang ctr chi c6 thé giup cho viée giao tiép giita
ngudi binh thuong véi ngudi khiém thinh dé dang hon, vi méy tinh s gitp nguoi binh
thuong khong can hiéu hé théng ki hiéu cuia ngudi khiém thinh, mot ngon ngir khong
phai d& hoc. Trong cong nghiép va san xudt, chi can trang bi cho cac robot hé théng
camera, viéc diéu khién robot sé& tré nén don gian hon bao gio hét. Trong linh vuc d6
hoa 3 chiéu, ta c6 thé dung mot s6 dong tac yéu cau may tinh xoay mé hinh theo
mudn ctiia minh. Trong cong viéc vin phong, nhan dang ctr chi gitip ta co thé yéu cau
may tinh thyc thi mot chuong trinh, m¢é mot bai hat, gé1 mét 14 thu ... chi véi mot vai
ctr chi ra hiéu tir xa. Trong linh vuc giai tri, cic tro choi thuc té 4o (Virtual Reallity) —
céc tro choi ma ngudi choi diéu khién hanh dong nhéan vat bang chinh hanh dong ciia

minh — ludn ¢o6 stre cuon hut dic bi¢t voi nguoi choi.



Chuong 1. M¢ dau

Cung voi nhan dang am thanh, tiéng néi va xir Iy ngdn ngit, nhan dang ci chi
gitip may tinh thuc su tré nén “ngudi” hon — didu ma cac nha khoa hoc dang miét mai
nghién ctru véi hi vong s€ dat dugce trong mot twong lai khong xa.

Tuy nhién, chinh c4c ing dung to 16n trén khién cho bai toan thuc su 1a mot thach
thire. Dé ¢6 thé dugce dua vao st dung, mot hé théng trude hét phai hiéu dang cac cu
chi cia con nguoi, tirc 1a n6 phai nhan dang dugc chinh xac cac cir chi d6. Mot h¢
thdng xoay mé hinh khong dung véi ¥ ciia chuyén vién do hoa, hay mét con robot
chuyén lam sai chi thi thi kho ¢6 thé duge chap nhan.

Bén canh d6, dé c6 thé tuong tac v6i ngudi dung, hé thong nhan dang xay dung
phai 13 hé thong thoi gian thue, phai xir Iy nhanh. M6t chuyén vién d6 hoa s& khong
chip nhin mot hé thng can dén 30 gidy dé xoay mé hinh ctia ho. Mot con robot s&
khong dugc chip nhan néu n6 can dén 20 gidy dé hiéu ra rang n6 phai lam mot viée gi
d6 ngay lap tc. Hay nhu trong mot cudc giao tiép, néu mot hé thong phai mét dén 10
gidy cho mdi ctr chi ma ngudi khiém thinh ra du thi né ciing khong thé dugc chip
nhan.

Bai toan nhan dang ctr chi co thé chia lam 2 loai chinh: nhan dang ctr chi tinh va
nhan dang ctr chi dong. Cu chi tinh 1a cac cur chi ng véi mot tu thé ¢b dinh ciia mot
ban tay, con cir chi dong 1a chuyén dong theo mot quy dao nhat dinh ctia mot hay hai
ban tay. Nhan dang ctr chi dong bao ham ca nhan dang ctr chi tinh va mdt s6 xur 1y trén
chuyén dong nén hét sirc phuc tap. Khoa luan nay chi tap trung vao bai toan nhan dang
cu chi tinh.

Hé thong phan loai cr chi xay dung trong khoa luan nay 13 mot hé thong co kha
nang nhan dang va phan loai 24 cu chi img vo1 24 ki tu trong bang chir cai (trur chit J

va Z do d0i hoi chuyén dong cuia ban tay)
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Hinh 1 - H¢ thong 24 cir chi

v

Bd phan loai a
Anh cir chi

Hinh 2 - Bo phan loai ci¥ chi

Bo phan loai ¢6 thé dugc tng dung dé xdy dung hé thong hoat dong dwa trén 1 webcam
dung dé theo ddi chuyén dong cia ban tay. Khi ngudi ding ra dau véi 1 cir chi, hé
théng s& rat trich mot khung hinh chinh trong sé cac khung hinh mé ta toan bd qua
trinh ra dau cta nguoi dung dugc webcam ghi lai va dua n6 vao bo phan loai ctr chi.
B0 phan loai s€ cho két qua phan loai la n6é thudc vé cur chi nao hay n6 khong nam
trong h¢ théng 24 ctt chi. T d6 c6 thé phat trién thém dé hé théng thuc hién mot $6
chtrc nang cu thé khi nhan dugc cac ctr chi twong tmg tir ngudi dung.

Bai toan dat ra 2 khé khan 16n: nhan dang khong nhirng phai chinh xac ma con
phai nhanh béi vi hé théng hoat dong theo thoi gian thuc. Yéu cau vé tinh chinh xac

cling la khé khén cua bat cir mgt bai toan nhan dang nao. Riéng doi vadi bai toan phan



Chuong 1. M¢ dau

loai ctr chi thi viéc phan loai chinh x4c lai cang kho khan hon bai vi trong s6 24 ctr chi,
c6 rt nhiéu cir chi giéng nhau (ching han nhu A, E, S va T).

Pé c6 thé dat do chinh xac cao, trudc hét hé thong phai c6 cac dic trung (feature)
t6t. Hé thong phai biét chon dic trung nhu thé nao dé ¢6 thé biéu dién tét duoc thong
tin d6i tuong can nhan dang. Déng thoi, dac trung phai dugce tinh todn nhanh, dé khong
1am cham cong viéc nhan dang. Thém vao d6, hé théng phai c6 phuong phap hoc hiéu
qua, c6 kha nang nhan dang t6t cac mau méi chir khong chi lam tdt trén cac mau da
hoc (van dé vé generalization).

Dé co thé dat duoc cdc muc tiéu trén, d3 c6 nhiéu cach tiép can duoc dua ra.
Freeman st dung déc trung Orientation Histogram [15] v6i thoi gian tinh toan nhanh,
nhung lai doi héi mau nhan dang phai 1d mau chup cén canh cua ban tay. Pong thoi
cach nay khong ap dung duogc khi hé thdng c6 cac ctr chi tuong ty nhau, vi cac cir chi
tuong tu nhau cho Orientation Histogram gidng nhau.

Bowden va Sarhadi [16] st dung mo hinh nonlinear PDM (nonlinear point
distribution model) d¢ biéu dién duoc nhiéu thong tin vé ban tay. Nhung viéc hun
luyén bang PDM noéi chung kho dat duogc sy vimg chic.

Ngoai ra, con c6 cach tiép can dya trén mau sic cua da trén ban tay [17] boi vi
mau da twong ddi thuan nhét. Day cling khong phai mot cach tiép can tét vi cac bd
nhdn dang xay dung trén dac trung 1a mau da rat nhay cdm vdi anh sang, va hé théng
s& nhan dang sai khi miu dua vao c6 chaa cac ddi twong khac c6 mau gidng véi mau
da..

Nhin chung, trong cac cach tiép can trén déu c6 chung mot han ché 1 khong thé
dat duoc su can d6i gitta kha ning nhan dang va thoi gian xir 1y. Trong khi d6, hién c6
mot mo hinh dang dat duogc su can doi gitra 2 mat nay va hién dang duoc Viola va
Jones ap dung rat thanh cong trong linh vyc nhan dang mat ngudi: mé hinh Cascade of
Boosted Classifiers v&i dac trung su dung 1a Haar Feature [1] (m6 hinh cascade nay

do chinh Viola va Jones dé nghi).
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Cascade of Boosted Classifiers 13 mot cau triic cdy ma ¢ mdi tang 13 mot classifier
(b6 phan loai). Classifier nay duoc xay dung bang thuat toan AdaBoost trén nguyén tic
su két hop ctia nhiéu weak classifiers (cac bo phan loai don gian chi can c6 do chinh
xac trén 50%) s€ tao ra mdt strong classifier (b0 phan loai c6 do chinh xac cao). Pac
trung st dung 1a Haar Feature, 12 mdt tap cac hinh chir nhat thé hién mdi lién hé gilra
céc ving anh v6i nhau (mo hinh nay s& duge trinh bay chi tiét trong chuong 3). Bén
canh do, mo hinh nay ciling da dugc Eng Jon &p dung 1én bai todn nhan dang ban tay
[14] v6i két qua kha quan.

Bai toan phén loai cir chi kha giéng voi bai toan nhan dang ban tay cua Eng Jon.
Mot bo phdn loai cik chi ¢6 thé duoc xay dung tur nhiéu bé nhén dang ciw chi, trong do,

moi1 by nhan dang img vé1 1 cir chi cu thé.

I~ T T T T T T T T T T T T T T T T T T T 1

Bd phan loai clv chi
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Bd nhan dang ban tay
Hinh 3 - B§ phan loai duoc tao thanh tir sw két hop cac bd nhin dang

Khoa luan nay xay dung cac b nhan dang cho tung ctr chi theo mo hinh Cascade
of Boosted Classfiers va dya theo bd nhan dang cho tirng nhom ban tay ctia Eng Jon
[14]. Do van d¢ cta bai toan nhan dang ban tay, cac ban tay c6 thé ¢ nhiéu tu thé khac
nhau, Eng Jon d3 str dung thuat todn K-mediod dé tién hanh phan cum cho tip huin
luyén va mdi cum nhu vay sé duoc xay dung mot bo nhan dang cho nd. Con ddi véi
tung bo phan loai ctr chi, khoa luén nay gidi han ban tay phai ¢ tu thé ¢ dinh va phai

dugc chup chinh dién, do do s¢ khong can dén thuat toan K-mediod.
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Chuong 1. M¢ dau

Sau khi xay dung dugc cac bd nhan dang cho tirng ctr chi, bo phan loai cir chi s€ dugc
xdy dung tir cac bo nhan dang nay. Tuy nhién, chung s& khong duoc két hop mot cach
tudn tu nhu trong hinh 3 ma ban than céc ctr chi cling dugc phan thanh nhom do su
gidng nhau gitra mot sd cir chi trong hé théng 24 ci chi. Sy gidng nhau nay sé& duoc
xéc dinh théng qua két qua ciia qué trinh thir nghiém.

Céc phan tiép theo cta luan vin s& 1an luot trinh bay cac van dé lién quan.
Chuong 2 giéi thiéu can k& hon vé bai toan, cac vain dé dit ra, cac cach tiép can va ly
do tai sao chon mo hinh cascade. Chuong 3 trinh bay co s 1y thuyét cua cach tiép can
cascade, thuat toan AdaBoost va Haar Feature cung vdi cac ing dung thanh cong cua
ching. Chuong 4 13 phan 4p dung mo hinh 1én bai toan phan loai cir chi, bao gdm cach
huén luyén , hé thong cac Haar Features st dung cing véi cdu tric cdy cascade va
cach két hop cac bo nhan dang cir chi dé hinh thanh bd phan loai. Chwong 5 1a két qua

thir nghiém va chuong 6 1a cac danh gia va hudng phat trién cia luan vin.
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Chuong 2. Gi6i thiéu vé hé théng phan loai cir chi

Chwong 2 Gi&i thiéu vé hé thong phan loai ctr chi

Nhu d trinh by & phan trén, nhitng tng dung to 16n clia bai toan phan loai cir chi
mang lai nhiéu kho khin khong nho, viée giai quyét né doi hoi kién thirc ca vé nhan
dang 1an may hoc. Trong d6, 2 muc tiéu 16n sau cuing chinh 1a 6 chinh xac va toc do.
Hé théng nhan dang phai c6 dugc cac dac trung tdt, chira dung dugc nhiéu thong tin vé
ddi tuong. Ddi véi cac cu chi, tuy cé thé sir dung cac dac trung v& hinh hoc nhu chiéu
cua ngdn tay hay duong bao, nhung cac dac trung nay khong phai lic nao cling rd rang
va du tin cay dé phan biét ban tay v6i cac dbi twong xung quanh, dic biét 1a dudi cac
diéu kién chiéu sang khac nhau.

D3 c6 nhiéu cach tiép can giai quyét van dé nay. Freeman di sir dung dic trung
Orientation Histogram [15] dé nhan dang cir chi. Orientation Histogram c6 wu diém 1a
c6 thé tinh toan nhanh va Freeman d3 xay dung dugc mot hé théng nhan dang cu thoi
gian thyc dya trén dic trung nay. Pong thoi, ddc trung nay gitp cho hé théng hoat
dong hiéu qua & moi trudng diéu kién chiéu sang khac nhau vi Orientation Histogram
tuong dbi doc 1ap véi didu kién chiéu sang. Tuy nhién, Orientation Histogram chi ap
dung dugc trén tip cac cir chi hoan toan khac nhau, vi cac ctr chi giéng nhau ciing s&
cho Orientation Histogram tuong tu nhau. Dong thoi, khi tién hanh nhan dang, ban tay
phai chiém gan tron mau dua vao, néu miu dua vao 1a mot khong gian 16n trong d6
chtra ban tay (kich thudc nho) thi histogram lay duoc s& khong phai dic trung cua ban
tay, ddn dén két qua phan loai sai. Bowden va Sarhadi [16] thi sir dung mé hinh
nonlinear PDM d¢ biéu dién dugc nhiéu thong tin vé ban tay. Nhung viéc huan luyén
bang PDM néi chung khé dam bao duoc ti 16 nhan dang cao va khong du tinh tong quat.
Nolker va Nitter [18] sit dung Local Linear Mapping (LLN) Neural Network d¢ anh xa
hinh chup 2 chiu vé toa d6 3 chiéu theo Parametric Self-Organizing Map (PSOM). Tt

d6 luu duge nhiu thong tin vé ban tay, giup co thé nhan dang cu chi tur nhiéu gbc do
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Chuong 2. Gi6i thiéu vé hé thdng phan loai cir chi

khac nhau. Du vay, hé thong nay lai khéng dat dugc hiéu qua vé mat thoi gian. Nhin
chung cac cach tiép can nay khong dat duoc su can ddi giita 2 muyc tiéu dé ra ban dau.

Muc ti€u cua khoéa luan nay la xay dung dugc mdt hé théng c6 kha nang phan loai
nhanh va chinh xac hé thdng 24 cir chi:

FINEENEME R
FVR P L M E B

Hinh 4 - H¢ thong 24 cir chi

1&7

Hé théng phan loai gdm 3 phan chinh:

1. Module huan luyén: xay dung bo nhan dang cho timg ctr chi (Sign Detector). Bo
nhan dang nay dugc td chirc theo cAu trac Cascade of Boosted Classfiers, mot
cascade tree ma mdi tang 1a mot strong classifier duge xay dung bang Gentle
AdaBoost [4] - mot bién thé cua thuat toan AdaBoost. Mdi classifier nay 13 mot
chudi cac weak classifiers — cac classifier don gian chi can ¢ d6 chinh xac trén
50% - mdi weak classifier sé gom 1 haar feature va 1 ngudng dé phan loai. Két
qua tra ra cua module nay 1a cac tap tin dit liéu tmg voi cdu tric cascade tree tao
thanh.

2. Module nhan dang cur chi: tao lai cascade tree tir tap tin cua bd nhan dang da
xay dung dé tién hanh nhan dang. Vi du str dung tap tin cuia bo nhan dang ctr chi
A thi ta s€ dugc A-Detector, viéc nhan dang s€ 1a nhan dang mdt vung anh co
phai cir chi A hay khong. Module ndy nhin vao mdt anh, trich ra tat ca cic ving

anh véi vi tri va kich thudc khac nhau, dua ching vao cascade tree va tra ra cac
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Chuong 2. Gi6i thiéu vé hé théng phan loai cir chi

hinh chit nhat tng voi cac vung anh dugc bd nhan dang danh gia 1a cu chi. Viéc
nhan dang ¢ khiu nay duoc ap dung thém mot sé phuong phap heuristic nhim
tang detection rate va giam false alarm cho hé thong.

3. B0 phan loai ctr chi: két hop cac by nhan dang cir chi dé thuc hién phan loai. Bo
phan loai s€ nhan vao mot anh va cho biét trong anh d6 c6 chira nhiing ctr chi
nao (cho biét vi tri ctia viing anh twong tmg véi cac cir chi).

Ly do ma khoa ludn nay chon Cascaded of Boosted Classifiers v&6i Haar Feature 1a:

1. Haar Feature [2] phan 4nh duoc t6t thong tin vé ddi tuong, dong thoi co thé
tinh toan nhanh nh& khai niém Integral Image [1] do Viola dua ra.

2. AdaBoost chay nhanh va gitip nang cao ti 1¢ nhan dang.

3. Céu trac cascade cho phép loai nhanh cac mau background don gian ngay tir
nhiing stages dau tién, giup rat ngan thoi gian nhan dang, dong thoi dap tmg t6t
nhat véi do phtrc tap gia tang cua cac mau can nhan dang, loai nhanh cac mau
background c6 do phirc tap thap bang cac bd phan loai don gian trude khi goi
dén cac bo phan loai phirc tap giup giam thiéu false alarm..

Tinh hiéu qua cia mé hinh nay di duogc thuc té chtirng minh thong qua thanh cong cua
Viola & Jones va Eng Jon. Ngoai ra, Mathias Kolsch va Matthew Turk [6,7] da ap
dung két hop AdaBoost v6i bién d6i Fourier 1én bai toan nhan dang ctr chi tinh, tuy chi
tién hanh thu nghiém trén tap cu chi han ché (chi c6 8 cur chi) nhung da dat dugc két
quéa dang khich 1&: detection rate dat 95% véi false alarm 1a 107,

Trong chuong tiép theo, chiing ta s& tim hiéu cu thé vé AdaBoost, Haar Feature

va mé hinh Cascade of Classifiers, tir 46 tim hiéu vé Cascade of Boosted Classifiers.
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Chuong 3. Céc co so 1y thuyét

Chwong 3 Cac co s& ly thuyét

3.1 Tiép can Boosting

Boosting 13 k¥ thuat dung dé ting do chinh xac cho cac thuat toan hoc (Learning
algorithm). Nguyén 1y co ban ctia n6 1a két hop cac weak classifiers thinh mot strong
classifier. Trong d0, weak classifier 1a cac bo phan loai don gian chi can c6 do chinh
xac trén 50%. Béng cach nay, ching ta néi bd phan loai da dugc “boost”.

Xét mot bai toan phan loai 2 10p (mau can nhan dang s& dugc phan vao 1 trong 2 16p)
v6i D 1a tap huin luyén gém ¢6 n mau. Trude tién, chiing ta s& chon ngau nhién ra n;
mau tur tap D (n;<n) dé tao tap D;. Sau do, chung ta s€ xay dung weak classifier dau
tién C; tir tap D;. Tiép theo, chiing ta xdy dung tdp D, dé huan luyén bo phan loai C..
D, s€ duoc xay dung sao cho mot nira s6 mau cua nd duoc phan loai dung boi C; va
ntra con lai bi phan loai sai béi C;. Bing cach nay, D, chira dung nhiing théng tin bd
sung cho C,. By gio chiing ta s& xdy huan luyén C, tir D..

Tiép theo, ching ta s& xay dung tip D; tir nhitng mau khong duoc phan loai tot
b1 su két hop gitra C; va C,: nhitng mau con lai trong D ma C;va C,cho két qua khac
nhau. Nhu vay, D; s& gdm nhitng miu ma C; va C,hoat dong khong hiéu qua. Sau
cung, chiing ta s& huan luyén bd phan loai C; tit D;.

Bay gid chiing ta dd c6 mot strong classifier: su két hop C;, C, va C;. Khi tién
hanh nhan dang mot mau X, két qua s€ dugc quyét dinh bo1 su thoa thuan cua 3 bo C,
C, va Cy: Néu ca C; va C, déu phan X vao cung mot 16p thi 16p nay chinh 13 két qua
phan loai cua X; nguoc lai, néu C,va C, phan X vao 2 16p khac nhau, C3 s€ quyét dinh
X thude vé 16p nao.
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Chuong 3. Céc co so 1y thuyét

Ciic b phin logi péu

Kt hop ode

bi phin logi

Hinh 5 - Boosting

3.2 AdaBoost

Adaboost (Adaptive Boost) [5] 12 mét tiép can boosting duoc Freund va Schapire
dua ra vao nim 1995. Adaboost ciing hoat dong trén nguyén tic két hop tuyén tinh cac
weak classifiers dé c6 mot strong classifier.

La mot cai tién cua tiép can boosting, Adaboost st dung thém khai ni¢m trong s6
(weight) dé danh dau cac mau kho nhan dang. Trong qua trinh huan luyén, ctr mdi
weak classifier dugc xay dung, thuat toan sé€ tién hanh cap nhat lai trong s6 dé chuan bi
cho viéc xay dung weak classifier ké tiép: ting trong s6 cta cic mau bi nhan dang sai
va gidm trong sd cua cic mau duoc nhan dang diing boi weak classifier vira xay dung.
Bang cach ndy, cac weak classifier sau c6 thé tip trung vao cidc miu ma cac weak
classifiers trudc né chua 1am tét. Sau cuing, cac weak classifiers s& duoc két hop tiy

A e

theo mirc d6 “tot” ctia chung dé tao dung nén strong classifier.
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Chuong 3. Céc co so 1y thuyét

C6 thé hinh dung mét cach truc quan nhu sau: dé biét mot anh c6 phai 13 ban tay
hay khong, ta héi T ngudi (twong duong voi T weak classifiers xay dung tir T vong 1ap
ctia boosting), danh gia cia mdi nguoi (twong duong voi mot weak classifier) chi can
t6t hon ngau nhién mot chut (ti 18 sai dudi 50%). Sau do, ta s& danh trong s cho danh
gi4 clia timg nguoi (thé hién qua hé s6 @), ngudi nao ¢6 kha nang danh gia tét cac mau
kho thi mtc do quan trong ctia ngudi do trong két luan cudi cing s& cao hon nhimng
nguoi chi danh gia tbt duoc cac mau dé. Viée cap nhat lai trong s6 cia cdc mau sau
mdi vong boosting chinh 14 dé danh gia d6 kho cua ciac mau (mau cang c6 nhiéu ngudi

danh gia sai 1a mau cang kho).

Di¥ ligu hudn luyén

Danh trong s6 ban dau r— 1
|
------------- -
Cap nhat lai trong s6 |
|
------------- b hy(x)

Cap nhat lai trong sb

Cap nhét lai trong sé

————————————— )
|

|

H(x) = ddu[ X e, (1]
k=1

Hinh 6 - Strong classifier H(x) xAy dung bing AdaBoost

Cac weak classifiers /;(x) dugc biéu dién nhu sau:

L pfi(x)< p,6,
0,otherwise

b (x) =

Trong do:
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Chuong 3. Céc co so 1y thuyét

Cong thire trén c6 thé dugc dién giai nhu sau: néu gia tri vector dic trung ctia mau cho
boi ham luong gia cua bd phan loai vugt qua mot ngudng cho trude thi mau 1a object

(461 twong can nhan dang), nguoc lai thi mau 13 background (khong phai dbi tuong).

X = (X, X3..., X,): vector dac trung cua mau.
¢ ngudng
f: ham luong gia vector dic trung ctia mau

pi: hé sb quyét dinh chiéu ctia bat phuong trinh

Thuat toan AdaBoost:

1.

Cho mét tip huén luyén gdm n mau c6 danh dau (xy, 1), (X1, ¥1)se-e.r (Xn,
V) VO1 X € X = (Xk1, Xp2, ..., Xkm) 12 vector dac trung vay, € {-1, 1} 1a
nhan ctia mau (1 Gmg véi object, -1 tng voi background).

Khoi tao trong s6 ban dau cho tat ca cac mau:

Wik =
n

Xay dung T weak classifiers
Lapt=1,..,T

e V&i mdi dic trung trong vector dic trung, xdy dung mot weak

classifier 4; v61 ngudng 6, va 101 &
n

€= z Wik
k

Chon ra %, v6i & nhé nhét, ta duoc ;.

NEWESA

X - {1,-1}
Cép nhat lai trong sO

w2k e " h(x, )=y
ek Z eal;hz('xk) # yk

t

Trong do:
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Chuong 3. Céc co so 1y thuyét

l1-¢.
o] a,:lln !
2 &;

0 Z:hésd dung dé dua Witk vé doan [0,1]
(normalization factor)

4. Strong classifier xy dung dugc

H(x) = ddu (i a,h, (x)j

Qua trinh huén luyén bd phan loai dugc thuc hién br:ing mot vong ldp ma & moi bude
liip, thuat toan s& chon ra weak classifier %, thuc hién viéc phan loai véi 16i & nhd nhét
(do @6 s& 1a b phén loai t6t nhat) dé bd sung vao strong classifier. Mdi khi chon duoc
1 b phan loai /,, Adaboost s€ tinh gia tri ¢, theo cong thuc & trén. ¢, cling dugc chon
trén nguyén tic lam giam thiéu gia trj 161 &,

Hé s6 ¢, noi 1én mic d6 quan trong cua A;:

e Trong cong thurc cua bd phan loai H(x):

H(x) = déu(ZT: ah, (x)J

t=1
Ta thdy tat ca cac bd phan loai %, déu c6 dong gop vao két qua phan loai cta
H(x), va mtc do dong gop cua chung phu thudc vao gié tri ¢, tuong tng: 4,
voi ¢; cang 16n thi nd cang c6 vai tro quan trong trong H(x).

e Trong cong thirc tinh o
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Chuong 3. Céc co so 1y thuyét

Dé théy gia tr1 o ti 1€ nghich voi g. Boi vi A, duoc chon voi tiéu chi dat &
nho nhat, do d6 n6 s& dam bao gia tri @, 16n nhat. Céng thirc nay do Freund
va Schapire dua ra [5].
Sau khi tinh dugc gia tri ¢, Adaboost tién hanh cap nhat lai trong s6 cua cac mau: tang
trong sb6 cac mau ma A, phan loai sai, giam trong 6 cac mau ma A, phan loai ding.
Bang cach ndy, trong sd cia mau phan anh dwoc mirc d6 kho nhan dang ctiia mau d6 va
h,+; s& wu tién hoc cach phan loai nhitng mau nay.

Vong lap xay dung strong classifier s& ding lai sau 7 1an l3p. Trong thuc té cai
dat (thu vién OpenCV cua Intel), nguoi ta it st dung gia tri 7' vi khong c6 cong thic
nao dam bao tinh duoc gia tri 7t6i wu cho qua trinh huin luyén. Thay vao d6, nguoi ta
stir dung gia tri max false positive hay max false alarm (ti 18 nhan dang sai tdi da cac
mau background). Ti 1¢ nay cua bd phan loai can xay dung khdng dwoc phép vugt qua
gia tri nay. Khi d6, qua cac 1an 1ap, false alarm cia strong classifier H,(x) xay dung
duoc (tai 1an 13p thir 7) s& giam dan, va vong lap két thic khi ti 16 nay thap hon max

false alarm.

3.3 Haar Feature

Haar Feature [2] 1a mdt loai déac trung thuong duge dung cho bai toan nhan dang
trén anh. Haar Feature dugc xay dung tir cac hinh chit nhat c¢6 kich thudc bang nhau,
ding dé tinh d¢ chénh léch giira cac gia tri ¢iém anh trong cac ving ké nhau. Trong
hinh 7a va 7b, gia trj cta feature cho boi 1 anh bang hiéu sé giita tong cac diém anh
thudc 2 ving hinh chir nhat sng va tdi. Trong hinh 7c¢ thi gia trj feature bang téng cac
diém anh trong 2 viing hinh chir nhat bén ngoai trir cho tong cac diém anh trong hinh
chir nhat ¢ giira. Trong hinh 7d, gi4 trj feature bang tong cic diém anh nim trong ving

2 hinh chit nhat mau téi trir cho téng cac diém anh nam trong 2 hinh chit nhit mau sang.
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Chuong 3. Céc co so Iy thuyét

- W- >
- A
E
Anh Y
A Feature x2 B. Feature y2
. Feature x3 D. Feature x2-y2

Hinh 7 - Haar Feature co ban

Loi ich cuia Haar feature 1a n6 dién dat dugc tri thurc vé cac doi tuong trong anh
(boi vi no6 biéu dién moi lién hé gitra cac bd phan ctuia doi tugng), di€u ma ban than

tirng diém anh khong dién dat duoc.

—— N

Hinh 8 - Haar Feature cho mit nguoi
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Chuong 3. Céc co so 1y thuyét

Trong qua trinh huan luyén, sé luong xir 1y trén cac Haar Feature 1a rat 16n, viéc
tinh tong cac diém anh cho boi timg feature 1am cho thoi gian xir 1y ting dang ké. Dé
khic phuc diéu nay, Viola va Jones da dua ra khai niém Integral Image [3] dé tinh toan
nhanh cho khac feature co ban, Lienhart [4] ké thira (g0i Integral Image 14 SAT —
Summed Area Table) va dua ra thém khai niém RSAT — Rotated Summed Area Table dé
tinh toan nhanh cho céc feature xoay 1 goc 45°.

Integral Image (hay SAT)

A B
1 2
SAT(xY) N
(a) i)

Hinh 9 - SAT(x,y) va cach tinh tong cic diém anh trong mét hinh chir nhat bat ki

V6i dinh nghia integral image tai diém (x,y) 1a:

JAT(xy)»= ¥ Ix')).

*'Sx 'S
mdi phan tir ciia bang SAT c6 thé duoc tinh nhu sau:
SAT =547 x, y-11+84T(x—1, v)+Hx, -S4 T(x-1,p-1)
V61 SAT(-1,y) = SAT(x,~1) = SAT(-1,-1) = 0
Khi d6, tong cac diém anh trong mot hinh chir nhat bat ki c6 thé tinh nhanh dya trén

integral image tai 4 dinh cia n6 Sum(D) =4+1-(2+3).
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Chuong 3. Céc co so 1y thuyét

Rotated Summed Area Table (RSAT)
- w -

oS

(b)

Hinh 10 - Haar Feature xoay 45° do Lienhart dé nghi

N

RSAT(x.y)

(a) ()
Hinh 11 - RSAT(x,y) va cach tinh téng cac diém anh trong mdt hinh chir nhit xoay 1 géc 45°
Integral image tai mdt di€m (x,y) dugc dinh nghia:

RSATx,v)= ¥ Iix'y').
VEpy ]

Mdi phén tir cia bang RSAT duoc tinh nhu sau:

REATx,v)=REANx—1,y-1 RS54 Tx+1, -1 RS54 Tix,1-2)
+I(xy+Iixy-1)

Trong d6
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Chuong 3. Céc co so 1y thuyét

RSAT(-1,y)=RS5ATx,—-1)=R54T(x,-2)=0

R54T-1,-1)=RS4T-1,-2)=0
Khi do, téng cac diém anh trong mQt hinh chir nhat xoay 45° bét ki c6 thé duoc tinh

nhanh dua trén integral image tai 4 dinh cia nd Sum(D)=4+1-(2+3).

3.4 Cascade of Classifiers

Céc bo phan loai tot thuong ton rat nhiéu thoi gian dé cho ra két qua phén loai boi
vi n6 phai xét rdt nhiéu dic trung cia mau. Tuy nhién, trong cdc mau dua vao, khong
phai miu nao ciing thudc loai khé nhan dang, c6 nhitng mau background rat dé nhan ra
(ta goi day 13 nhitng mau background don gian). Péi voi nhitng mau nay, ta chi can xét
mot hay vai dac trung don gian 1a co thé nhan dién dugc chi khong can xét tat ca cac
dic trung. Nhung d6i voi cac bo phén loai thong thuong thi cho dit mau can nhan dang
1a d& hay khoé thi n6 van s& xét tit ca cac dic trung ma no rat ra duge trong qua trinh
hoc. Do d6, chiing ton thoi gian xir Iy mot cach khong can thiét.

Cascade of Classifiers [3] duoc xy dung chinh 1a nham rit ngén thoi gian xtr 1y,
giam thiéu false alarm cho bd phan loai. Cascade tree gdm nhiéu stage (hay con goi 1a
layer), mdi stage ctia ciy s& 13 mot stage classifier. Mot mau dé duoc phan loai 1a dbi
tuong thi né can phai di qua hét tit ca cac stages cua cdy. Cac stage classifiers & stage
sau dugc hudn luyén bang nhimg miu negative ma stage classifier trudc né nhan dang
sai, tire 1a nd s& tap trung hoc tir cac mau background kho hon, do d6 su két hop cac
stage classifiers ndy lai s& giup bo phan loai ¢ false alarm thap. Vi cu trac nay,
nhimg mau background d& nhan dién s& bi loai ngay tir nhitng stages dau tién, giup dap
g t6t nhat d6i véi d6 phirc tap gia ting ctia cac mau dua vao, dong thoi gitp rat ngan

thot gian xur 1y.
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Anih Bidi tueng

=
=]
=
-
U

Khéng phai dbi twong

Hinh 12 - Cascade of Classifiers

3.5 Cascade of Boosted Classifiers

Cascade of Boosted Classifiers 1a mo hinh Cascade of Classifers voi moi
classifier dugc xay dung bang AdaBoost str dung Haar Feature. M6 hinh nay da duoc
Viola va Jones st dung rat thanh cong trong bai toan nhan dang mat ngudi (Face
Detection) [1]. Vi tap hudn luyén gdm 4196 hinh mit nguoi duge dua vé anh
grayscale kich thudc 24x24 va 9500 hinh background, Viola va Jones da xay dung cu
truc cascade tree gém 38 stage voi téng cong 6060 haar features. Thuc nghiém da cho
thay classifier & stage dau tién st dung 2 features va loai dugc khoang 50% mau
background (non-face) va cé detection rate 1a 100%. Classifier ¢ stage thur 2 sit dung
10 features loai duoc 80% mau background van vdi 100% detection rate. Hé théng nay
duoc so sanh voi hé thdng ctia Rowley-Baluja-Kanade [11] (st dung neural network),
Schneiderman-Kanade [12] (st dung phuong phéap théng ké), va cho thiy ti 1& nhan
dang 13 ngang nhau, trong khi hé thong ctia Viola va Jones chay nhanh hon dén 15 1an
s0 voi hé théng ctia Rowley-Baluja-Kanade va nhanh hon 600 1an hé théng cua
Schneiderman-Kanade.

Bén canh d6, mo hinh nay ciing dugc Eng-Jon Ong va Richard Bowden &p dung
thanh cong trong bai todn nhan dang ban tay (Hand Detection) [14]. Do ban tay c6
nhiéu bién dong hon so v6i mit ngudi, Ong va Bowden di st dung phuong phap hoc
khong giam sat (unsupervised learning): tién hanh phan cum cho tat ca cic mau trong
tap huan luyén chtra 2504 hinh ban tay chup ¢ nhiéu tu thé khac nhau bang thuat toan

K-mediod clustering. CAu trac bd nhan dang cia Ong va Bowden gdm 2 16p: 16p & trén
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Chuong 3. Céc co so 1y thuyét

1a 1 Cascade of Boosted Classifiers dé nhan dang so bd ban tay, 16p bén dudi 1a timg
Cascade of Boosted Classifiers tng véi tirng cum dugc chia bang K-mediod. Két qua
thu duoc rat kha quan, cAu tric cascade ctia bd nhan dang & 16p trén gém 11 stage voi
téng cong 634 weak classifiers da dat ti 1€ nhan dang 1a 99.8% trén tap test, con cac bo
cascade ¢ 16p dudi co ti 1€ nhan dang trung binh 1a 97.4%.

Bai toan phan loai cur chi tuong tu nhu bai todn hand detection cua Ong va
Bowden nhung phtic tap hon. Trong bai todn ctia ho, mot mau chi can thoa mot trong
cac bd nhan dang ing véi cac cluster thi duoc xem la ban tay. Trong thuc té, co nhirng
mau von thudce vé cluster 1, nhung bd nhan dang cluster 1 cho két qua n6 khong thude
cluster 1, trong khi bd nhan dang cluster 2 lai cho rang n6 thudc vé cluster 2. Khi do, 1o
rang ca 2 bo nhin dang déu cho két qua sai nhung miu nay van dugce xem 1a mot test
thanh cong cia by nhan dang ban tay, vi mau dugc dua vao van dugc danh gia 1a ban
tay. Con d6i voi bai toan nhan dang cir chi, néu xem cac bo nhan dang timg cir chi (A,
B, C ...) tmg v6i1 cac bg phan loai cluster & trén thi truong hop tuong tu s€ la mot test
that bai (bdi vi cho két qua phan loai sai).

Bén canh do, thuat toan K-mediod cling khong 4p dung dugc vi bai toan phan loai
cu chi 1a bai toan hoc giam sat (cac 16p da dugc qui dinh trude). Ngoai trir nhitng khéac
biét trén, nhin chung thi bai toan phan loai ctr chi véi bai toan hand detection 13 giéng
nhau. Do d6, mdt mé hinh cho két qua tt trén bai toan hand detection ciing c6 thé cho

két qua tot trén bai toan phan loai ctr chi.

3.6 Danh gia

Trude khi ¢6 hé théng cta Viola va Jones, hé thong ctua Rowley [11] dugc danh
gia 1a bo face detecton co toc dd nhanh nhat. Hé théng cua Rowley thuc chit cling la
mot cAu triic cascade v4i 2 neural networks: neural network thir nhat kha don gian
nham muc dich chinh 13 loai b6 cac hinh background c6 dd khé thap, neural network

tht 2 phtic tap hon, ddm nhiém viéc nhan dang cac mau di qua neural network thir 1.
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Diéu nay chimg té cach to chirc cascade nham loai nhanh cac mau c6 do phirc tap thap
thuc su déy nhanh tdc do caa hé théng.

Y tudng cua Viola va Jones khi dua ra Cascade of Boosted Classifiers that ra
cling tuong tu vay, nhung né mo rong 2 stages thanh 38 stages cuia Cascade Tree. H¢
thdng cua Viola va Jones cang chimg to kha nang ting té¢ ciia md hinh cascade khi dat
tdc @6 nhanh hon hé théng ctua Rowley va hé thong cua Schneiderman-Kanade (von
khong hé st dung cascade) lan lugt 15 1an va 600 lan.

Trong bai viét [1], Viola va Jones cling da tién hanh so sanh hé thong sir dung
Cascade of Boosted Classifiers vo1 mot hé théng chi c6 mot bo phan loai duy nhét xay
dung bang AdaBoost véi tong s6 Haar Features st dung 13 200. Két qua 13 hé thong
theo mo hinh Cascade of Boosted Classifiers nhanh hon dén 10 lan.

Ly do ma cAu truc cascade dat téc do nhdn dang nhanh chinh 14 nho né sém loai
b6 duoe cac mau background don gian (thuong c¢6 sb lugng 16n hon nhiéu so véi cac
mau chira object — cac mau thyuc sy can tién hanh nhan dang).

Bén canh do6, hé théng cua Viola va Jones ciing dat duoc d0 chinh xac cao tuong
duong cac hé théng khéc 1a nhé thuét toan ciu tric cascade cac bo nhan dang duoc
huan luyén bang AdaBoost véi dic trung Haar Feature mo ta tot thong tin d6i tuong,
cung véi cach tinh Integral Image tinh nhanh cac features, khong 1am giam téc d6 nhan
dang ciia hé thong.

Nhu vay, mé hinh Cascade of Boosted Classifiers that sy 1a mot cach tiép can tot
ca vé toc do6 13n kha nang nhan dang, rat phu hop véi bai toan nhan dang cur chi.

Tuy nhién, bai todn cling ddt ra mot s6 kho khin vé sb luong mau va thoi gian huin
luyén. AdaBoost doi hoi phai c6 s6 luong mau rt 16n (t6i thiéu phai 1én dén hang
nghin) dé huan luyén dugc bd phan loai hiéu qua. H¢ théng nhan dang mat nguoi cua
Viola va Jones can dén 4916 anh mit ngudi. V6i bai toan phan loai 24 ctr chi, néu mdi
ctr chi can dén 4000 mau thi téng s6 mau s& 1a 96000 mau. Viéc thu thap du sO lugng

mau nay la mét tré ngai rat 16n. Bén canh do, do s6 lugng mau nhi¢u, dong thoi so
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luong Haar Feature xir 1y 16n nén thoi gian hudn luyén rat lau. Chi huan luyén 1 bo
nhan dang cir chi A véi 1000 méu positive va 1000 mau negative d3 mat dén 14 giod
(trén may P4 2.0Ghz, 512 MB RAM). Do d¢, vi¢c xay dung toan bd hé théng phan loai
24 ctr chi s& t6n rat nhiéu thoi gian (phai ké ca viéc trong qua trinh thir nghiém sé& c6
nhitng 14n huén luyén that bai, budc phai tién hanh huan luyén lai). Chuong tiép theo s€

13 phan trinh bai chi tiét viéc ap dung mo hinh cascade 1én bai toan phan loai ctr chi.
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Chuong 4. Phan loai ctr chi véi Cascade of Boosted Classifiers

Chwong 4 Phan loai ctr chi v&i Cascade of

Boosted Classifiers

4.1 B6 nhan dang 1 cw chi
B0 nhan dang cho 1 cir chi ¢6 chtic ning nhan dang mot mau c6 thudce vé mét cur
chi d6 khong. Bo nhan dang nay duoc xay dung theo ciu triic Cascade of Boosted

Classifiers.

Mau A-Detector A

F

k4
L4

¥
Khdng phai
A

Hinh 13 - By nhin dang cir chi A

4.1.1 Tap huan luyén

Tap huin luyén bao gdm cac miu positive (d6i tugng can nhan dang) va
negative (mau khong chira dbi tuong). Trong bo nhan dang 1 cir chi, cac mau
positive 1a cac hinh chup cua cir chi d6 dd qua chuan hoa: kich thude 32x32 va
dugc chuyén vé anh grayscale. Cc mau negative bao gom tat ca cac anh khong
lién quan dén ctr chi can nhan dang: cac hinh background nhu nha cira, xe o, ciy
cbi, mat ngudi... va anh cla cde cir chi khdac. Hinh 14 13 18 mau chit A chuyp tir 18

nguoi da qua chuan hoa.
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WMMUMI
= ¥ E E
A EE P

Hinh 14 - Cic miu positive cho bd nhan dang chir A

AP

didldld]e

Hinh 15 - Cic miu negative (B, C, D) cho b nhin dang chir A

Khong nhu cac méu positive ¢ kich thude ¢d dinh, cac miu negative trong tip
huan luyén c6 thé c6 kich thudc tity ¥ nhung phai 16n hon kich thude mau
positive. Trong qua trinh huan luyén, cac weak classifiers s& hoc tir cic mau
positive trong tap hudn luyén va cac mau negative 13 cac ving anh (sub window)

trich ra tir cAc mau negative trong tap huan luyén.
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Téap huén luyén Téap huén luyén cua
cac weak classifiers
@
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g} e Neg Neg
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Hinh 16 - T4p huén luyén ciia cac weak classifiers

4.1.2 Pac trwng

Khoéa luan str dung cac loai Haar Feature sau:

1. Edge features

u:@@

(a) () (@

. Line features
i M- Q §§
@ () © d) ©)

3. Center-surround features
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. Special diagonal line feature

u

. Double L

-

Hinh 17 - Cac Haar Feature sir dung trong by nhin dang 1 cir chi

3

I

=
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Chuong 4. Phan loai ctr chi véi Cascade of Boosted Classifiers

Ngoai tru feature 5 do khoa luén dua ra, cac feature con lai déu duoc léy tur [4].
Hé théng dac trung trén bao gém ca Haar Feature co ban (1a, 1b, 2a, 2b, 2c, 2d,
3a, 1, 5) va cac Haar Feature mo rong (xoay 45°- 1c¢, 1d, 2e, 2f, 2g, 2h, 3b). Cac

feature nay déu duoc tinh toan nhanh nho vao khai niém Integral Image.

4.1.3 Xay dwng bdé nhan dang v&i AdaBoost

Vi 16 loai feature sir dung va vai kich thude mau positive 1a 24x24, tap
feature (Feature Pool) cuia chiing ta co khoang 160000 feature. Tuy nhién, khong
phai feature nao ciing thyc hién tot viéc phan loai ma chi c6 mot s6 lwong nhod
trong s6 160000 feature nay la thuc sy hitu dung. Nhi€ém vu cua bg phan loai 1a
phai tim ra dugc cac feature nay.

Mobi weak classifier gom c6 1 feature va 1 ngudng, ngudng nay chinh 1a gia
tri ciia mOt mau cu thé cho boi feature nay (Vén dé cua thuat toan 1a phai tim duoc
mau nao dung 1am ngudng). Nhu vay, véi N mau va M features thi s6 weak
classifier co thé c6 1a M x N, tie 1a v6i 2000 mau cho mdt cir chi va 160000
features thi hé thong s& phai chon duoc 1 weak classifier trong sb
160000 x 2000 = 320000000 weak classifiers trong mdi vong lip boosting.

AdaBoost dugc thiét ké dé c6 thé chon nhanh céc features, cling 13 chon
nhanh cac weak classifiers. Thuat toan sir dung ¢ day la Gentle AdaBoost [4], mOt
bién thé ciia AdaBoost. Gentle AdaBoost dé xdy dung bo nhan dang cho 1 cir chi

nhu sau:

Thu tuc CreateClassifier:
1. Cho mét tip huin luyén gdm » miu (x, y) véix € X,y € {-1,+1}
2. Chon trudc min detection rate va max false alarm
3. Xay dung tap feature va tinh toan cac bang SAT va RSAT cho tt ca cac
mau trong tap hudn luyén.

4. Khoi tao trong so ban dau cho tat ca cac mau
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e V&i mdi dic trung trong tap dic trung, xay dung mot weak
classifier 4; v61 ham phéan loai f,, ngudng 6, va tinh gia tri 161 & cua

bd phén loai nay

&= Zn:wt,k
k

e T cac h; da co, chon ra /; c6 ¢ nho nhat, ta duoc A,

h(x)=g,(f,(x),6,): X - R

hy(x,) = y,|

e Cap nhat lai trong s0:

w
k —yih
Wt+1k: t X e Yichy (xg)
’ Z

t

Vol Z, = wal,k la normalization factor.
k

* F,(x)=)_ h(x), tinh ngudng 6

i=1

L,F(x)>0
H,(x)=
_LF(x) <0
Chodénkhi 1, ., . 4 < max_false_alarm
k=1

6. B0 nhan dang H(x)

oo [LFz0
=10, F) <0

voi F(x) = Fy(x)
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Moi weak classifier A,(x) s& dugc chon bang cach tinh gié tri cua ting feature cho
tat ca cac mau trong tap huan luyén f{x,) va sip xép cac mau theo thi ty ting dan

cua gia tri nay:

r———FF - " " -"-""""">"">"™"”/""™"”"”"”"”"”"”/"/""7//7/7 |
1
I g _f:r(xd-:"'_j;(xj:' :
[ L o I
| ’ |
|
I = — = 57 -5
1 ] Wpc:ls.i ] Wmegi +1 i ww:r ] w?eegr +1 :
: 7wy 5 3w, |
left = = right = = |
| f o £ 2 |
| |
| |
: lerror = min (D] w0 > W) rerrar = minf > W ey 2 W) :
| |
1 |
I + + = + = = = + |
| |
: Wi Wi Wiy Wig Wis Wi Wiz Wig :
| fi(x;) | fulxa) | filxs) | filxa) | filxs) | fi(xe) | filxs) | fi(xe) I
| |
| |
| o |
1 £ -

I Sap tang theo f(x) |
L e e e e e e o e e e e e o — — — — — — — — — — — — "]
=S = I ————————————————— 1
I| Feature 1 :
—1——1——1t——— ——— 1 ———1 IL
Feature 2
Feature n

Hinh 18 - Cach chon weak classifier ciia AdaBoost

Feature dugc chon la feature thuc hién phan doi tap huin luyén véi 16i
& = lerror + rerror nhd nhat.

Lo S <6
= ight, £ () >= 0

Sau mdi vong ldp cua boosting, ta xay dung thém dugc mot weak classifier, ta co
thé xay dung duoc mot strong classifier méi tir sy két hop ciia cac weak

classifiers c6 duoc cho téi1 1an boost hién tai:
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Fix) =3 A, ()
L [LE@>=0
=1 F (<0

Gia tri ngudong € dugc chon nho vao gia tri min detection rate (hay min hit rate).
min detection rate 1A ti 1¢ nhdn dang diing t0i thiéu cdc mdu positive ma bd phan
loai phai dat, gia tri ndy do chung ta xac 1ap khi bit ddu qu4 trinh huén luyén.
Bang cach sip xép cac mau positive x, theo F,(x;) ting dan:

min_hit rate = 0.997

(1 - min_hit_rate)*8 = 0.024
8=F(x) e

-~

+ + + + + + + +

FI[xl'! Fl{xl] Fl{x%] FL{NJJ FL{-’“] FL{N{J FL{X‘."} Flix.ij

™
-

Sap tang theo Fi(x)

Hinh 19 - Chgn ngudng 0 dua vao min detection rate

Trong hinh 19, min detection rate dugc chon 1a 0,997, nghia la ti 1¢ nhan dang
dung cac mau positive khong dugc thip hon 99.7%. Do d6, phan tir dugce chon
1am ngudng 1a miu dau tién trong danh sach sip ting. Gia tri ngudng Onay dam
bao c6 it nhat 99.7% cac mau positive s& ¢o F,(x) >= 6. Néu ta chon min
detection rate 14 0.5, khi @6 (1-min detection rate)*s6_mau = 4, phan tir thir 4 cta
danh sach cac mau sé dugc chon lam ngudng, nhu vay s€ chi c6 4 mau trong s6 8
mau positive 1a dugc nhan dang ding.

Ngudng co y nghia rit quan trong, ngudng cang nho thi kit rate s& cang cao

nhung false alarm cling tang theo va nguoc lai.
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Sau khi c6 duoc H,(x), van dé can xem xét 12 liéu bo phan loai nay co du tdt
chua, nghia 13 gia trj 16i cua né da thap hon max false alarm hay chua. Max false
alarm 1a mot gia tri dugc xac 1ap trudce khi tién hanh huan luyén. False alarm (hay
con goi 14 false positive) 13 ti 1& nhan dang sai cac mau negative. Vi du, néu max
false alarm = 0.5 thi trén 100 mau negative, né phai nhan ding it nhat 13 50 mau
(50 mau con lai bi phan loai nham thanh positive). Vong lap xay dung strong
classifier s& két thuc khi gié tri false alarm cua strong classifier nay thap hon max

false alarm.

4.1.4 Cascade of Boosted Classifiers
Bo nhédn dang 1 ctr chi 14 1 ciu tric cascade gdm K stages, f;, d; 1an luot 12
max false alarm va min detection rate cua stage classifier & tang thi i, max false

alarm va min detection rate cua cascade tree s€ lan luot la:

Trén 1y thuyét, cac stage classfiers s& co max false alarm va min detection rate
khéc nhau, céc classifier & cac stage cang sau thi max false alarm s€ cang 16n va
min detection rate cang nho do n6 hoc trén cic mau kho hon. Tuy nhién, trong
thuc té cai dat, chung ta khong thé biét chinh xac sb stage ma cascade tree s& c6
trude khi tién hanh huin luyén, dan dén kho khin trong viéc chon gia tri max false
alarm va min detection rate cho mdi stage classifiers. Do d6, trong phan cai dat
cua bai toan nhan dang cur chi, max false alarm va min detection rate dugc xac lap
bang nhau & tit ca cac stages. Khi d6, max false alarm va min detection rate cia
bd nhan dang lan luot 13 F = fX va D=d*.

Thuat toan xay dung cascade tree:
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o Xac lap max false alarm ', min detection rate d cho cac b0 phan loai &
mdi tAng va sd stage tdi da cascade tree s& co
e Tinh false alarm F cho by phan loai chinh (cdy phan 16p)
e Fy=0,i=0
e p,nlasb lugng miu positive va negative
e Py, Ny la tap positive va negative cho bd phan 16p & tang dau tién
e Trongkhi F;>F
0 Huén luyén bd phan loai H; tir tap P; va N; voi detection rate d va max
false alarm f(thu tuc CreateClassifier)
0 Thém H; vao cay phan l6p
0 Dung cdy phén 16p hién c6 dé tinh F;, ;: Duyét qua N mau negative cho

den khi nao tim du » mau ma cay phan 16p hién c6 phan loai sai

0 Néu F,, > F, dua n mau negative trén vao N, ; xay dung P;,; vi toi
da p mau positive ma cay phan 16p hién c6 phan loai ding.

0O i<«i+l

Qua thuat toan trén ta thiy, cac mau negative trong tap huan luyén cua stage
classifier sau s& 1a nhitng mau negative ma stage classifier truéc né nhan dang sai.
Nhu véy, nd c6 diéu kién tap trung hoc nhitng mau background khé. Trong bo
nhan dang cur chi A xay dung duogc, stage classifier thir 2 phai tim trong 5055
vung anh background dé c6 thé dua vao tip huin luyén cia minh 1791 miu
background. Diéu nay c6 nghia 14 trong s6 5505 mau background thi stage
classifier thir 1 3 dé bi sai 1791 mAu. Tuy nhién, stage classifier thir 3 phai tim
trong 17023 mau background méi 1y dugce 1791 mau background dua vao tap

huan luyén — tirc 1a sy két hop stage classifier 1 va 2 chi nhan dang sai 1971 mau
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trong s6 17024 mAu background (xtr Iy background tét hon khi chi st dung stage
classifier 1). Dén stage classifier cudi cung thi cin phai tim trong s6 42818355
mau background dé c6 thé chon ra 1791 méu background cho minh, tirc 12 dat
duoc gia tri false alarm khoang 0.00004 1. Nhu vy ta thiy cac stage classifier
duogc xdy dung sao cho su két hop cua chung xtr 1y rat tot cac mau background.
Pay chinh 13 Iy do ma ciu trac cascade giup cho bo nhan dang giam thiéu false
alarm, va cling 1a tang ti 1¢ nhan dang cho h¢ théng. Déng thoi, cu trac nay cling
du thong minh dé biét phai loai mét mau background & stage nao tuy thudc vao do
phtc tap cua chiing, chir khong nhat thiét phai goi dén tat ca cac stage classifiers

d6i véi moi mau background — chinh diéu nay d gitp ting toc d6 nhan dang.

4.1.5 Hoat dong cua bdé nhén dang ctr chi

Khi dua mdt anh vao nhan dang, bd nhan dang s€ phai xét tAt ca cac vung
anh vé6i kich thudc khac nhau trich ra duoc tir anh nay dé c6 thé dua ra két qua.
Kich thuéc khai dau ciia ving anh s& 1a mot window bang voi kich thuée cua
mAu positive trong qua trinh huan luyén, tirc 1a 24x24. Cac window nay s& dugc
dich theo chiéu ngang va doc 1 lugng tir 1 dén 2 pixel cho dén khi phu kin anh
can nhan dang. Sau d6, window s& duoc mo ra véi ti 16 1.1 (gia tri nay nguoi dung
duogc phép thay ddi khi tién hanh nhan dang) va tiép tuc qua trinh duyét anh nhu
trén cho dén khi window duoc mo ra bang kich thudc anh.

Nho ¢6 cdu tric cascade, cac ving anh khong lién quan bi loai nhanh tir

nhiing stages dau tién.
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Hinh 20 - Céc ving anh khéng lién quan (nét manh) sé bi loai ngay tir nhirng stages dau tién
Trong qua trinh trich viung anh, s€ c6 cac vung co vi tri va kich thude tuong tu
nhau. Céc vung nay c6 thé déu dugc bo nhan dang tra vé true, khién cho 1 ctr chi

dugc nhan dang nhiéu hon 1 lan.

Hinh 21 - Khic phuc truwong hop nhiéu ving anh ké cin nhau bing cach liy viing dnh trung binh
Pé khic phuc diéu nay, trén cac vung anh dugc bo nhan dang danh gia 1a cur chi,
mg dung nhan dang s& tim va nhdm cac vung anh twong ty nhau bang cach thay
ching bang 1 viing anh duy nht c6 dugc bang cach 13y trung binh cua cac ving
anh nay.

Qua thyue nghiém, ta thdy sé lugng ving anh twong ty nhau ciing c6 tac dung

trong viéc diéu chinh giita hit rate va false alarm. Do ti 1¢ nhan dang khong phai
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100% nén khi tién hanh nhan dang, co thé ¢ vai mau background s¢& bi nham 1a
ctr chi (nhu chiéc dong hd trong hinh bén trai ctia hinh 21). Trong khi ban tay
trong hinh dua vao ludén co nhiéu hon 1 vung anh chtra né dugc bo nhan dang
danh gid 13 ctr chi, cac mau background bi nhan dang sai thuong nam tach biét
(chiéc ddng ho chi ¢6 1 ving anh dung nhat 1a dwgc danh gia 1a ctr chi). Do do,
mg dung nhan dang st dung khai niém min neighbor, tic 14 s6 ving anh tuong ty
nhau tbi thiéu phai c6 d¢é mot viing anh c6 thé dugc phan loai 14 cir chi. Gia tri nay
duoc ngudi dung xac 1ap khi tién hanh nhan dang. Trong hinh 21, v6i min
neighbor 14 2, chiéc ddng ho sé& bi loai, tirc 12 giam false alarm. Tuy nhién, can
phai than trong trong viée sit dung min neighbor, vi néu chinh min neighbor qua
16n, c6 thé lam giam ludn ca kit rate. RS rang véi hinh 21 néu xéac 1ap min
neighbor 1 3 thi khong chi cé chiéc dong ho ma ca ban tay ciing bi loai vi n6 chi
c6 2 vung anh. Véi cac bd nhan dang cur chi xay dung thi gia tri min neighbor 1a 5
cho két qua t6t nhat.

Bén canh do, co thé trong vi¢c nhan dang con ton tai van dé cac vung anh

l6ng vao nhau.

Hinh 22 - D6i véi cac viing dnh 16ng nhau, cic ving danh bén trong sé bi loai bo
D061 vi cac truong hop nay, ing dung chi can don gian 1a loai bo tat ca cac vung

anh ¢ bén trong, chi gitr lai vung anh ngoai.

40



Chuong 4. Phan loai ctr chi véi Cascade of Boosted Classifiers

4.2 B6 phan loai cw chi

B0 phan loai cur chi 1a mot bd phan loai dugc xay dung dua trén sy két hop cac bo
nhdn dang mot ¢t chi da trinh bay ¢ trén. Pau vao cia bd phén loai nay 1a mot 4nh
mau, dau ra 13 16p cta anh nay (A, B, C ... hay Y).
Cac bg nhan dang mot ctr chi (vi du bo nhan dang chit A) co thé duoc két hop theo
cach tiép can one against all truyén thong. Tuy nhién, trong hé thong 24 cir chi, co rat

nhiéu ctr chi kha gidng nhau, nhitng ctr chi nay c6 thé duoc gom chung lai thanh 1
FEIEIET | | R
E = T l M
= H F L WY i

Hinh 23 - Cic cir chi gidng nhau trong hé théng 24 cir chi

nhom.

Mbi nhém cir chi s& duge xay dung mot bo nhan dang nhém (nhan dang moét ctr chi co
thudc vé nhom nay hay khong). Duéi cac bd nhan dang nhom nay sé& 14 cac bo nhan
dang cua timg cur chi thude vé nhom d6. Mot mau dua vao sé di qua tuan tu cac bo
nhan dang tir trén xudng dudi cho dén khi nao n6 duge phan vao mot 16p cu thé hay

duogc cho 1a khong phai mot cu chi.
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Anh

B& nhén dang F B nhén dang F Bé nhan dang F Bé nhan dang F B& nhén dang _I
A-E-5-T G-H N M- R-LI-WeY Y
T l T i T i
Bé& nhandang | F .= o —
G _ G b nhén dang cic o chi con lai ™
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¥

B nhan dang | F B nhandang | F | BAnhandang | F
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Hinh 24 — Céu triic bd phan loai cir chi
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Chwong 5 Két qua thir nghiém

Chuong nay s& trinh by vé phuong phap thuc hién cac thi nghiém, bao gom cach
xay dung b dir liéu huén luyén, bo dit li¢u test va céc két qua dat duoc, déng tho1i so

sanh két qua chung em dat dugc vdi cac paper ¢o lién quan.

5.1 Tap huan luyén

Chiing em di thyc hién thu thap khoang trén 1000 mau ctia 50 nguoi khac nhau
bang webcam Colorvis v6i do phan giai 320x240 trong nhiéu diéu kién méi truong
khac nhau: duéi anh sang dén neon, anh sang tir nhién vao cac thoi diém khac nhau...

sau d6 loai trir cic mau khong dat chét luong dé con lai khoang 750 mau.

Hinh 25 - Hinh chup bing Webcam

Nhitng nguoi duge chon lam mau sé thuc hién lan luogt 24 dong tac tuong ung voi 24
mAu chif cai trén mot phong nén mau den. Sau d6 cac hinh chup dugc s& dugc cat lai
sao cho mau ban tay s& nam trong mot hinh vudng dua trén mot tiéu diém cua timg ky
tu dé dam bao céc tiéu diém do sé gitip phan biét chit nay vdi cac chit con lai. Vi du:

Gid str chung ta can cat mau chir B, ching ta s€ lan lugt lam nhu sau:
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Hinh 26 - Hinh chup chir B
Chu ¥ ring, chd ngdn céi gap vao cua chit B chinh 14 tiéu diém. Ching ta s& phan biét
duoc chir B so v&i cac chit cai con lai 1a nho vao vi tri d6. Do dé ching ta s€ tién hanh

chon vi tri d6 lam vi tri chuan dé cat hinh

Hinh 27 - Tiéu diém caa ci chi B

Sau do, cat sao cho ban tay nam trong mét hinh vuong, réi [am tuong tu vdi cac hinh
mau khéc sao cho vi tri ti€u di€m cua céc hinh ctia cung 1 cur chi phai c6 vi tri tuong

doi giong nhau trong hinh vudng can cat.
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Hinh 28 - Hinh chit B sau khi cit
Tiép dén, trong tat ca cc mau chup duoc, chung em chon mau c6 kich thuéc nho nhat,
roi giam kich thudc cua tit ca cac hinh con lai vé kich thudc niy. Sau d6 tir mdi mau
nay, chung em s& cho phat sinh ra 20 mau twong g bang cac phép quay tir -5 dén +5
d, dich chuyén trong khoang tir -1 dén 1 pixel, giam hodc ting d6 sang t6i, phong to,
thu nho ban tay di 0.1... Cudi cing, chuyén tit ca cac hinh gdc va hinh phat sinh vé anh
grayscale c6 cung kich thudc dé tién hanh huan luyén..

Trong qué trinh huan luyén ching em da tién hanh thir nghiém trén cac mau véi
cc kich thuée 20x20, 24x24, 32x32 va thay b huan luyén véi kich thude mau 32x32
cho két qua t6t nhat. Tuy nhién chung ta khong nén tang kich thudc mau 1én nita vi s&
1am cho qua trinh hudn luyén cham di rat nhiéu. Dudi day 1a két qua huan luyén bo

nhan dang cu chi ‘B’ vai kich thudc mau positive khac nhau..

Kich thwée Positive Negative So stage | Hit rate | False Alarm
20x20 630 7980 8 86.6% 0.000067
24x24 630 7980 11 95.1% 0.000053
32x32 630 7980 15 98.3% 0.000042

Bing 1 - Két qua huin luyén véi 3 kich thuéc ciia miu positive
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100

98 |

96

94

92 - @ 20x20

90 W 24x24

88 | m 32x32

86

84

82 |

80

20x20 24x24 32x32
Hinh 29 - Biéu db Hit Rate
0.00008
0.00007
0.00005
0.00005 =200
0.00004 =24 x2d
0.00003 B 3232
0.00002
0.00001
I:I T T
20320 24324 T2%32

Hinh 30 - Biéu d6 False Alarm
Tir két qua thyc nghiém & trén, chiing em d chon kich thudc 32x32 1a kich thude cho
mAu chuan. Bén canh d6 ching em tién hanh thu thap thém 192 hinh cac ky tu méi tir 7
ngudi khac ding 1am mau kiém thir (mAu test).
Pbi voi cac mau negative, chiing em dua vao cac hinh phong canh, cay cbi, nha
cua ... va cac hinh c6 chtra mat nguoi hoac cac bd phan co thé nhu: tay, chan... Bo dir

liéu c6 chlra mat nguoi ching em léy tir b dir liéu duoc dung trong bai todn nhan dang
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mat nguoi cia CMU, nhitng hinh phong canh 1a nhitng hinh do chiing em chup va tai
xudng tir két qua tim kiém trén google. Tir 46 chung em da thu thap 3476 hinh dé 1am

nén cho phéan huan luyén.

5.2 Céch tién hanh huén luyén

MJbi bd nhan dang cho ting ctr chi s& duoc huén luyén 3 lan. Lan dau tién 14 huan
luyén b nhan dang tach timg ky tu ra khéi background. Muc dich 1a dé loai bo cac
false alarm trén cac canh vat thuong gip cac bo phan co thé nhu khudn mit, canh tay...
Qua budc nay, by nhan dang da giam dugc false alarm trén cac anh background khong
phai cir chi. Khau nay cho két qua rat tot v6i detection rate 13 100% véi false alarm 14 3
trén 100 anh background (chua xét anh ctia cac cir chi khéc), 3 ving anh nay déu 1a
hinh canh tay va khuon mit. Luu ¥ 14 cac hinh vé cac b phan trén co thé ngudi cé vai
trd rat quan trong, nhitng ving anh nay gy ra nhiéu false alarm hon cac anh

background thuén tay.

M resuli

M result |:| |§| f'>__<|

Hinh 31 - Sy khic biét giira b nhan dang huén luyén trén anh background c6 va khang c6 cic b phan co
thé (bén trai 1a khong va bén phai la c6)

Tuy nhién b nhan dang c6 dugc chua tach dugc cir chi can nhan dang ra khéi cu chi

khéc. Ta thay trong hinh 32, khi dua cur chi ‘U’ va ‘F’ vao thi by nhan dang ctr chi ‘B’

van cho rang do la ctr chi ‘B’.
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M result |Z||E|f'>__<| M result |Z”E| ['5__<|

Hinh 32 - Két qua c6 dwoc khi dua cir chi 'U' va 'F' vao b nhan dang cir chi 'B'
Do do6 b phan loai c¢6 dugc qua bude nay duoc tiép tuc hudn luyén dé c6 thé khac
phuc duoc diém nay. Tap huan luyén méi s& gdbm cic mau postive nhu cii va cac mau
negative 1a tat ca ctr chi con lai, sau khi d phat sinh mdi ctr chi thém 10 hinh nita véi
kich thuée diing bang gap d6i so voi cac mau positive. Viée thuc hién bude nay nham
tao ra mdt b nhan dang tap trung phan bi¢t voi cac ky tu con lai. Nhu ching ta théy,
viéc dua chinh cac ky tu con lai vao bo cadc mau negative 1a hoan toan c6 co sé, vi nhu
vay s€ loc bot dugce cac dac trung khong tdt von s& duoc chon néu khong c6 bo loc nay.
Két qua c6 duoc sau 14n hudn luyén thr 2 nay kha tdt véi detection rate 1a 100% va
false alarm 13 40 trén 100 mAu cac cir chi khac. 40 mau nay chu yéu 1a cua cac cu chi F,
U, R va mot s ti ctia chit A, E, M boi vi cac cir chi nay kha giong v6i ‘B’, riéng “F’ thi
rat giéng.

Trén co so nay, chung em tién hanh huan luyén thém 16p the 3. Lan huan luyén
nay la tiiy chon, tity thudc vao két qua lan huan luyén thir 2. C6 mot sb ky tu s& khong
can b nhan dang thi 3 ma chi can b nhan dang thar 1 va thir 2 13 du. Thong thuong,
khi chiing ta nhan dang mot ctr chi thi sé c6 mot s6 ctr chi khac hay bi nhan nham. Do
d6, sau khi test qua b nhan dang huan luyén qua 2 16p, chiing em sé& théng ké lai tit ca

cac chir bi nhan dang sai dé dua vao mau negative cho bd nhén dang thir 3. D61 voi bd
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nhan dang chit B nhu trén thi s& dugc huan luyén 1an 3 v6i cac mau negative 1a cac cir
chi ‘F’, ‘U’, ‘R’, ‘A’, ‘E’. Qua 3 1an hun luyén lién tiép nhu vay c6 thé s& giam duoc
nhiéu truong hop bi false alarm. Tuy nhién, qua thir nghiém thi thay lan huan luyén thir
3 nay khong thuc su hiéu qua. Dudi day 1a két qua co dugce trén tap huin luyén cua bd

nhan dang cu chi ‘B’:

# | S6 mau Positive | SO miu Negative | S0 stages | Hit Rate FA Rate
1 600 3000 12 100% 0.000039
2 600 900 14 98.3% 0.000042
3 600 150 15 97.8% 0.000043

Bang 2 - Két qua huin luyén qua 3 16p ciia bd nhin dang cir chi B
Luu ¥ rang false alarm dat duoc trong 1an huan luyén thir 1 thap hon false alarm dat
duogc ¢ lan thir 2 khong ¢ nghia 13 1an thir 2 khong t6t. False alarm 1an 1 tot hon 13 vi
tap negative cua no chi chtra cac anh background (phong canh va cac bd phan khac ctia
co thé), trong khi 14n thtr 2 phai hoc tir cac cir chi khac — khé hon nhiéu so v6i cac anh
background thuan tiy — day ciing 1a Iy do khién cho detection rate & 1an thit 2 thip hon
1an thir 1. Nhu d4 trinh bay & trén, rd rang 1an hudn luyén tht 3 khong mang lai hiéu

qua dang ké.

5.3 Két qua thwr nghiém

24 b6 nhan dang cho 24 cir chi xay dyng duoc c6 trung binh 13 14 stages vé6i tong
cong 123 features. Cac b nhan dang dat detection rate khoang 96% véi false alarm
rate 1a 107 trén tp hudn luyén.

Pé kiém tra hiéu qua hoat dong cua bd nhan dang trén cac mau chua hoc, ching
em tién hanh xay dung 2 tap test, 1 tap don gian va 1 tip phirc tap. Tap don gian s&
gdm cac cir chi khac nhiéu véi cir chi cin nhan dang va tip phuc tap s& gdm nhitng cir

chi twong ddi gidng. Vi bd nhan dang chir A, tap test thir nhat s& gdm céc cir chi sau:
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g
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Hinh 33 - Cic cir chi trong tap test thir nhit

Va tap test thtr 2 gdm céc cir chi:

FAPAEIFIARARY
Rl

Hinh 34 - Cac ci chi trong tip test thir hai
Trong ca 2 tap test, mdi ctr chi s& gdm 7 anh chup tir 7 nguoi khac nhau. Két qua thu

duoc nhu sau:

# S6 Pos S6 Neg S6 ving anh Neg HR S6 FA
Testl 7 7x11=77 77x320%x240%x1.5 ~ 8870400 | 100% 0
Test2 7 7x12=284 84x320x240x1.5~9676800 | 100% 213

Biang 3 - Két qua thu dwogc ciia bd nhin dang cir chi A trén 2 tap test
Déi véi tap test thtr 1, bd nhan dang da cho két qua rét tdt, detection rate dat 100%,
khong bd s6t mot chir A nao, déng thoi false alarm b%mg 0, bo nhan dang da loai bo
duoc 100% cac mau negative. Tuy nhién, khi budc sang tap test thir v6i cac mau kho
hon (vi du nhu cir chi E, S, T rat gidng véi A), bo nhan dang bat dau bi nham ddi véi
céc cac mau negative. Trong sb 213 false alarm, c6 dén 201 ving anh 1a cta cac cir chi

khac, con lai 12 vung la cua cac buc tuong, rém ctra, ... Tuy nhién, vdi sO lugng ving
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anh negative 12 9676800 thi dé sai 213 ving anh ciing khong phai 1a mot két qua khong

tot.

Sau déy 1a két qua cu thé cta 24 bd nhandang.

Cir chi | SO Positive | S0 Negative | Tong s6 miu Hitrate FA
A 1323 7710 592 100% 76
B 630 7980 592 95.3% 148
C 546 7980 592 92.1% 132
D 630 7990 592 92.7% 149
E 1218 7760 592 100% 71
F 613 7960 592 96.4% 98
G 483 8110 592 96.4% 102
H 525 8090 592 94.1% 130
I 462 8110 592 100% 95
K 567 7980 592 100% 67
L 420 8130 592 97.1% 89
M 504 8040 592 98.6% 121
N 483 8110 592 96.2% 118
O 546 8080 592 98.5% 62
P 399 8150 592 93.3% 134
Q 504 8040 592 96.9% 121
R 2163 7300 592 96.5% 156
S 1302 7720 592 100% 82
T 783 7980 592 95.4% 76
U 588 8060 592 100% 134
\Y 546 8080 592 92.3% 127
W 567 8070 592 92.1% 141
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X 462 8080 592 100% 37
Y 441 8040 592 96.5% 119

Bang 4 - Két qua thir nghiém ciia 24 b nhan dang trén tap test gdm 592 hinh

102.00% OA
BB
100.00% mC
3 mD

0/
98.00% : e
96.00% | TH ] H T —f |®F
oG
94.00% - aH
B

92.00% -
BK
90.00% - oL
B M
88-00% I I I I I I I I I I I I I I I I I D N
ABCDEFGHIKLMNOPQRSTUVWXY g

Hinh 35 - Biéu dd thong ké Hit Rate ciia 24 by nhin dang trén tap test gdm 592 hinh

Dua vao biéu d6 trén chung ta co thé théy duoc réng ti 1€ hitrate cua cac ky tu phu
thudc kha nhiéu vao sé luong samples dung dé huan luyén. Ngoai ra cac ky tu co dic
trung it thi thuong hitrate s€ khong cao.

Bén canh d6, 6 cacky tw A E, S, T ta théy ti I¢ false alarm 16n 1a do cac ky tu nay kha
gidng nhau vé hinh dang nén rat thuong xuyén bi nhan dang nham 14n nhau. Truong

hop nay cling xay ra tuong tu cho cac chit R, U, V, W hay G va H hoac M va N.
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5.4 So sanh va danh gia

Hé thong nhan dang mit nguoi ctia Viola va Jones [1] duoc danh gia 1a hé thong
nhdn dang mat nguoi nhanh va chinh xac nhat hién nay. Viola va Jones xay dung hé
thong nay trén tap huan luyén gom 4916 anh mat nguoi va 9500 anh background. Hinh

37 1a két qua thir nghiém cta Viola va Jones:

Falze detections

Detector 1o 3l 50 65 78 Q5 167 422

WViola-JTones Tel% 884%  914%  920%  92.1%  929%  939% O0d1%

Hinh 36 - Két qua thir nghiém ciia Viola va Jones

Két qua trén c6 duoc trén tap test gom 503 anh mat ngudi va 130 anh background. Ta
théy voi detection rate 1a 94.1% thi false alarm cua ho 1a 422, tirc 1a b nhan dang nhan
nham 422 ving anh thanh mat nguoi trong s6 75081800 ving anh background dua vao.
Trong khi d6, do han ché vé sb luong mau, modi ctr chi chi co dugc khoang 30 mau
chup, cong voi sb lugng phat sinh do cac phép bién doi thi ciing chi ¢6 630 mau/ctr chi
thi viéc két qua bd nhan dang ting ctr chi ctia ching em khi dat false alarm 14 213 trén
84 anh negative ciing c6 thé xem 1a mot két qua kha quan.

Kolsch [6] cling &p dung mo hinh Cascade of Boosted Classifiers 1én bai toan
phan loai ctr chi v6i hé théng gdm 8 ctr chi:

closed sidepoint victory open Lpalm Lback grab fist

| = I I R

Hinh 37 - Hé thong 8 cir chi trong bai toin ciia Kolsch
Chung ta c6 thé thay ky hiéu Victory dugc dé cap c6 hinh dang giong nhu cir chi V,
Lpalm giéng voi ctr chi L trong hé théng ctr chi ma ching ta dang sir dung. Theo két

qué qué trinh huan luyén, voi false alarm & murc 107 thi ti 16 hitrate giita ky tu V chung
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em d3 hudn luyén va ky hiéu Victory trong bai viét ctia Kolsch (chon false alarm ¢

mirc 107) c6 thé hién qua biéu d sau:
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Hinh 38 - Biéu do so sanh Hit Rate giira ky hiéu Victory véi cir chi V
Con v6i cung ti 18 false alarm nhu vay cho ky tu L va ky hiéu Lpalm, ta s& ¢ két qua

nhu sau:
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80

m kgt L
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Hinh 39 - Biéu dd so sanh Hit Rate giita ky hiéu LPalm véi cir chi L
Nhiing so sanh trén day chi mang tinh twong doéi, dé cho thay hiéu qua cua by nhan

dang cho tung ctr chi xay dung trong khéa luan nay chtr khong thuc su noi 1én duoc
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tuong quan giira 2 hé thong, boi vi cac sb lidu trén 1ay tir cac tap hudn luyén va tip test

khac nhau.

| s Lt

Hinh 40 - Vai két qua test ciia b nhan dang cir chi A (cir chi B 1a mt trudng hop false alarm)
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Chwong 6 Tong két

6.1 Kétluan

Trén co s& tim hiéu vé thuat toan AdaBoost, Haar Feature va md hinh Cascade of
Classifiers, ching em d3 4p dung duoc mo hinh Cascade of Boosted Classifers — von
duoc ap dung trong linh vuc nhan dang mat ngudi — 1€n bai toan nhan dang cur chi va
d4 dat nhitng nhitng két qua budc dau. Chung em di tién hanh du tit ca cac khiu bat
dau tir viéc 1y mau bang cach chup hinh céac ban trén 16p, cac Thay C6 can b giang
day tré va nhimg ngudi thin trong gia dinh ching em; tiép dén 1a chuin héa céac hinh
nay; sau dé bét tay vao chinh stra chuong trinh huin luyén dugc thu vién OpenCV
cung cap; va cudi cung 14 tién hanh huan luyén thir nghiém rat nhiéu 1an dé c6 thé
chon ra dugce kich thuéc miu phu hop, dé c6 thé chon duoc nhimg tham sb vé max
false alarm, min hit rate ... sao cho hé théng dat hiéu qua tot nhat. Bén canh do, chung
em cling da xay dung mot $6 chuong trinh ti€n ich phuc vu cho viéc chuan hoéa cac
mau huén luyén (xem phan Phu luc C dé biét thém chi tiét), qua dé biét cach sir dung
cac ham trong thu vién OpenCV.

24 bo nhan dang cho 24 ctr chi ma chung em xay dung duogc da cho két qua tot
v6i detection rate khoang 96%. Tuy false alarm con twong d6i cao, nhung dé ciing 1a
diéu chap nhan duoc véi s6 lugng miu giGi han va chat luong khong cao (do dugc
chup tir webcam véi 6 phan gidi chi 1a 320x240) ctia mdi cir chi ma ching em da thu
thap.

Tuy nhién, khéa luan nay chi dung lai & mac xay dung duoc 24 bo nhan dang ctr

chi ma chua thé két hop chung dé tao thanh mot bd phan loai ctr chi nhu muc tiéu dé ra
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ban dau do han ché vé thoi gian, mot phan 1a vi thoi gian thyc hién khéng di, mot phan

1a vi khau huan luyén chiém qua nhi€u thoi gian.

6.2 Hwéng phét trién

Huéng phat trién trude mat 1a xay dung mot bo phan loai cir chi dya trén sy két
hop cac bd nhan dang cir chi da c6. Tir d6 xdy dung mot hé théng phén loai thoi gian
thue dya trén mot camera dé ghi nhan cac cir chi ma nguoi dung ra dau. Mot khi co
duoc hé théng co kha ning “hiéu” duoc ctr chi ctia con ngudi, ta bat dau co thé gan cho
hé théng mot s6 tinh nang va yéu cau chung thuc hién khi nhan dugc mot ctr chi nao
d6 — mot trong nhimg mg dung dang nay chinh 13 diéu khién robot.

H¢ théng hién tai chi hoat dong dbi v6i hinh chup chinh dién, n6 con kha nhay
cam va goc quay cla ban tay. Trong twong lai, ta c6 thé sir dung thém cac dic trung
khac ngoai Haar Feature, c6 thé 4p dung thém bién dbi Fourier (nhu tiép can cta
Kolsch [7]) dé co thé nhan dang dugc cir chi @ moi goc quay. Déng thoi ¢6 thé tién
hanh xay dung nhiéu bo nhan dang cho mdt cir chi, mdi bd s& dam nhiém maot goc nhin
ctia ctr chi d6 dé c6 thé nhan dang cur chi tr moi goc do.

Pbi voi bai toan nhan dang cir chi dong thi con nhiéu han ché va han ché 16n nhat
van 1a sd luong tir vung. M6 hinh Cascade of Boosted Classifiers cho két qua rat t6t
trén bai toan nhan dang ctr chi tinh, ta c6 thé 4p dung né 1én bai toan nhan dang ctr chi
dong bang cach nhin dang timg khung hinh ctia qué trinh chuyén dong, su chuyén tiép
giita cac khung hinh d6 c6 thé dugc thuc xir Iy bang mé hinh Markov an.

V&1 nhiing két qua dat dugc hién nay, dé c6 dugc mot hé théng thuc su c6 thé
tuong tac v6i con ngudi thong qua ctr chi thi cac chiing ta van con mot ching dudng
dai phai di. Tuy nhién, diéu d6 ciing khong c6 nghia 13 khong thé. Néu chiing ta co thé
vuot qua dugc nhirng tr¢ ngai trudc mit, néu co thé nhan dang duoc cac ctr chi dong

v6i sO luong tur vung nhi€u hon thi mot thé gidi méi, mdt theé gidi ma may chi can co 1
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Chuong 6. Tong két

hé thong camera 13 c6 thé twong tac v6i con ngudi, 1a mot dich ma chung ta c6 thé

nham dén duoc.
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Phu luc A: Cac thuat ngir lién quan

Phu luc A: Cac thuat ngir lién quan

Pattern (Mtfu)
Puoc chia la 2 loai:

e Training Samples (Mau hu4n luyén ): Mau huan luyén 1a cac mau ding cho viéc
hoc ciia mot h¢ nhan dang. Trong qua trinh huin luyén, bd nhan dang s€ hoc tur
cac mau nay, théng qua cac dic trung dé nhdn ra ddi trong can nhan dang. Mau
huan luyén gom 2 loai:

0 Positive samples: cac mau chtra d6i twong can nhan dang.

0 Negative samples: cac mau khong chira dbi tuong can nhan dang.
Trong qua trinh hoc, bd nhan dang sé& cb gang tim cac dic trung cta cic mau
positive ma mau negative khdng c6, tir d6 rat ra duoc cac dic trung cua dbi
tuong can nhan dang. Khi dua mdt mAau mai vao nhan dang, bd nhan dang s€ ap
cac dic trung ndy 1én mau, néu thoa thi miu nay 1a dbi twong can nhan dang,
ngugc lai thi khong phai.

e Test Samples (Mau kiém thir): Mau kiém thtr 1a cac mAu dung cho viéc kiém tra
ti 1& nhan dang ctia mot hé nhan dang. Cac mau nay phai khong nam trong tap
huan luyén. Ti 1¢ nhan dang diing cac mau trong tap kiém thtr néi 1én tinh hiéu
qua cta hé nhan dang, boi vi cic mau nay hé nhan dang chua hé duoc hoc, néu
n6 van nhan dang diing ching té cac dic trung ma no rat ra that sy 1a cac dic
trung ctia d6i tuong.

Feature (Dac trung)

La cac thong tin gitp doi tuong tu dinh danh minh. Dé hé nhan dang co thé biét duoc
trong mot mau dua vao c6 chira ddi tuong can nhan dang hay khong, bd nhan dang
phai biét dugc dic trung ctia d6i twong d6. Vi du nhu trong bai toan phan loai ca hoi va

cd mu, dac trung ctia ca hoi co the 1a “dd sang khong dudi 0.5 va chiéu dai vay khong
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Phu luc A: Cac thuat ngir lién quan

qua 3 cm”. Khi d6, néu mau dua vao thoa 2 dic trung nay thi né 13 ca hdi, nguoc lai 1a
ca mu.

Trong bét cir bai todn nhan dang nao, thong thuong thi khong ton tai mot dic trung don
nao co thé gitp nhan dang t6t ddi tuong (“do sang khong dudi 0.5” chua da dé két luan
mot mau dua vao 1a “ca héi”), ma no6 doi hdi phai két hop nhiéu dac trung vo1 nhau,
khi do6 ching duogc goi la khong gian dac trung.

Threshold (Nguwong)

Ngudng la gia tri “ranh gidi1” gitra cac 1op. Trong vi du & trén, thi gia tr1 “0.5” va “3”
duoc goi 1a ngudng. Ngudng c6 thé hiéu chinh dugc, va thong thudng duoc chon ra
bang thuc nghiém (Ngudi ta thir bd nhan dang vdi cac gid tri ngudng khac nhau dé
chon ra ngudng cho ti 18 nhan dang dng t6t nhat).

Classifier (Bo phan logi)

Mot hé nhan dang gdm nhiéu b phén loai, mdi bo phan loai tng voi mét 16p, gdm mot
hay nhiéu luat dang If...then... véi cac dic trung va cic ngudng twong tng. Khi mot
mau duoc dua vao bod phan loai, bo phan loai s€ kiém tra xem no co théa cac luat nay
hay khéng, néu thoa thi né duoc xép vao 16p twong Gmg véi bd phan loai nay, néu
khong thi s& duoc dua qua cac bo phan loai ké tiép (néu c6).

Detector (Bo nhin dang)

Chtrc ndng tuong ty nhu b nhan dang nhung né ¢6 pham vi hep hon, n6 chi c6 nhiém
vu cho biét mdt mau co thude vé mot 16p cu thé nao d6 hay khong. Detector va
classifier do6i khi dugc dung thay thé cho nhau, vi detector c6 thé dugc xem nhu mot
classifier cho 2 16p 1a “c6” va “khong”.

Hit Rate (Detection Rate)

La ti 18 nhan dang diing cac object (cac dbi tuong can nhan dang). Vi du trong bai toan
nhan dang mit ngudi, Hit Rate = 0.95 ¢6 nghia 14 trong sé 100 mau mit ngudi, bo phan
loai chi nhan ra dugc 95 mau (5 mau con lai duge bo phan loai cho 1a background).

False Positive (False Alarm)
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Phu luc A: Cac thuat ngir lién quan

La ti 16 nhan dang sai cac background (cac mau khong phai ddi trong can nhan dang).
Vi du nhu False Alarm = 0.01 c6 nghia 1a ctir 100 mau background thi c6 1 mau bi bo
phan loai 1am tudng 14 object.

Weak classifier

La céc classifier don gian chi can c6 d6 chinh xac trén 50%.

Strong classifier

La classifier c6 do chinh xac cao , dugc xay dung tir s két hop cac weak classifier.
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Phu luc B: Cac chwong trinh diing cho huan luyén

Tao sample
Viéc tao samples dugc thuc hién béng chuong trinh CreateSamples, mot chuong trinh
di kém trong thu vién Intel OpenCV c6 chirc ning tao file dit liéu cho cac mau
(positive 1an negative) tir cac file anh (bmp, jpg ...), ddng thoi cho phép phat sinh thém
céc anh tir mot hay nhiéu anh ban dau bang cach ap dung cac phép xu 1y anh nhu rotate,
dilate, erode ... 1én cac anh nay. Chuong trinh nay da duoc ching em stra d6i dé cho
dap tmg duoc nhu ciu xay dung b nhin dang cir chi. Céc stra doi bao gdm céch tao
samples, thém phép tinh tién cho viéc phat sinh cac anh. Chwong trinh sau khi chinh
sura ¢ tén la MyCreateSamples.
Chuong trinh nay c6 4 chirc ndng chinh sau:
1. Phat sinh ra cic hinh twong tu tir 1 hay nhiéu anh ban dau
Xac 1ap gia tri cho cac tham s sau:

e -info: tap tin chira tén cac tap tin hinh can phat sinh.

e dir: tén thu muc s€ chtra cac tap tin hinh dugc phat sinh.

e -w -h: kich thuéc cta hinh gbc (mic dinh 24x24).

o -num: sd luong hinh s& dugc phat sinh tit mdi hinh dwa vao (mic dinh 1a

10).
2. Tao dir liéu huén luyén
Xac lap gia tri cho cac tham s6 sau:
e -info: tap tin liét ké danh sach céc anh positive (anh chup cia cir chi da qua
chuan hoa).

e -vec: tip tin dir liéu s& phat sinh dé dung cho qua trinh huan luyén.

e -nongen: chuong trinh s& ghi dir liéu cta cac anh vao thing file vec.

e -gen: v&i mdi dnh trong file info, chuong trinh s& phét sinh ra num anh

tuong tu, sau d6 ghi dir li€u cua tat ca cac anh nay vao file vec.
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Phu luc B: Céc chuong trinh ding cho huén luyén

-num: sb anh s& phat sinh cho timg anh positive (chi st dung kém v&i tham
sd -gen).

-w -h: kich thudc anh positive.

3. Phu kin cac anh nén bang mot anh cho trudc

Xac lap gia tri cho céac tham so sau:

-info: tap tin anh s€ phat sinh.

-img: tap tin anh dung dé phu.

-bg: tap tin chira danh sach cac anh nén can duoc phu.

-w -h: kich thuéc anh —img

-ran: ap dung cac phép bién ddi ngdu nhién 1én anh trude khi phi 1én anh
nén (anh nén s& duoc phu bang nhiéu anh khac nhau — nhitng anh duogc
phét sinh tir -img).

-nonran: dung anh —img phu kin tat ca cac anh nén.

4. Phu kin nhiéu anh nén bang nhi€u anh cho trudc

Xac lap gia tri cho cac tham so sau:

-info: tap tin liét ké danh sach cac anh dung dé phu.

-bg: tap tin chira danh sach cac anh nén can dugc phu.

-w -h: kich thudc anh —img.

-ran: ap dung cac phép bién ddi ngdu nhién 1én anh trude khi phu 1én anh
nén (anh nén s& dugc phu bang nhiéu anh khac nhau — nhitng anh duoc
phat sinh tir cac anh trong -info).

-nonran: dung lan luot cac anh trong —info phu kin tat ca cac anh nén.

Huan luyén

Haartraining 13 Gtmg dung dung dé xay dung mot hé nhin dang theo mé hinh Cascade

of Boosted Classifiers. Pay ciling 1a mot chuong trinh ma nguén mé duoc cung cip nhu

mot by phan cua thu vién Intel OpenCV. Chuong trinh nay cling dugc chiing em stra
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Phu luc B: Céc chuong trinh ding cho huén luyén

do1, stra cau trac dir li€u bi€u dién feature va thém vao do cac feature stir dung trong bai

toan nhan dang cir chi, ddng thoi thém céc chirc ning khac nhu phat sinh file log, phat

sinh file mo ta cac feature dugc chon, ... Chuong trinh sau khi stra doi c6 tén 1a

Parsehaartraining.

Chuong trinh c¢6 nhitng tham sé sau:

~data: thu muc sé& chira cdu tric cdy cascade.

-vec: tap tin dit liéu positive phat sinh bang CreateSamples.

-bg: tap tin i€t ké danh sach cac anh negative (cac anh background va anh
ctia cac cir chi khac vai cir chi can nhan dang)

-subwnd: tén file log luu toa do cac feature dugc chon. Néu khong xac lap
tham s ndy thi chirc ning nay sé& khong duogc thuc hién.

-log: tén file log cac thong sb ctia qua trinh hudn luyén. Néu khong nhap
vao thi chuong trinh sé& lay tén mic dinh 13 logxxx.txt bat dau tir 000 va
tang dan trong khi file logxxx.txt d3 ton tai.

-npos: sb lugng positive samples dung dé huan luyén.

-nneg: s6 lwong negative samples dung dé huan luyén.

-nstages: s6 stage du kién s& train.

-nsplits: s6 feature sir dung trong mdi weak classifier. Bai toan nhan dang
ctr chi stir dung —nsplits 1a 1.

-sym: dung khi mAu nhan dang c6 tinh chat d6i xtmg nham giam false
alarm.

-minhitrate: ti 16 nhan dang dung t4i thiéu cac mau positve ma mdi stage
classifier phai dat. minhitrate cua ca cau trac cascade s& 1a —nstages ™™™,
-maxfalsealarm: ti 1& nhan dang sai tdi da cic mau negative ma moi stage
classifier dugc phép mac phai. maxfalsealarm ciia ca ciu triic cascade s&

12\1 _nstages-maxfalsealarm
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Nhén dang

-eqw
-mode <BASIC (mac dinh) | CORE | ALL>: cac loai haar features s€ su
dung. BASIC gdm cac kiéu feature khong xoay, CORE bao gom cé cac
feature xoay, ALL bao gdm thém feature 2 hinh vudng 16ng nhau. (Xem
4.1.2 3 biét thém chi tiét).

-w -h: kich thudc ctia mau positive.

-bt<DAB | RAB | LB | GAB>: thuit toan boost mudn st dung: Discreate
AdaBoost, Real AdaBoost, LogitBoost va Gentle AdaBoost. Bai toan nhan

dang ctr chi trong khoa luan nay sir dung GAB.

Chung em ty xay dung chuong trinh Haardetecting (phong theo chuong trinh

facedetect dua trén su hd trg cia OpenCV) dung dé tién hanh nhan dang. Chuong trinh

nay sé& st dung cau tric ciy cascade phat sinh duoc tir tng dung Haartraining d& nhan

dang mot mau dua vao. Chuong trinh ¢6 2 tham s6 don gian nhu sau:

-data: thu muc chtra cdu tric ciy cascade phat sinh tir tng dung
Haartraining.

-img: anh can nhan dang.

-cam: webcam dung dé chup anh va nhan dang truc tuyén, khong sir dung
tham s6 nay néu nhan dang trén anh tinh.

-w -h: kich thuéc mau positive da tién hanh huan luyén.
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Phu luc C: Cac chwong trinh tién ich

Pé c6 thé tién hanh huan luyén doi hoi cac anh chup phai dugc chuan hoa. Viéc chuan
hoa cac anh chup néu thyc hién biang tay hay bang cac chuong trinh xir Iy d6 hoa sén
c6 s& mat rat nhidu thoi gian vi cac chuong trinh nay khong sat véi nhu cau. Do do,
ching em da xay dung mdt tp cac ing dung hd trg cho viée chuin hoa nay. Hau hét
cac chuong trinh nay déu duoc viét voi su hd tro cua thu vién Open CV.

1. PathToTxt. v6i input 1a mot thu muyc, chuong trinh s€ phat sinh mot tap tin chira
duong dan dén tat ca cac tap tin c6 trong thu muc ndy (cac tap tin & cip do bat ky).
Output ctia chuong trinh nay dung cho chuong trinh MyCreateSamples.

2. ImageCropper: chuong trinh gitp cit nhanh cac ving anh (ving chtra ban tay) va
tu dong luu né vao mdt file mdi voi cung tén voi danh ma nd xir 1y.

3. MakeGrayScalelmg: chuong trinh gitp chuyén cung lic nhiéu hinh vé anh
grayscale, dong thoi cho phép chon cé thay d6i kich thudc anh hay khong (thay dbi
thanh mot kich thudc ¢ dinh hay ddi theo ti 18).

4. MyDemHist: Dung dé threshold, t6 den vung nén cho cac anh dya vao histogram.
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