Tim hiéu phirong phdp phdn doan dnh

MO DAU

Xu ly anh (XLA) la mot trong nhiing chuyén nganh quan trong va lau doi
ctia Cong nghé thong tin. XLA duoc ap dung trong nhiéu linh khac nhau nhu y hoc,
vat 1y, hod hoc, tim kiém toi pham,... Muc dich chung cua viéc XLA thuong la: (1)
xtr ly anh ban dau dé c6 duge mot bic anh mai theo mot yéu cau cu thé; (2) phan
tich anh dé thu duoc céc thong tin ddc trung trén anh nham hd tro cho viéc phan loai
va nhan biét anh; (3) phan doan anh (image segmentation) dé nhan dién duoc cac
thanh phan trong anh nham hiéu duoc két cau cua birc anh & mirc dd cao hon. Dé
xtr Iy dwoc mot birc anh thi phai trai qua nhiéu bude, nhung budce quan trong va khod
khan nhat d6 14 phan doan anh. Néu budc phan doan anh khong tét thi din dén viéc

nhan dién sai 1am vé cac doi tuong co trong anh.

Trong khoang 30 ndm trd lai day da co rat nhidu cac thuat toan duoc dé xut
dé giai quyét bai toan phan doan anh. Cac thuat toan hau hét déu dwa vao hai thudc
tinh quan trong ciia moi diém anh so véi cac diém 1an can cta no, do 1a: su khac
(dissimilarity) va gidng nhau (similarity). Cac phuong phép dua trén sy khac nhau
ctia cac diém anh duoc goi 1a cac phuong phap bién (boundary-based methods) ,
con cac phuong phap dua trén su giéng nhau cua cac diém anh dugc goi la phuong
phap mién (region-based methods). Tuy nhién, cho dén nay cac thuat toan theo ca
hai huéng nay déu van chua cho két qua phan doan tot, vi ca hai loai phuong phap
nay déu chi ndm bat dugc cac thude tinh cuc bd (local) cua anh. Do do, trong thoi
gian gﬁn day, viéc tim ra cac thuat toan ndm bét duoc cac thudc tinh toan cuc

(global) ctia btrc anh da tr¢ thanh mot xu hudng.

Muc dich chinh ciia em 1a tim hiéu va hé thong lai cac phuong phap phan
doan anh da c6 theo cac hudng: nhu phan doan theo ngudng, phan doan theo duong
bién va theo mién dong nhat. Ngoai ra, trong d6 4n nay em ciing tim hiéu va trinh
bay thém mot phuong phap dugc danh gia 1a hi¢u qua hon cac phuong phép trudc

day. Phuong phap nay dga vao viéc coi mot birc anh nhu mot dd thi, sau d6 dinh
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nghia mot tinh chat dé so sanh gitra cac cap mién cta anh. Thuat toan nay tuén theo
mdt chién luge tham lam, c6 thoi gian chay gan nhu tuyén tinh, nhung van dam bao

duoc viéc phan doan chinh xac va hi¢u qua.

Ngoai phan m¢ dau va két luan, luan van dugc chia lam 4 chuong, cu thé noi

dung cac chuong nhu sau:

Chuong 1Trinh bay so luge vé XLA, gidi thidu cac giai doan xir Iy trong mot
hé théng XLA, trong d6 c6 budc phan doan anh. Mot s6 khai niém, thuat nglr trong

XLA, nhu diém anh, mtrc xadm, bién,...dugc trinh bay nhu la cac khai niém.

Chuong 2 H¢ théng lai mot s6 thuat toan phan doan anh theo cac hudng:
phan doan theo ngudng, phan doan theo duong bién va phan doan theo mién dong
nhit. Trong mdi loai phuong phap nay chung toi trinh bay ngan gon phuong phap

va uu nhugc diém cua chung.

Chuong 3 Trinh bay mét thuat toan phan doan dya trén dd thi :Thuat toan
coi mdi pixel 1a mot dinh cia dd thi, su khac nhau gifra hai diém anh 1a trong s6 cua
canh ndi hai dinh tuong ung voi nhau. Thuat toan dua theo chién lugc tham lam,
nhung c6 thé nam bat duge cac thude tinh non-local cta birc anh. Mot s6 dinh ly va

hé qua lién quan dén thuat toan dugc trinh bay va chimg minh ngan gon.

Chuong 4 dua ra cac doan ma chuong trinh (code) bang C++ mé hoa mot sb

thuat toan duogc trinh bay trong luan van.

Khi viét bdo cdo nay em di cb ging hét sirc dé hoan thanh cong viée duoc
giao, song diéu kién thoi gian va trinh do con han ché nén khong tranh khoi thiéu
so6t.Em mong nhan dugc sy gop ¥ cua thiy gido hudng dan , thay co gido va ban
bé trong khoa Cong nghé thong tin & em c6 duoc nhitng kinh nghiém thyc té va bo

ich dé sau nay co thé xay dung dugoc mot chuong trinh hoan thién hon.
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CHUONG 1 : TONG QUAN VE XU’ LY ANH VA
PHAN POAN ANH

Xir Iy anh ngay nay da tré thanh mét nganh khoa hoc 16m va ¢é mdt trong nhiéu
linh viee ciia cude séng. Piéu ndy hodn toan cé thé 1y gidi dwge tir mot dinh nghia
don gidn vé nganh khoa hoc nay: Xur Iy anh la nganh khoa hoc nghién ciru cdc qud
trinh xir 1y théng tin dang hinh anhtrer’ Reference source not found. “ i pinh anh la mot
trong nhitng dang thong tin phong phii nhat déi véi ching ta.. Trong qud trinh xit Iy
danh budc quan trong nhdt va ciing la ¢é khdn nhdt la buée phan doan anh. Phén
doan nham muc dich phan tach cac doi twong cdu thanh nén anh thé dé cé thé sir

dung cho cdc iing dung vé sau.
1.1 TONG QUAN VE XU’ LY ANH

1.1.1 Giéi thiéu v& Xir Iy 4nh

Trong xa hoi loai ngudi, ngdn ngir 1a mot phuong tién trao d6i thong tin phd
bién trong qua trinh giao tiép. Bén canh ngdn ngi, hinh anh ciing 14 mot cach trao
dobi thong tin mang tinh chinh xac, biéu cam kha cao va dic biét khong bi cam giac
cht quan ciia d6i twong giao tiép chi phdi. Thong tin trén hinh anh rat phong phu,
da dang va c6 thé xir Iy bang may tinh. Chinh vi véy, trong nhitng nim gin day su

két hop giita anh va dd hoa da tro nén rat chit ché trong linh vuc xir 1y thong tin.

Ciling nhu xu ly dir 1iéu hinh anh béng dd hoa, viec XLA s6 1a mot linh vuc
cta tin hoc tmg dung. Viéc xir 1y dit liéu bang do hoa dé cap dén nhirng anh nhan
tao, cac anh nay dugc xem xét nhu la nhiing cau trac dir liéu va duoc tao ra bai cac
chuong trinh. XLA s thao tac trén cac anh tu nhién thong qua cac phuong phéap va
ky thuat ma hoa. Anh sau khi duoc thu nhan béng cac thiét bi thu nhan anh s& duoc
bién ddi thanh anh s theo cic phuong phéap s hod duoc nhiing trong céc thiét bi ki
thuat khac nhau va duge biéu dién trong may tinh dudi dang ma tran 2 chiéu hodc 3

chiéu.
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Muc dich cua viéc XLA duoc chia lam hai phﬁn
e Bién d6i 4nh 1am ting chét lugng anh
o Ty dong nhan dang, doan anh, danh gia ndi1 dung cia anh.

Phuong phap bién dbi anh duoc st dung trong viée xtr 1y cac anh chup tir
khong trung (chuong trinh do dac tir may bay, v¢ tinh va cac anh vii try) hoac xu ly
cac anh trong y hoc (anh chup cat lat, anh siéu am, vv.. .). Mot tng dung khéc cua
viéc bién ddi anh 1a ma hoa anh, trong d6 cac anh dugc xtr 1y dé rdi luu trit hodc

truyén di.

Céc phuong phap nhan dang anh dugc sir dung khi xir 1y t& bao, nhidm sac thé,
nhéan dang chit vv... Thuc chét cua cong viéc nhan dang chinh l1a sy phan loai dbi
tugng thanh cac 16p dbi twong da biét hodc thanh nhitng 16p ddi twong chua biét.
Bai todn nhan dang anh 1a mot bai toan lon, co6 rat nhiéu y nghia thyc tién va ta ciing
c6 thé thiy rang dé cong viéc nhan dang trd nén dé& dang thi anh phai duoc tach
thanh cac ddi twong riéng biét — ddy 13 muyc dich chinh cta bai toan phan doan anh.
Néu phan doan anh khong tot s& dan dén sai 1dm trong qua trinh nhan dang anh, boi
vay ngudi ta xem cong doan phan doan anh 1 van dé then chét trong qua trinh xur

1y anh noi chung.

1.1.2 Qua trinh XLA

Qua trinh XLA c6 thé duoc mo ta bang so d6 sau:

Phén doan » Bléu dlén Vft‘l
Tién XLA |« > )
CO SO !
> Nhan dan
Thu nhan [ > TRI “—> " ‘ ans
va giai thich

Hinh 1. Qua trinh xu ly anh
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> Thu nhan anh: Py 1a cong doan dau tién mang tinh quyét dinh dbi voi qua trinh
XLA. Anh du vao s& duoc thu nhan qua céc thiét bi nhu camera, sensor, may
scanner, vv ...va sau d6 cic tin hiéu nay s& dugc sé hoa. Cac thong s6 quan
trong ¢ budc nay la d§ phan giai, chét luong mau, dung luong bd nhé va tbe do

thu nhén anh cta céac thiét bi.

> Tién xu 1y: O budc nay, anh s& dugc cai thi¢n vé do tuong phan, khir nhiéu, khtr
bong, khur 6 1¢éch, v.v.. véi muc dich lam cho chét lugng anh tré nén t6t hon

nira va thuong duoc thuc hién bdi cac bo loc.

> Phan doan anh: Phan doan anh 13 budc then chot trong XLA. Giai doan nay
nham phan tich dnh thanh nhiing thanh phan ¢ cing tinh chat nao d6 dua theo
bién hay cac vung lién théng. Tiéu chuin dé xac dinh cac ving lién thong c6 thé
la cung mau, cung muc xam hay cung do nham vv ... Muc dich ctia phan doan
anh 1a dé c6 mot miéu ta tong hop vé nhiéu phan tir khac nhau cau tao nén anh
thd. Vi luong thong tin chira trong anh rat 1én — trong khi trong da s cac tmg
dung chung ta chi can trich chon mot vai dic trung nao do, do vay can c¢6 mot
quéa trinh dé giam luong thong tin khong 16 dy. Qua trinh nay bao gom phin

ving danh va trich chon ddc tinh chu yéu.

> Biéu dién va mé ta anh: Két qua ctia bude phan doan anh thuong dugc cho dudi
dang dir li¢u diém anh tho, trong d6 ham chura bién cua mot vung anh, hodc tap
hop tat ca cac diém anh thudc vé chinh viing anh d6.Trong ca hai truong hop, su
chuyén ddi dir liéu tho nay thanh mot dang thich hop hon cho viéc xir 1y trong
may tinh 1a rat can thiét. Bé chuyén ddi chung, cau hoi dau tién can phai tra 10i
1a nén biéu dién mot ving anh dudi dang bién hay dudi dang mét viimg hoan
chinh gdm tat ca nhiing diém anh thudc vé né. Biéu dién dang bién cho mot
vung phtt hop v6i nhimg tng dung chi quan tdm chil yéu dén cac dic trung hinh
dang bén ngoai cua ddi tuong, vi du nhu cac géc canh va diém udn trén bién
ching han. Biéu dién dang ving lai thich hop cho nhiing ing dung khai thac cac

tinh chat bén trong cia doi tugng, vi du nhu van anh hodc cau tric xuong ctua
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n6. Su chon Iya cach biéu dién thich hop cho mét ving anh chi méi 1a mot phan
trong viéc chuyén d6i dit liéu anh thé sang mot dang thich hop hon cho céac xu
1y vé sau. Ching ta con phai dwa ra mot phuong phap mé ta dir liéu da duogc
chuyén d6i d6 sao cho nhiing tinh chét can quan tdm dén s& duoc lam ndi bat

1én, thuan ti€n cho viéc xur 1y chung.

> Nhan dang va giai thich: Pay 1a budc cudi cung trong qua trinh XLA. Nhan
dang anh (image recognition) ¢ thé duoc nhin nhan mot cach don gian 1a viéc
gdn nhan cho cac dbi tugng trong anh. Giai thich 14 cong doan gdn nghia cho

mot tap cac dbi tuong da dugc nhan biét.

Chung ta ciing co thé thdy rang, khong phai bat ky mot ing dung XLA nio ciing
bat budc phai tuan theo tat ca cac budc xir Iy da néu ¢ trén, vi du nhu cac Gmg dung
chinh sira anh nghé thuat chi dimg lai & budc tién xtr Iy. Mot cach tong quat thi
nhitng chtrc ning xir Iy bao gdm nhan ca nhan dang va giai thich thudng chi c6 mat
trong hé thong phén tich anh tu dong hodc ban ty dong, duoc dung dé rut trich ra
nhirng thong tin quan trong tr anh, vi du nhu cac ung dung nhén dang ky tu quang

hoc, nhan dang chir viét tay vv...

1.2. TONG QUAN VE PHAN DPOAN ANH
Pé phan tich cac d6i tuong trong anh, chiing ta can phai phan biét duoc cac
d6i tugng can quan tim v&i phan con lai cia anh, hay con goi 1a nén anh. Nhirng ddi
tugng ndy c6 thé tim ra duoc nhd cac ky thudt phan doan dnh, theo nghia tach phan
tién canh ra khoi hau canh trong anh. Mdi mot ddi tuong trong anh duoc goi la mot
viing hay mién, dudng bao quanh ddi tuong ta goi 1a duong bién. M&i mot ving anh
phai c6 céac dac tinh déng nhét (vi du: mau sdc, két cAu, mirc xam vv...). Cac dac
tinh nay tao nén mot véc to dac trung riéng cta vung (feature vectors) gitip ching
ta phan biét dugc cac vung khéac nhau.
Nhu vay, hinh dang ctia mét ddi tuong co thé dugc miéu ta hodc boi cac tham sb
ctia dudng bién hodc cac tham sd ctia ving ma n6 chiém giir. Su miéu ta hinh dang

dua trén thong tin dudng bién yéu ciu viée phdt hién bién. Sy mé ta hinh dang dwa
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vao ving doi hoi viéc phdn doan anh thanh mot sd ving dong nhét. C6 thé thiy k¥
thuat phat hién bién va phan ving anh 13 hai bai toan d6i ngau ctia nhau. Thuc véy,
do bién dé thyc hién phan 16p d6i tuong va mot khi da phan 16p xong ciing co nghia
la da phan vung dugc anh. Nguoc lai, khi da phan vung, anh dugc phan 1ap thanh

cac ddi tuong, ta co thé phéat hién bién.

C6 rat nhidu k¥ thuat phan doan anh, nhung nhin chung chiing ta c6 thé chia

thanh ba 16p khac nhau:

v Céc k¥ thuat cuc bd (Local techniques) dwa vao cac thudc tinh cuc bd
ctia cac diém va lang giéng cua no.

v’ Cac k¥ thuat toan thé (global techniques) phan anh dia trén thong tin
chung cua toan b anh (vi du bé’lng cach str dung luogc dd x4m cua anh —

image histogram).

v' Céc k¥ thuat tach (split), hop (merge) va growing st dung cac khai

niém dong nhét va gan vé hinh hoc.
1.3. MOT SO KHAI NIEM CO BAN

1.3.1 Diém anh - Pixel

Anh trong thyc té 13 mot anh lién tuc vé khong gian va vé gia tri do sang. Dé
c¢6 thé XLA bang may tinh cin phai tién hanh sé hoa anh. Trong qua trinh s6 hoa,
ngudi ta bién doi tin hiéu lién tuc sang tin hiéu roi rac thong qua qué trinh 1dy mau
(roi rac hoa vé khong gian) va luong hoa thanh phan gia tri ma vé nguyén tic bang
mat thuong khong phéan biét dugc hai diém ké nhau. Trong qua trinh ndy nguoi ta
st dung khai niém Picture element ma ta quen goi la Pixel - phﬁn tor anh. Nhu vay,

mot anh 1a mat tap hop cac Pixel

1.3.2 Mirc xam — Gray level
Mikc xam 1a két qua suw md hod tuong ing mot cuong do sang cua mdi diém

anh v&1 mot gia tri s6 - két qua cia qua trinh Iugng hoa. Cach ma hoa kinh dién
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thuong dung 16, 32 hay 64 mirc. Ph6 dung nhat 1a mi hoa & mic 256, & muc ndy

moi Pixel s€ dugc ma hoa badi 8 bit.

1.3.3 Bién

Bién 1a mot dic tinh rat quan trong cua ddi tugng trong anh, nho vao bién ma
chung ta phan biét dugc d6i tuong nay véi ddi twong kia. Mot diém anh c6 thé goi
1a diém bién néu & do co su thay ddi dot ngot vé muirc xam. Tap hop cac diém bién

tao thanh bién hay con goi 1a dudong bao anh.

1.3.4 Lang giéng
Trong XLA c6 mot khai niém rat quan trong, d6 13 khai niém ldng giéng. Co

hai loai lang giéng: 4-ling giéng va 8-ldng giéng

4-ldng giéng cua mot diém (x,y) 1a mot tap hop bao gom lang giéng doc va
lang giéng ngang cta né:

N4((X9Y)) = {(X+19Y)9 (X_19Y)a (X7y+1)9 (Xoy_l)}

(1.1)

8-lang giéng cua (x,y) 1a mot tp cha cua 4-lang giéng va bao gém lang

giéng ngang, doc va chéo:
Ns((x,y)) = Na(y) oA (x+Ly+1),(x-Ly-1), (x+Ly-1),(x-Ly+1)}  (1.2)

1.3.5 Vung lién thong

Mot vung R dugc goi 1a lién thong néu bat ky hai diém (xa,y4) va (Xg,¥5)
thugc vao R co thé duge ndi boi mot duong (xa,ya) ... Kinyi1)s (Xi¥i), Kit1,¥ir1) ...
(Xg,yp), Ma cac diém (x;y;) thudc vao R va bat ky diém (x.y;) nio déu k& sat voi
diém trudc (xi1,yi.1) va diém tiép theo (xi:1,yis1) trén duong do6. Mot diém (x.yi)

duge goi 1a ké véi diém (x,,y;) néu (x,,y1) thudc vao lang giéng truc tiép ciia (xi.,y1).
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CHUONG 2 : MOT SO KY THUAT PHAN DOAN
ANH

Phadn dogn (segmentation) la mot qud trinh chia anh ra cdc vung con khac
nhau ma trong méi viimg chira cdc thiee thé ¢é ¥ nghia cho viéc phan 16p - méi thuc
thé dege xem la mét doi twong mang nhitng thong tin dic trung riéng. Cé rat nhiéu
ky thudt phin doan dnh, trong chwong ndy ching téi giGi thiéu mét so ky thudt tiéu
biéu nhu: Phdn doan dwa vao nguong, phan doan dwa vao bién, phan doan theo
mién dong nhat. Ciing cé thé thdy rang khong cé mét ky thudt phan doan nao la van
nang — theo nghia la c6 thé dp dung cho moi logi anh va ciing khéng cé mét ky

thuat phan doan anh nao la hoan hao.
2.1 PHAN DOAN DUA VAO NGUONG

2.1.1 Giéi thiéu chung

Bién d6 cla cac tinh chét vat 1y cta anh (nhu 13 d6 phan xa, do truyén sang,
mau sic ...) 1a mot ddc tinh don gian va rat hiru ich. Néu bién do du 1on dic trung
cho anh thi chung ta ¢ thé dung ngudng bién d6 dé phan doan anh. Thi dy, bién do
trong bd cam bién hong ngoai co thé phan anh ving c6 nhiét d thap hay ving co
nhiét do cao. Dic biét, k§ thuat phan ngudng theo bién d6 rat c6 ich ddi v6i anh nhi

phan nhu vin ban in, d6 hoa, anh mau hay anh X-quang.

Viéc chon ngudng trong k¥ thuat nay 1a mot budc vo cung quan trong, thong

thudng nguoi ta tién hanh theo cac bude chung nhu sau:

v Xem xét lugc d6 xam cua anh dé xac dinh va khe. Néu anh c6 nhiéu

dinh va khe thi cac khe c6 thé st dung dé chon ngudng.

v' Chon ngudng T sao cho mot phan xéac dinh trudc m ciia toan bo s mau

1a thdp hon T.

v" Diéu chinh ngudng dya trén xét luge do xam cuia cac diém 1an can.
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v' Chon ngudng bang cach xem xét luge dd xam cua nhimg diém thoa
tiéu chuan da chon.
Mot thuat toan don gian trong k¥ thut nay la: gia sir rang ching ta dang
quan tdm dén cac ddi tuong sang (object) trén nén t6i (background), mot tham sé T

- goi la ngudng do sang, s¢ dugc chon cho mdt anh {[x,y] theo céch:
If fixyl=T fIx,y] = object = 1
Else fIx,y] = Background = 0.
Nguoc lai, ddi véi cac doi tuong tdi trén nén sdng chung ta c6 thudt toan sau:

If flxyl<T flx.y] = object =1
Else fIx,y] = Background = 0.

Van dé chinh 14 ching ta nén chon ngudng T nhu thé nao dé viéc phan ving

dat duogc két qua cao nhét?.

Co rat nhiéu thuét toan chon ngudng: ngudng ¢ dinh, dua trén luogc dd, sir
dung Entropy, st dung tip md, chon ngudng thong qua sy khong 6n dinh cua 16p va
tinh thudn nhat cua ving vv... O day ching toi dé cap dén hai thudt toan chon

ngudng d6 1a chon ngudng cb dinh va chon ngudng dua trén luge do.

2.1.2 Chgn ngudng cb dinh

Day 1a phuong phap chon ngudng doc 1ap véi dit liéu anh. Néu chung ta biét
trude 1a chuong trinh ing dung s& lam viéc voi cac anh co do twong phan rit cao,
trong d6 cac dbi twong quan tam rat t6i con nén gan nhu 1a dong nhét va rit sang
thi viéc chon ngudng T= 128 (xét trén thang do sang tir 0 dén 255) 1a mot gid tri
chon kha chinh xac. Chinh xac ¢ day hiéu theo nghia 14 s6 cac diém anh bi phan 16p

sai la cuc tiéu.

2.1.3 Chgn ngudong dua trén lugce do (Histogram)

Trong hau hét cac trudong hop, ngudng dugc chon tir luge dd do sang cua

viing hay anh can phan doan. C6 rat nhiéu k¥ thuat chon ngudng tu dong xuat phat
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tir luge d6 xam {h[b] | b=0, 1, ..., 25-1} di dugc dua ra. Nhing k¥ thuat phd bién
s& duoc trinh bay dudi day. Nhing k¥ thuat ndy c6 thé tan dung nhimng loi thé do su
1am tron dit liéu lwgc dd ban diu mang lai nham loai bo nhitng dao dong nho vé do
sang. Tuy nhién cac thuat toan lam tron can phai can than, khong duoc lam dich
chuyén cac vi tri dinh cua luge dd. Nhan xét nay dan dén thuat toan lam tron duéi
day:

1 2

hsmooth [b] pal— z hmw [b B W] W lé (21)

w=—(W-1)/2
Trong d6, W thuong dugc chon 1a 3 hodc 5

2.1.3.1 Thuat toan dang liéu

Pay 1a k¥ thuat chon ngudng theo kiéu 1ap do Ridler va Calvard dua ra. Thuat

toan dugc mo ta nhu sau:

B1: Chon gié tri ngudng khoi dong 60=2B'1

- B2: Tinh c4c trung binh miu (my) cta nhimng diém anh thugc ddi tuong

va (my ) cua nhitng diém anh nén.
- B3: Tinh céc ngudng trung gian theo cong thirc:

My T

0, = 2 voik=1,2,...
(2.2)
- B4: Néu 6, =6, ,: Két thiic, dimg thuat toan.
Nguoc lai : Lap lai buoc 2.
2.1.3.2 Thuat toan doéi xirng nén
K¥ thuat nay dua trén sy gia dinh 1a tdn tai hai dinh phan biét trong lugc dd
nam ddi xing nhau qua dinh c6 gi4 tri 16n nhat trong phan lugc d6 thudc vé cac

diém anh nén. K¥ thuat nay c6 thé tan dung uvu diém cda viéc lam tron dugc mo ta
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trong phuong trinh (2.1). Pinh cuc dai maxp tim dugc nhd tién hanh tim gia tri cuc
dai trong lugc d6. Sau d6 thuat toan s& duoc ap dung & phia khdng phdi la diém anh
thudc doi twong g voi gia tri cuc dai d6 nham tim ra gia tri do sang a Gmg vai gia
tri phan trim p% ma: P(a) = p%, trong d6 P(a) 1a ham phéan phdi xac suit vé do sang

duoc dinh nghia nhu sau:
Pinh nghia: [Ham phdn phéi xdc sudt vé d¢ sang]

Ham phan phéi xdc sudt P(a) thé hién xdc sudt chon dwgc mot gia tri do
sang tir mot vung danh cho trudc, sao cho gia tri nay khong vuot qua mot gia tri
sdang cho trude a. Khi a bién thién tir -oc dén +oc, P(a) sé nhdn cdc gid tri tir 0 dén

1. P(a) la ham don diéu khong giam theo a, do vay dP/da > 0.
S6 diém anh 4

DPbi tuong

»

I’ maxp a Gia tri d0 sang

Hinh 2. Minh hoa thudt toan doi xung nén
O day ta dang gia thiét 1a anh c6 cac ddi tugng toi trén nén sang. Gia sir mirc
1a 5%, thi c6 nghia la ta phai & bén phai dinh maxp mot gia tri a sao cho P(a)=95%.
Do tinh d6i xtg da gia dinh & trén, ching ta sir dung do dich chuyén vé phia trai
ctia diém cyc dai tim gia tri nguong T:
T = maxp — (a — maxp) (2.3)
K¥ thuat nay dé dang diéu chinh duoc cho phii hgp vdi tinh hudng anh c6

cac doi tuong sang trén mot nén toi.
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2.1.3.3 Thuat toan tam giac
Khi mét anh c6 cac diém anh thudc ddi tugng tao nén mot dinh yéu trong lugc
dd anh thi thuat toan tam giac hoat dong rat hiéu qua. Thuat todn nay do Zack dé

xuat va duoc mo ta nhu sau:

- BI: Xay dung dudng thang A 1a duong ndi hai diém (Hpmax, bmax) V3 (Himin,
brin), trong do Hynay 12 diém co Histogram lon nhat ung véi muc Xxam by,

va Hy,, 12 diém c6 Histogram tng voi d§ sang nho nhat by,

- B2: Tinh khoang cach d tir Hy cua luoc dd (ing véi diém sang b) dén A.

Trong d6, b € [buax, bmin]-
- B3: Chon ngudong T = Max{H, }

Minh hoa thuat todn tam giac boi hinh vé€ nhu sau:

A <R 5 A
SO diém anh

»

Gia tri o sang

Hinh 3. Minh hog thudt toan tam giac

2.1.3.4 Chon ngwdng dbi véi Bimodal Histogram

Ngudng T dugc chon & tai vi tri cuc tiéu dia phwong cua histogram nam gitta
hai dinh cua histogram. Diém cuc dai dia phuong cua histogram c6 thé dé& dang
duogc phat hién bang cach sir dung bién doi chop mil (top hat) do Meyer dua ra: Phu

thudc vao tinh hudng chung ta dang phai lam viéc 1a véi nhung ddi tuong sang trén

Trwong PH Dan lgp Hai Phong—SV.Nguyén Thi Anh Thir Trang 13



Tim hiéu phirong phdp phdn doan dnh

nén toi hay d6i tugng tdi trén nén sang ma phép bién doi top hat s& c6 mot trong hai

dang sau:
a/ Cac d6i tuong sang:
TopHat(4,B) = A~ (A B) = A~ max(min(4)) (2.4)
b/ Céc d6i tugng tdi:
TopHat(A,B)=A—(A°B)=A— rr}gin(m?X(A)) (2.5)

Vi¢c tinh toan gia tri cuc tiéu dia phuong cua histogram thi kho néu
histogram nhiéu. Do d6, trong truong hop ndy nén lam tron histogram, vi du st

dung thuat toan (2.1).

»

SO diém anh 4

|
»

T Gia tri d'(f) sang
Hinh 4. Bimodal Histogram

Trong mdt s6 Gmg dung nhat dinh, cuong do cta ddi tugng hay nén thay doi
kha cham. Trong trudng hop ndy, histogram anh cé thé khong chtra hai thuy phan
biét rd rang, vi vy c6 thé phai dung ngudng thay d6i theo khong gian. Hinh anh
dugc chia thanh nhimg khéi hinh vudng, histogram va ngudng duoc tinh cho mdi
khdi twong tmg. Néu histogram cuc bd khong phai 1a bimodal histogram thi ngudng
duoc tinh bang cach ndi suy ngudng cua cac khéi lang giéng. Khi ngudng cuc bo da

c6 thi ap dung thuét toan phan ngudng & hinh 2.1 cho khéi nay.
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2.2 PHAN POAN DUA THEO BPUONG BIEN

2.2.1 Giéi thiéu chung

Nhu chiing ta da biét, Bién 1a mot déc tinh rat quan trong dé phan ving cac doi
tugng. C6 thé hinh dung tim qua trong cta bién thong qua vi du sau: Khi mot ngudi
hoa si v& mot cai ban gb, chi can phac thao vai nét vé hinh dang nhu cai mat ban,
cai chan ban ma khong can thém cac chi tiét khac, ngudi xem da c6 thé nhan ra do
1a cai ban. Vai nét phac thao cta ngudi hoa si chinh 1a duong bién bao quanh ddi
tuong. Néu g dung ciia ta 1a phan 16p nhan dién cac ddi tuong thi coi nhu nhiém
vu di hoan thanh. Tuy nhién, néu doi hoi thém cac chi tiét khac nhu van gd, mau
sic, kich thudc vv ... thi chimg dy thong tin 1a chua ddy du.

Trong toan hoc, nguoi ta dua ra khai niém duong bién ly twong nhu sau:
Duwong bién ly twong la sw thay doi gid tri cdp xdm tai mét vi tri xdc dinh. Vi tri
ciia dwong bién chinh la vi tri thay déi cdp xdm. Thé hién cua dinh nghia 13 hinh
ve 2

Murc xam

v

Hinh 5. Duong bién ly tuong

Mot loai dudng bién nira - dugc goi la duong bién bac thang: Pwong bién
bdc thang xudt hign khi sw thay doi cap xdm trdi rong qua nhiéu diém dnh. Vi tri
ciia dwong bién dwoc xem nhw vi tri chinh giiva ciia dwong noi giva cip xdm

thap va cap xam cao.
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Muc xam

_/

Hinh 6. Duong bién bdc thang

Trong thyc té duong bién ctia chung ta thuong c6 dang nhu sau:

Muc xam

Hinh 7. BDuong bién thuc

Nhu da noi ¢ trén, bién la mét trong nhiing ddc trung quan trong cua anh,
chinh vi vy ma trong nhiéu mg dung ngudi ta sir dung cach phan doan dua theo
bién. Viéc phan doan anh dua vao bién dugc tién hanh qua cac budc:

0 Phat hién bién va lam ndi bién
0 Lam manh bién
O Nhi phan hod duong bién

O MOJ ta bién

2.2.2 Phét hién bién

Phat hién bién mét cach 1y tuong 1a xac dinh duoc tit ca cac dudng bao trong
cac dbi tuong. CO nhiéu phuong phap phat hién bién, thong thuong chung ta st
dung phuong phap phat hién bién truc tiép. Phuong phap ndy nham lam ndi bién
dua vao sy bién thién vé gia tri do sang cia diém anh. K¥ thuat chu yéu dung & day

la k¥ thuit dao ham. Néu liy dao ham bac nhit ctia anh ta co6 phuong phap
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Gradient, néu liy dao ham bac hai ta c6 k¥ thuat Laplace. Phuong phap nay c6 uu
diém 14 it chiu 4nh huéng cua nhidu, song néu su bién thién cia d6 sang khong dot

ngot thi hi€u qua dat duoc 1a rat kém.

2.2.2.1 Ky thuat Gradient

Phuong phap Gradient 1a phuong phap do bién cuc b dua vao cuc dai cua dao
ham. Theo dinh nghia, Gradient 1a mot vécto c6 cac thanh phﬁn biéu thi tdc do thay
dbi gia tri cua diém anh theo hai hudng x va y. Cac thanh phan cta gradient duoc

tinh theo cong thurc:

af(xay):f zf(x+dx,y)—f(x,y)
Ox ! dx

Sy _ o Syt d)=[(x) (2.6)
oy g dy

trong d6, dx 1a khoang cach giita cic diém theo hudéng x (khoang cach tinh
bang s6 diém), dy 14 khoang cach giita cac diém theo huéng y. Thuc té, nguoi ta
hay dung véi dx =dy = 1.

V61 mét anh lién tuc f(x,y), cac dao ham riéng cua nd cho phép xac dinh vi
tri cyc dai cuc bo theo hudng ctia bién. Thuc vay, mét anh lién tuc dugc biéu dién

boi mot ham f(x,y) doc theo r vdi gde ¢ (toa do cuc):

f(x,y)= f(r.cosp,r.sin @) (2.7)

gradient dugc dinh nghia:

of of ox of oy .
Z=2 4 2 L = f cos@+ f,sin
or OxOr Oyor J.cosp f,sing

(2.8)
izg@+ala—y:—fxrsingo+f rCcosQ
dp oxOp Oy dp g

¢ 1a hudng cua bién khi:
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s,
Op
< —frsing+ frcosp=0
@tg(ﬁzé

Jy

y

 arere] 2
S actg(f]

Thuc ra, dao ham cua anh 1a khong ton tai vi f(x,y) khong lién tuc. O day, ta
chi str dung md phong theo ¥ nghia cta dao ham, viéc tinh toan 13 xap xi dao ham
bang k¥ thuat nhan chap. Trong phuong phap gradient, ngudi ta chia nho thanh hai
k¥ thuat (twong ung vai hai toan tir khac nhau):

+ K¥ thuat gradient dung toan tir gradient, 1dy dao ham theo mot hudng;

+ K§¥ thuat la ban dung toan tir la ban, ldy dao ham theo tam hudng: Bic,

Nam, Dong, Ty, va Pong Bic, Tay Béic, Pong Nam, Tay Nam.

2.2.2.2 Ky thuat Gradient
K¥ thuat gradient st dung mot cap mat na H;, H, tryc giao (theo hai huéng
vudng goc). Néu dinh nghia g,, gy la gradient tuvong Ung theo hai hudng x, y thi bién

d6 cua gradient tai diém (i,j)- ky hiéu 1a g(i,j) duoc tinh theo cong thirc:

gli.))= 4, =g, (. )+ 8, 0. )) 2.9
Goc o¢:
(1, ]) = arctan(———— 2.10
@, (i,j) =arc an(gy (Z,J)) (2.10)

C6 nhiéu toan tir dao ham khac nhau d3 duge ap dung. Em xin trinh bay mot
s6 toan tur tiéu biéu (twong Umg la cac mat na khac nhau) nhu Toan tir Robert, todn

tir Sobel, Toan tir Prewitt ...
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+/ Toan tir Robert (Do Robert dé xuit nam 1965): Toan tir nay 1a ap dung

truc tiép cua cong thure dao ham tai diém (x,y). Chon cap mat na H;, H, nhu sau:

0 1 -1 0
H, = , H, =
-1 0 0 -1
Véi mdi diém anh I(x,y) cua L, goi g,, g, tuong ung la cac dao ham theo cac

hudng x vay, ta co:

{gx(z‘,j) =I1(i+1,/)-1(,))

g, (i, 7)=1@,j+1)-1(,)) (2.11)
Pidu by twong duong véi viée chap anh véi hai mat na Hy, Hy:
g, )=13,j)®H, (2.12)

Nguoi ta goi Hy, H, 1a mdt na Robert.

Trong truong hop tong quat, gia tri gradient bién do g va gradient hudng o,
dugc tinh boi cong thue (2.9), (2.10). Ngoai ra, dé giam thoi gian tinh toan ta ciing

c6 thé dung cac chuan sau dé tinh g(i,):

4, =

2.6 )| +|g, ) (2.13)

g,(, J')\) (2.14)

Hogc 4, = Max(ng ()

2
Mot diém nita 1a: khi di chuyén mit na trén anh, truong hop gip cac diém
bién, thi coi cac diém ung voi mdt na & bén ngoai anh co gia tri 0.
+/ Toan tir Solbel:

Toén tir Solbel sir dung hai mat na H;, H, nhu sau:

-1 0 1 -1 -1 -1
H=|-1 0 1|,H,=|0 0 0 (2.15)
-1 0 1 111
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Khi do:

g (,)=10J)®H, = ii([(ﬂk,j+t)H1(k+1,z+1))

f=—1t=—1
3 o (2.16)
g, (i, )=1(i, )®H, =Y D ((i+k,j+1)H,(k+1t+]1))
L k=—11=-1
Hinh 3.2 minh hoa viéc x4p xi g, g, trong toan tir Solbel
1G-1,3-1) TGj-1) 1G+1,1)
IG-1,)) I(i,j) I(i+1,j)
IG-1,j+1) I(i,j+1) I(+1,j+1)
A\ 4
Hinh 3.2 Xap xi g, g, trong todn tir Solbel
+/ Toén tur Prewitt:
Str dung hai mat na:
-1 0 1 -1 -2 -1
H=-2 0 2| H,=0 0 0 (2.17)
-1 0 1 1 2 1
+/ Mit na dang hudng (Isometric):
Str dung hai mat na:
-1 0 1 -1 =2 -1
H=(-v2 0 V2| H,=|0 0 0 (2.18)
-1 0 1 12 1

Can cha y thém 1a cac chuan trong cong thirc (2.13), (2.14) di tao nén sy “vin
X04n” trong viéc tinh toan bién dg. Thuc vy, néu gx hodc g, béng 0thi A; =A, =
Ao, néu gx=gythitas€ cO A =gy, Ay =gy, Ay = gx\/i . Sau khi thyc hién tinh toan
theo cac cong thirc (2.12) va (2.16) ta thiay phuong phap Robert va Solbel ding

chuan A;.
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C6 thé nhan thiy rang viéc ldy dao ham mét tin hiéu c6 xu huéng lam ting
nhiéu trong tin hiéu d6. Thuc té da chirg minh cac toan tir Sobel va Prewitt tt hon
toan tir Robert vi chiing it nhay cam véi nhiéu hon. Ciing v6i muc dich nghién ctru
cac mit na cho két qua t6t hon, nguoi ta nghi dén viéc xem xét cac 1an can theo 8
hudng chinh — do6 chinh 1a phuong phép Kirsh va goi la toan tir Kirsh hay toan tur la

ban. Phan tiép theo chiing t6i dé cap dén toan tir nay.

2.2.2.3 Ky thuat la ban

Toan tir la ban do gradient theo 8 huéng ngugc chiéu kim dong hd, mdi
huéng cach nhau 45°. Khi d6: goi g la gradient la ban theo hudng 0, = n/2+2km,
voik=0,1,...,7.

C6 nhiéu toan tir la ban khic nhau, & day ta chi trinh bay mot cach chi tiét
todn tr Kirsh. Todn tr nay st dung mat na 3x3, mat na Hy ung vé1 hudng 0, voi k =

0,1,2,..,7. Mat na Hy — cho huéng 6, = 0° co dang nhu sau:

-3 =35
Hy=|-3 0 5
-3 =35

Trén co sé mat na géc dinh nghia thém 7 mat na khac nhau tir H, dén H, cho

7 hudng con lai: 45°, 90°, 135°, 180°, 225°, 270°, 315°.

3 5 5] 5 5 5 5 5 -3
H=-3 0 5 H,=-3 0 -3 H=5 0 -3
-3 -3 -3] -3 -3 -3 -3 -3 -3
5 -3 -3] -3 -3 -3 -3 -3 -3
H,=|5 0 -3 H,=|5 0 -3| H,=|-3 0 -3
5 -3 -3 5 5 -3 5 5 5

-3 -3 -3

H,=[-3 0 5 (2.19)
-3 5 5
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Néu ta ki hiéu A; v6ii=0,1,...,71a gradient thu dugc theo 8 hudng bdi 8

mat na thi bién do gradient tai I(i,j), ky hiéu la g(i,j) s€ duogc tinh nhu sau:

k=0.7) (2.20)

o(i, j)= Max(g, i, j)

Trong trudng hop tong quat, gia sir c6 n hudng cach déu twong ung véi cac

mat na W; voi1=0, 1, ..., n doi voi anh I, khi do:

A(xy) =Max(| W'I(x, )i = 0.L.....n), thyc chat day chinh 1a chuén A,.

2.2.2.4 Ky thuat Laplace

Cac phuong phap danh gia gradient & trén lam viéc kha t6t khi ma do sang
thay d6i rd nét. Khi mac xam thay ddi chdm, mién chuyén tiép trai rong, phuong
phap cho hi¢u qua hon do 1a phuong phap st dung dao ham bac hai — ta goi la
phuong phap Laplace. Theo ki thuat nay, vi tri bién ctia anh 1a chd trong anh c6
toan tir Laplace ddi dau, hay noi cach khac 1a tai giao diém cua n6 véi truc hoanh.
Toan tu Laplace dugc dinh nghia nhu sau:
o°f o0°f

+
ax*  dy’?

Vf= 2.21)

Toan tor Laplace dung nhi¢u ki€u mat na khac nhau dé xap xi roi rac dao ham

béc hai. Duéi day 14 ba kiéu mat na hay ding:

0 -1 0 -1 -1 -1 1 -2 1
H=l-1 4 -1 H,=|-1 8 -1 H,=|-2 4 =2 (2.22)
0O -1 0 -1 -1 -1 I -2 1

bé thay 10 viéc xap xi dao ham bac hai trong khong gian ro1 rac bodi méat na

H,, ta xét chi tiét cach tinh dao ham bac hai nhu sau:

Zx{ =2f(0,y)=f(x=Ly)=f(x+1y) (2.23)
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CE=2/) - Oy~ fley ) (224)
Luc do:

0? 0
\V& /= dxj: + W{ = -f(x-1,y)-f(x,y-1)H4f(x,y)-f(x,y+1)-f(x+1,y) (2.25)

Cong thirc (2.25) twong duwong v6i két qua nhan chap anh f(x,y) v6i mat na
HI1. Tuong tu, ta cling chiing minh dugc cach xép xi dao ham bac hai anh f(x,y) boi

cac mat na H, va H;.

Trong k¥ thuat Laplace, diém bién dugc xac dinh boi diém cat diém khong.
Diém khong 1a duy nhat cho nén k¥ thuat nay thuong cho dudng bién manh - tic 1a
duong bién co6 do rong khoang 1 pixel. Tuy nhién, do dao ham béac hai thuong
khong on dinh nén ban dd bién cua anh duoc xac dinh boi ky thuat Laplace thuong

chira nhiéu.

Hinh anh tiép theo minh hoa céc k¥ thuat phat hién bién.

OX
Khoa CNT *

T

(a) Anh goc (b) Robert
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(c) Sobel (d) Prewitt

(e) Laplace HI (f) Laplace H2

Hinh 8. Minh hoa mét sé phwong phdp phat hién bién

2.2.3 Lam manh bién

Lam manh bién thuc chat 1a 1am ndi bién véi dd rong chi 1 pixel. Ching ta
cling da biét rang chi co k¥ thuat Laplace méi cho bién c6 do rong 1 pixel trong khi
cac ky thuat khac thi khong hoan toan nhu thé. Van dé dit ra 1a sau khi thu duoc
ban dd bién cua anh chung ta cin phai 1am manh bién.

C6 rat nhiéu k¥ thuat lam manh bién ddi tugng noi chung hoic manh bién chi
noi riéng, & day ching to1 trinh bay hai thuat todn lam manh bién chit,, d6 la: k§

thuat “ Loai bo cac diém khong cuc dai” va k¥ thuat do Sherman dé xut.
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+ K§ thuat loai bé cac diém khong cuc dai:

Gia str anh I(x,y) gom gradient hudng va gradient bién do (con goi 1a ban do6
hudng va ban dd bién do). Vi mdi diém anh I(x,y), ta xac dinh cac diém lan can
ctia n6 theo huéng gradient, goi cac diém d6 13 I(xy, y1) va I(xa,y»). Néu I(x,y) 16n
hon ca 1(x;,y;) va I(x,,y;) thi gid tri cia I(x,y) s€ dugc bdo toan, ngugc lai ta gan gia

tri cua n6 bang 0 va xem nhu bi loai bé khoi bién.

+ K¥ thuat [am manh bién chit do Sherman dé xuat (v€ sau dugc Fraser cai tién va

ap dung cho anh nhi phan). K¥ thuat nay duoc mo ta tom tit nhu sau:

Tai mdi vi tri cira so, phan tir trung tdm s& dugc xo4 (ddi thanh trang) néu nd

thoa man mot trong hai diéu kién sau:
* N6 1a diém den duy nhét két ndi v6i hai diém den khong ké nhau.

* N6 1a diém den c6 duy nhat mot 1an cén ciing 1a diém den ngoai trir khong

ton tai mot chuyén doi nao tai phan tur trude no.

2.2.4 Nhij phan hoa dwong bién

Nhi phan héa duong bién 1a giai doan then chdt trong qua trinh trich chon vi
n6 xac dinh dudong bao nao thyc su can va duong bao nao ¢o thé loai bo. Noéi chung,
ngudi ta thuong nhi phan hoa dudng bién theo cach thirc 1am giam nhiéu hoic tranh
hién tugng kéo soi trén anh. biéu nay cling giai thich tai sao phan doan dua theo
bién ¢ hiéu qua khi anh c6 do twong phan tot. Trong trudng hop nguoc lai, c6 thé
s& bi mat mot phan dudng bao hay duong bao c¢6 chan, khong khép kin, v.v.., do d6
s& bit loi cho biéu dién sau ndy. Mot phuong phép hay duoc dung 13 chon ngudng
thich nghi. Vi cach chon nay, ngudng sé& phu thudc vao hudng cua gradient nham
lam giam sy xo4n cua bién. Pau tién, nguoi ta dinh ra mot ngudng nao d6 va sau d6
str dung mot hé s sinh thich nghi théng qua 101 giai toan tir dao ham theo hudng

tim duoc dé tinh chinh.
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2.2.5 Mo ta bién

Khi d4 c6 ban d6 bién anh, ta can phai biéu dién n6 dudi dang thich hgp phuc
vu cho viéc phan tich va 1am giam luong thong tin dung dé miéu ta, luu trir d6i
tuong. Ngudi ta thudng thuc hién theo nguyén tic: tach riéng timg bién va gan cho
moi bién mot ma.

C6 rat nhiéu phuwong phap miéu ta bién, mdi phuong phép thich hop véi mot
loai trng dung riéng. Tuy nhién, nhin chung cac bién s€ dugc lam ro6 hon thong qua
cac thao tac: loai bo duong bién h¢, khép kin dudong bién, loai bd céc chan rét bAm

theo duong bién vv...

Thong thudng, cic cu tric co s mi hoa dudng bién bao gom 4 loai: diém,
doan thang, cung va duong cong. Tuy nhién, néu ta biéu dién duong bién boi cac
diém thi rat don gian vé mat tinh toan nhung lai nghéo nan vé mat cdu tric va
khong c6 dong. Nguoc lai, néu biéu dién bién boi dudng cong da thic bac cao thi
cAu tric dir liéu rat c6 dong nhung do phirc tap tinh toan lai kha 1én. Do do, tuy
ting loai tmg dung cu thé va ting bai toan cu thé ma ching ta ¢ thé chon cach ma
hoa duong bién theo kiéu ndo. Dudi ddy, chung t6i trinh bay mét sé phuong phap

ma hoa duong bién hay dung.

2.2.5.1 Ma hoa theo toa dé Pécac

Puong bién cia anh duoc biéu dién béi mot danh sach cac diém anh tao nén
duong bao. Goi C 1a duong bao anh, C(i,j) 1 cac diém thugc C. Cach biéu dién nay
rat don gian, viéc tinh toan kha nhanh nhung c6 nhugc diém la khong lam giam tai
dugc luong thong tin. Viéc ma hoa stir dung k¥ thuat tim kiém thong tin theo chiéu
sau trén cdy. Néu ap dung mot cach don thudn k¥ thuat nay ta s& thu duoc mot
dudng bién c6 ton tai mot s6 diém xudt hién hon mot 1an. Pé lam min bién — nghia
12 mbi diém trén bién chi xuat hién mot 1an ching ta s& phdi hop voi viée kiém tra 8
lién thong.

Thuat toan Contour Following dugc moé ta nhu sau:
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Void CountFoll (Pic, Depth)

{
For each point I(x,y) do
{ If I(x,y) € C then
{Root < I(x,y)
KQ « CountFoll (Root, 0)
If KQ then Dem < Dem+1.
}
}

2.2.5.2 Ma hoa Freeman

Phuong phéap nay biéu dién dudng bién bang viéc sir dung vi tri twong ddi ciia
diém trén bién v6i diém trude. Nguyén tic ma hoa nhu sau: sir dung mat na ¢ hinh
< > dé x4c dinh ma cia mdi diém trong 8 lién thong so véi diém & tam, sau d6 tir
mot diém di cho trén bién nguoi ta ma hod dudng bién bang cach di theo no. Thong

thuong nguoi ta hay ma hoa duong bién theo goc gilra cac cung — xem hinh <>

3 2 1
¥ o
4 0
e
5 6 7

Hinh 9. Lién thong va ma huong tuwong vng
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~ ]/
N7

-1 -2 -3

Hinh 10. Ma hoa theo goc

(14 st ta ¢O ban do bién nhu sau:

Xuit phat

Néu ma hoé theo cung thi ma duong bién1a {6 0 7 0 2 0 0 2 4 3 54 4}, con
néu ma hoa theo goc thitacé6 {2 2 -1 122022 -12-10}

2.2.5.3 Xap xi b&i doan thang

Nguogc voi hai cach ma hod & trén, k¥ thuat ma hoa boi doan thang khong cho
phép khoi phuyc tat ca cac thong tin chira dung trong dudng bién nhung lai co thé
xap xi n6 boi doan thang véi dd chinh xac phu thudc vao ngudi dung. Thuét toan

xap xi boi doan thang duoc md ta nhu sau:
- BI: Chon diém xuét phat R.

- B2: Noi R v6i diém dang xét P, — ta duoc doan thiang RP,
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- B2: Tinh d; = Max {d; - khoang céch tur cic diém P; nam giira R va P, dén
doan thang RP, }

- B3:Néu d; > 0 - ngudng cho trudce, con goi la d chinh xac cua xap xi thi

phan doan RP, thanh hai doan RP; va P;P, Sau d6, 1ap lai budc 2.

Nguoc lai, néu d; <0 - tirc 1a doan thang dang xét “rat gan” voi cung cua

bién thi dung thuat toan.

Thuat toan s€ dat hi¢u qua rat cao néu chung ta chon dugc d chinh xac cua
xap xi hop 1i. Po chinh xac cang thap, thong tin mo ta cang cd dong. Ciing trong
phuong phap xdp xi boi doan thang, c6 mot cach tiép can khac voi phuong phap

trén, d6 1 phép bién doi Hough [Tr 143 - 147)].
2.3. PHAN DOAN THEO MIEN DONG NHAT

2.3.1 Gidi thiéu
Gia st rang mot mién anh X phai duoc phan thanh N ving khac nhau: Ry, ...,
Ry va nguyén tic phan doan 1a mot vi tir cia cong thirc P(R). Viéc phan doan anh

chia tap X thanh céc tap con R;, 1 = 1..N phai thoa man:

> Cac vung R;, i=1..N phai 1ap kin hoan toan anh:
x=Jr, (2.26)

» Hai vung khéc nhau phai 1a nhiing tap hop ro1 nhau:

R, AR, =0 vOii#] (2.27)
> MGdi ving Ri phai c6 tinh dong nhat:

P(R;)) =TRUE v6ii=1..N (2.28)

> Néu Ri, Rj 14 hai ving roi nhau thi (Ri URj) phai 1a mot ving anh khong

dong nhit:

P(R; U R;) = FALSE véi i #] (2.29)
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Két qua cua viéc phan vung anh phu thudc vao dang cua vi tir P va cac dac
trung duogc biéu dién boi vecto dic trung. Thuong thi vi tor P c6 dang P(R,X,t),
trong d6 X 1a vecto dic trung gin véi mot diém anh va t 1a mot tap hop cac tham sé
(thuong 1a cac ngudng). Trong truong hop don gian nhét, vecto dic trung X chi
chira gia tri mic xam cia anh I(k,1) va vecto ngudng chi gdm mot ngudng T. Mot
nguyén tic phan doan don gian ¢ cong thirc:

P(R): f(k,l) < T (2.30)

Trong truong hop cic anh mau, vecto dic trung X c¢6 thé 1a ba thanh phan

anh RGB [fr(k,]), fo(k,D), fa(k,))]". Liac d6 luat phan ngudng c6 dang:

P(Rx,): (fr(k,])<TR)&& (fo(k,1)<Tr)&&(fa(k,)<TR)) 2.31)

2.3.2 Phuwong phap tach cay tir phan

Phuong phap tach cay tir phan dya trén nguyén tic kiém tra tinh hop thirc cua
tiéu chuan dong nhat mot cach tong thé trén mién 16n. Néu tiéu chuan duoc thoa
viéc phan doan coi nhu két thiic. Trong truong hop nguogc lai, chia mién dang xét
thanh 4 mién nho hon, 4p dung dé quy bang phuong phap trén cho mdi mién nho
hon cho dén khi tat ca cac mién déu thoa man tiéu chuan dong nhat.

Thuét toan dugc mo ta nhu sau:

Procedure PhanDoan(Mien)
Begin
If mién dang xét khong thoa Then
Begin
Chia mién dang xét thanh 4 mién: Z1, 72, Z3, Z4
For i=1 to 4 Do PhanDoan(Z1)
End
Else Exit
End;
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Thuét toan nay tao nén mot cdy ma mdi nat cha co6 4 nat con & moi
muc, trir muc ngoai cung. Vi thé cdy nay co tén la cay tir phan. GOc cua cay la anh
ban dau, mot vung thoa ti€u chuan tao nén mét nit 14, néu khong sé tao nén mot nut

nhanh .

Gia st chon tiéu chuan phan ving 13 mau sic va quy uéc moi diém cta ving
12 mau tring s& tao nén mot nht 13 tring va twong ty nhu vay voi nat 14 den. Nut
mau ghi c6 nghia I ving khong thuan nhét va phai tiép tuc chia.

Hinh 4.1 a-e minh hoa thuat toan tach cdy t& phan: anh goc (a) dugc chia
thanh 4 phﬁn duoc két qua phan muc 1 (b), tiép tuc thuc hién ddi voi cac phén nho,

ta dugc phan muc 2, 3.

a) Anh gbc
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b) Phan mrc 1

¢) Phan muc 2
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d) Phan muc 3

181119 AN (21| B2A (23| 2O (25| X (27 (28| BN (30 (31 (32

e) Cay tuwong ung

Hinh 11. Phuong phap tach cay tw phdn
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2.3.3 Phwong phap phan viung béi hop

Phuong phap phan vung bdi hop thao tac nguoc lai véi phuong phap tach
ciy tir phan, nghia 13 xuat phat tir cac mién nho nhat — cac diém anh rdi hop chung
lai néu thoa mén tiéu chuin dé ra dé duoc mién dong nhét 16n hon. Tiép tuc véi cac
mién thu dugc cho dén khi ta khong thé hop nhét chung v6i nhau nita, luc nay sd
mién con lai chinh 13 cic phan ving ctia anh. Viéc hop nhét hai mién phai thoa man

hai nguyén tac sau:
- Hai vung phai ké can.
- Hai vung phai dap tng ti€u chuan, nhu cung mau, cung mirc xdm hay
cung két cau vv ...
Gia st vung R; c6 n di€ém, luc @6 gia tri trung binh m; va do 1€ch ti€u chuan
o; dugc tinh theo cong thirc:

m, _1L D I(k,D) (2.31)

M (k ek,

o, = \/l > (k) —m,) (2.32)

N (k1er,

Hai ving R, va R, c6 thé hop thanh mot ving néu m, —m,| <7 va diém I(k,
1) s& dugc hop véi ving R; néu \[(k,l)—m,|<T,v6i T la mdt ngudng.

Pau tién chung ta ¢ gang hop diém (k, 1) véi mot trong cac ving 1an can R;.
Néu viéc hop khong thanh cong thi ta hop véi cac ving khac da co. Néu van khong
thanh cong hodc khong c6 ving 1an can ton tai thi diém nay duoc coi 1a mot ving
moi.

Sau khi hop nhat (k,1) vao viing R thi ta phai cap nhat lai gia tri trung binh va

d0 1&ch tiéu chuan:
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, 1
m, =——{Ik,)+n*m,) (2.33)
n+1
0-2=\/ Lo + 1.y -m ) (2.34)
' n+l ' n+l l '

Néu c6 nhiéu hon mét ving 1an can thoa mén thi hop diém (k, 1) v6i ving R;

sao cho su khac biét |1 (k,1)— m,.| nho nht.

Ciing trong phuong phap phap phan ving boi hop, ¢6 mot cach tiép can khéac
v6i k¥ thuét trén, d6 1a phuong phap phan ving dya vao do thi. Phan ving dua trén
d6 thi tim cach hop nhat hai mién R; va R; theo tinh chat so sanh gitra hai cip mién.

Thuat toan nay dugc ching t6i trinh bay chi tiét & chuong 3.

2.3.4 Phwong phép tong hop

Hai phuong phéap vira xét o trén c6 mot s6 nhuge diém. Phwong phap tach
tao nén mot cu trac phan cap va thiét 14p méi quan hé giira cac ving. Tuy nhién nd
thuc hién viéc chia qua chi tiét. Phuong phap hop cho phép lam giam s6 mién lién
thong xudng tdi thiéu nhung ciu trac hang ngang dan trai, khong cho ta thdy mdi
lién hé giita cac ving. Chinh vi nhuge diém nay ma ta nghi dén phuong phap phbi
hop ca 2 phuong phap. Trude tién ding phuwong phap tach dé tao nén cay tir phén,
phan doan theo hudng tir gdc dén 1a. Tiép theo tién hanh duyét cdy theo chiéu
nguoc lai va hop cac viing co cing tiéu chuan. V&i phuong phap nay ta thu duoc
miéu ta cdu tric cta anh v6i cac mién lién thong cé kich thudc téi da

Giai thuét trén gdm mot s budc sau:

1. Kiém tra tiéu chuan dong nhat

1.1. Néu khong thoa va sé diém trong ving 16n hon mét diém, tach
lam 4 ving (trén, dudi, tri, phai) bang cach goi dé quy. Néu két qua tach xong va

khong tach dugc nita chuyén sang budc ii.
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1.2. Néu tiéu chudn dong nhét 1a thoa thi tién hanh hop ving va cap
nhat gid tri trung binh cho vung.
2. Hop ving: Can kiém tra 4 1an can da néu trén. C6 thé ¢ nhiéu ving thoa
mén khi d6 ta chon ving tdi wru rdi tién hanh hop.
Phuong phéap nay thu dugc két qua s ving 1a nhé hon phwong phap tach va

anh duoc lam tron hon.
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CHUONG 3 : PHAN POAN ANH DU'A VAO PO
THI

Phdn doan anh dya vio do thi la mot phwong phép tiép cén khd hién dai dwa
trén thugc tinh non-local ciia anh dau vao. Phwong phdp ndy phat hién ra bién giita
hai viing cia anh bang cach so sanh sw khédc nhau giita néi ving (inter-component)
voi sy khac nhau voi cac vung khac. Thudt toan phan doan dwa vao dé thi tudn theo
chién lwgc tham lam, c¢é thoi gian chay gan nhw tuyén tinh, nhung van dam bdo
dwoc viéc phan doan chinh xac va hiéu qua.

3.1 Giéi thiéu

Céc phuong phap phan doan anh c6 dién déu c6 chung mot nhuoc diém la
chay rat cham trong cac ing dung XLA va hau nhu khong nim bat dugc cac thude
tinh non-local quan trong cua anh. Vi vy, hau hét cac nghién ctru ctia nhitng nam
gan day déu c6 xu hudng tim kiém mot k¥ thuat phan doan c6 kha nang xir Iy trong
co s¢ dir liéu anh 16n mét cach nhanh chéng, chinh x4c va hiéu qua. Ky thuat phan
doan dya vao d6 thi dugc mé ta & day khong nhirng vira ndm bat duoc cac dic tinh
non-local ma do phuc tap tinh toan chi 1a O(nlogn) ddi v6i buc anh c6 n diém anh
(pixel).

Gidng nhu cic phuong phap phan cum c6 dién, phuwong phap nay ciing dwa
trén viéc chon céc canh tir mot do thi. Do thi nay duoc xay dung bz"mg cach coi moi
diém anh 1a mot dinh, hai diém anh ké& nhau thi duoc ndi boi mot canh vo hudng,
trong s6 trén mot canh thé hién sy khac nhau gitra hai diém anh. Tuy nhién, phuong
phap nay thuc hién viéc diéu chinh su phan doan dya vao mirc do thay doi gitta cac
mién lan cén cua anh.

Léy mot vi du don gian thé hién viéc nim bat duoc cac dic tinh non-local ctia
phuong phéap nay. Hiy dé y vao anh phia trén bén trai cua hinh []; hau hét ta déu néi

rang buc anh nay c6 ba mién phan bi¢t: mot hinh chit nhat & nira bén trai, mét hinh
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chir nhét dic ¢ giita nira bén phai va phan bao quanh hinh chit nhat dic nay. Vi sao
ta khiang dinh duoc nhu thé? Chic chin do6 1a thudc tinh quan trong cua sy tri gidc
(perceptually) va ching t6i tin ring cac dic trung nay ciing s& duoc niam bét boi

thuat toan phan doan.

Hinh 12. Vi du vé nhén dang cdc viung anh

Phuong phép phan doan dua vao d6 thi s& tim d4u hiéu dudng bién giira hai
vung bﬁng cach so sanh hai dai lugng: mot 1a dya vao cuong do khac nhau doc theo

duodng bién va hai la dya vao cuong do khac nhau gitta cadc diém anh vdi moi vung.

3.2 Phan doan dwa vao do thi

Cho G = (V,E) 1a mot d6 thi vo hudng véi cac dinh vie V, 1a tap hop cac phan
ttr can duoc phéan doan va cac canh (v;,v;) € E, twong g v6i cic cdp dinh lan can
nhau. Mdi canh (v ,vj) € E c6 mot trong s6 twong mg, trong s6 1a mot s6 khong 4m
do su khac nhau gitta hai phﬁn tir 1an can v; va vj, ky hiéu w(vi, v;). O day trong )
ctia cach canh do su khac nhau giita hai diém ndi boi canh d6 (c6 nhiéu mic do

khéc nhau: mau sac, vi tri, sy van dong hoac cac thudc tinh khac).
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Nhu vay phan doan mdt bic anh 1a vi¢c phan chia V thanh cac thanh phén,
méa mdi thanh phan (hodc mién) C € V tuong dwong v4i mot thanh phan lién thong

trong dd thi G’ =<V,E’>, E’ c E.

3.3 Tinh chéat cua so sanh cap mién

Pé co thé dé dang dinh luong déu hiéu ciia mot duong bién gitta hai ving
trong anh, ching ta dinh nghia mét tinh chit D. Tinh chét nay dua vao d¢ do su
khac nhau gitta cac phan tir doc theo mot dudng bién ctia hai thanh phan lién quan
nham do sy khac nhau giita cac phan tir 1an can trong mdi thanh phan. Két qua 1a so
sanh sy khéac nhau gitra nd1 vung (inter-component) vdi su khac nhau véi cac vung

khac.
Trude hét, ta dinh nghia d¢-khac-ndi vung (internal difference) va do-khac-
gitra-hai-vung (difference between two components).

Do-khac-ndi-ving (internal difference) ctia mot thanh phan C < V 1a trong sd

16n nhit trong cdy téa nhanh t6i thiéu ctia thanh phan dé, ki hiéu Int(C). Khi d6:

In(O= max w(e) 3.1)

ecMSTCE)

bo¢-khac-gitra-hai-vung (difference between two components) C;, C, c V, 1a
trong s6 nho nhat cia cac canh ndi giira hai ving, ki hiéu 1a Dif{C;, C,). Khi d6:

Di(G,C min  w@,v)) (3.2)

Vi Eq 1Y) eQ’(Vl Vi )GE

Néu khong c6 canh ndi nao gitta C; va C, thi dat Dif (C,,C,)=x. DJ do su
khac nhau nay vé nguyén 1y thi van c6 vé mo hd, vi nd chi phan anh dugc canh c6
trong s6 nho nhat ndi gitra hai thanh phan. Diéu nay ciing phan anh rét rd trong qué
trinh chay thtr nghiém.

Mot khai niém c6 lién quan trong dinh nghia vé tinh chat D 13 gia tri khac-noi-

vung nho nhét, ki hiéu Mint. Gia tri MInt dugc dinh nghia nhu sau:
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Mint (C,,C,)=min(Int(C,)+ 7(C,), Int(C,) + 7(C,)) (3.3)

Ham ngudng t diéu khién mirc d6 khac nhau giita hai thanh phan, sao cho
gi4 tri ndy phai 16n hon cac gia tri khac-ndi-viing ctia cac thanh phan dé nhiam muc
dich nhan ra duong bién giira chiing. D6i véi cac thanh phan nho, Int(C) 1a ko du t6t
dé u6c luong cac dic tinh cua dir liéu. Trong mot sd truong hop khi
|C| =1, thi Int(C) =0 véi |C| 1a kich thudc cla thanh phan C. Khi d6 ching ta sir
dung mot ham ngudng dua trén kich thude cua thanh phén:

7(C) = k/|C| (3.4)

v6i k 1a mot tham sb héng. Trong thuc té thi k dugc chon khong nho hon kich thudc

ctia thanh phan nho nhat.
Lic nay tinh chit so sanh gitra hai cap mién C; va C,, ki hiéu D(C,;, C;) duoc
dinh nghia nhu sau:

true if D(C,,C,) > MInt(C,,C,)

false otherwise

D(CI’CZ):{ (3-5)
3.4 Thuat toan va cac tinh chat

Trong muc nay ching t6i dua ra mot thuat toan phan doan st dung ti€u chuén
quyét dinh D dd mé ta & trén. Ta s& chi ra rang phan doan bang thuét toan nay s&
tuan theo cac thudc tinh khéng qua tho (too coarse) va cling khong qua min (too

fine), theo cac dinh nghia sau day.
3.4.1 Dinh nghia 1

Mot phan doan dugc xem 1a qua min néu ton tai mot sd cap mién C;, C, € S
ma gitra hai mién nay ko c6 dau hiéu cia duong bién

Pé dinh nghia dugc nhitng khai niém b sung cho phan doan qua tho, ching

to1 dua ra khai niém tinh chinh (refinement) cua mot phan doan.
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Cho hai phan doan S va T cta cing mot tip co sd, ta noi rang T 1a mot tinh
chinh (refinement) cta S khi mdi thanh phan ciua T dwoc chira trong (hodc bang)
mot s6 thanh phan cua S. Va ta ciing n6i rang T 1a mot tinh chinh dung (proper

refinement) ciia S khi T # S.

Chu ¥ rang néu T 14 tinh chinh dung cta S thi T ¢6 thé duoc chira boi mot

hodc mét sb cac mién trong S va S dugc goi 1a thd hon T.

3.4.2 Dinh nghia 2

Mot phan doan dugce xem 1a qud tho khi ton tai mot tinh chinh ding cua S ma

phéan doan d6 van chua la qua min.

Van dé dit ra 1a liéu c6 phai ludn ludn ton tai phan doan khong qua thd ciing

khong qua min hay khéng? Va néu ton tai thi phan doan d6 c¢6 1a duy nhat khong?.

Thuc té cho thay 1a n6i chung ludn c6 thé c6 nhiéu hon mot phan doan khong
qua thd cling khong qua min, do d6 phan doan nay 13 khong duy nhat. Pay 13 mot
tinh chat dic biét cua phan doan anh dya trén dd thi va duoc ching minh chi tiét &

muc 3.4.3

3.4.3 Tinh chit 1
Véi mot @6 thi hiru han G = (V,E) bat ky ludn t6n tai mot s phan doan S

khong qua thé ma ciling khong qua min.

Chimg minh: Chiing ta d& dang nhan thiy 14 tinh chat nay dung. That vy, néu phan
doan ma tit ca cac phan tir déu nam trong mot thanh phan, thi phan doan nay la
khong qua min, vi n6 chi c6 diing mot thanh phan (dinh nghia 1). Néu ma phan
doan nay cling khong qua tho thi coi nhu xong. Nguoc lai, theo dinh nghia 2, thi s&
¢6 mot tinh chinh ding ma ko qua min. LAy mot trong s céac tinh chinh d6 va lap

lai thu tuc nay cho dén khi chung ta s& thu dugc mot phan doan khong qua thé.
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Trd lai voi thuat toan phan doan dya trén dd thi, thuat toan nay gﬁn voi thuat
toan Kruskal xay dung cay toa nhanh t6i thiéu ciia mot do thi. DO phtrc tap cua thuat

toan 1a O(m log m), trong d6 m 14 sé canh ciia db thi.

3.4.4 Thuat toan 1

Thuat todn phan doan

Input: P thi G = (V,E), gém n dinh va m canh.

Output: Mot phan doan cua V thanh cac thanh phan S = (Cy, Ca,...).
Thuat toan:

- Budc 0: Sap xép cac canh cia G theo thir tu khong giam cua trong so.
7 =(0,,0,,...,0,,

- Budc 1: Bét dau voi phan doan S°, luc nay mdi dinh nidm trong mot thanh
phan.

- Bude 2: Lap lai buéc 3 véiq=1,....m

- Bude 3: Xay dung S? tir ST nhu sau: Cho v; va v; 1a hai dinh néi v6i nhau
badi canh thtr g, tirc 1a oq = (Vi,Vj). Néu v; va Vi nam trong hai thanh phan tach roi
nhau cua ST va w(0g) nho hon sy khac-nhau-ndi-ving cua céd hai thanh phan thi
tron hai thanh phén nay véi nhau, nguoc lai khong lam gi ca. Cu thé hon, goi C'1a
thanh phan ctia S*' chira v; va C;*' 1a thanh phan ctia S*' chira v;. Néu /™' # cr'
va w(o,) < MInt(C{”',C?") thi S? thu duge tir S*' bang cach tron C;*' voi CF.
Nguoc lai 9= 8"

- Budc 4: Tra vé két qua S = S™.

Chung ta s& chimg minh rang phan doan S duoc xiy dung trong thudt toan

trén 1a tuan theo cac thudc tinh toan cyc khi sir dung tinh chét so sanh cap mién di

dinh nghia trong phan trudc. Nghia 1a mac du thuat toan chi dwa vao cac quyét dinh
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tham lam nhung phan doan dugc xiy dung van thoa min cac thudc tinh toan cuc.

Pé chig minh diéu nay ching ta xem xét cac bd dé va cac dinh 1y sau day:
3.45B6dé1
Gia sit C¥' va ;%" biéu dién hai thanh phan dugc ndi v6i nhau bang canh o,

= (v3,vj) thi C; = C;*' hodc C; = C;*' ma C; 1a thanh phan chira v; va C; la thanh phan

chtra v; trong phan doan S cudi cung.
Chtng minh: Khi hai thanh phan khong duoc tron v6i nhau thi ¢ hai trudng
hop c6 thé xay ra.
Hoac 1a w(o0,)> Int(C!™)+7(C!™), hodc 1a w(o,)> Int(C!™")+7(C!™"). Vi cac
canh duoc sap xép theo chidu khong giam cua trong s6, nén w(o, ) > (o ,) V61 moi k

>=q+1. Do d6 khong c6 thém phép tron nao xay ra nira.

3.4.6 Dinh Iy 1

Phéan doan S sir dung tinh chét so sanh mién D va thuat toan 1 13 khong qua

min theo dinh nghia 1.

Chimg minh: Theo dinh nghia, dé S 1a qué qua min thi phai c6 mot so cip thanh
phan ndo d6 ma D khong nim bét dugc. Thé thi phai ton tai it nhat mot canh giita
hai thanh phan ciing cdp vi theo budc 3 cua thudt toan thi ching khong dugc tron

thanh 1 mién. Chang han cho o , = (v;,v;)1a canh c6 th tu dau tién. Trong truong
hop nay thi theo thuat toan trén C/"' va C?¢"'khong dugc tron vao nhau, nghia la
w(o,) > MiIn«(C/™',C™"). Theo b6 dé 1 chiing ta biét rang C, = C/™' hoic Cc,=C.
Mot trong hai diéu niy xay ra nghia 1a w(o ) > Mint(C,,C,), diéu nay chung to6 D

nam bét dugc ca C,va C ; . bayla diéu mau thudn, vay dinh Iy duoc chimg minh.

3.4.7 Pinh Iy 2

Phéan doan S sir dung tinh chat so sanh mién D va thuét toan 1 1a khong qua

tho theo dinh nghia 2.
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Chung minh: Dé S 1a khong qué tho thi phai c6 mot sé phép tinh chinh hop 1y
T, sao cho né van chua 1a qua min. Xem xét canh c6 trong sb nho nhét e nam trong
thanh phan C e S nhung khac véi 4, BeT. Theo dinh nghia vé phép tinh chinh thi
AcC va BcC. Vi T la khong qua min, nén hodc 1a w(e) > Int(A4) + (A4) hodc
w(e) > Int(B)+7(B) . Khong mét tinh tong quat, gia st biéu thuc dau dung, khi d6
bang cach xdy dung mot két ndi tir A t6i mot thanh phan con ctia C. Trong sd cia
canh nay cung 1am 1a bang w(e) vi w(e) > In#(4). Ma theo thuat toan thi khi xem xét
dén céac canh trong tap da sap xép theo chiu khong giam ciia trong s6, phai xem xét
tat ca cac canh trong cdy khung MST(A,E) trudc khi xem xét cac canh tir A dén mot
thanh phan khac ciia C. Do d6 thuat toan phai xay dung A trudc C, va trong budc
xay dung C thi phai tron A voi mot thanh phan con cta C. Trong sd ciia canh ndi
giita A va thanh phan nay 16n nhét 1a w(e). Tuy nhién thuat toan da khong tron A vi

w(e) > Int(A) + 7(A), ddy 12 mot mau thun. Vay dinh ly da duoc chirng minh.

3.4.8 Dinh Iy 3

Phan doan theo thuat toan 1 khong phu thudc vao vige sép xép cac canh theo

thir ty khong giam cua trong so.

Chimng minh: Bat ki mdt thtr tu sap x€p nao cling dugc thay doi chi bang cach
ddo vi tri ctia cac phan tir lién ké. Diéu nay chi ra rang bang cach d6i chd thir ty ciia
hai canh lién ké cung trong so0 thi sy sap xép khong gidm cua cac canh van khong

thay d0i, va két qua phan doan dugc sinh ra theo thuat toan 1 cling khong thay doi.

Cho e, va e, 1a hai canh c6 cung trong s6 lién ké nhau trong day canh sau khi
sap xép. RO rang 1a khi thuat toan xem xét canh dau tién trong hai canh thi ching
két ndi giira hai thanh phan tach roi hay néi chinh xac hon 13 hai cip ciia cac thanh
phan, nén tht ty cta hai canh nay 1 khéng thanh van dé. Chi con trudng hop ching
ta can thiét kiém tra d6 13 kiém tra 1a khi e, két ndi giira thanh phan A va thanh phan

B va e, 1a két ndi giita mot trong hai thanh phan A hodc B v6i mot thanh phan C.
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Bay gio chung ta chi ra rang e; 1a cin nguyén cia phép tron khi xem xét sau
e,. Piéu nay ngu y rang w(e,) < Mint(4, B). Néu e, thay vi dugc xem xét trudc e,
thi ca e, va e; van la cin nguyén cua phép tron, hoic 1a e, cling 1a cin nguyén cia
phép tron trong trudng hop thanh phan méi cia B U C ¢ Int(B U C) = w(e,) = w(e,)
Do d6 chung ta biét rang w(e, ) < MInt(4, B C) van ngu ¥ rang e; van la cin nguyén
ctia phép tron. Mit khac, gia sir rang e, khong 13 can nguyén cta phép tron néu né
dugc xem xét sau e,. Tuc 1a w(e)>Mint(4,B). Do d6 hodc la (1)
w(e,) > Int(A) + 7(4) hodc 1a (2) w(e,)> Int(B) + (B). Trong truong hop (1) van
dung néu e, dugc xem xét trudc. Trong trudng hop (2) néu e, duoc xem xét trude
thi né c6 thé khong phai 1a can nguyén cia mot phép tron vi w(e,) = w(e,) va do do
w(e,) > MInt(B,C) . Vay khi xem xét e, sau e, chung ta van c6 w(e,) > Mint(A4, B) va

e; khong la can nguyén cua phép tron.

3.4.9 D§ phirc tap tinh toan
Thoit gian thuc hién cua thuat todn nay dugc chia lam hai phﬁn:

Mot 1a thoi gian can thiét dé sip xép day trong sd theo chiéu khong giam
(budc 0). Dbi véi diy s6 nguyén thi didu nay c6 thé thuc hién trong thoi gian tuyén
tinh. C6 rat nhiéu phwong phap sap xép co thé thuc hién trong thoi gian O(mlogm)

v&i m 1a s6 lugng canh.

Hai 14 thoi gian thue hién budce 1-3. Dé kiém tra dugc hai dinh c6 cung chung
trong mot thanh phan hay khong ching t6i sir dung bién set-find trén mdi dinh
nham luu lai s6 hiéu thanh phan ma dinh d6 dang phu thudc vao. Dé tron hai thanh
phé‘ln lai v61 nhau chung t6i chi viéc hi€u chinh lai cac bién set-find ciia mot trong
hai tap dinh. MInt dugc tinh trong trong mot hang thoi gian néu biét dugc Inf va
kich thuéc ctia mdi thanh phan. Int ciing dugc tinh trong mot hang thoi gian cho
mdi phép tron, vi canh co trong sd 16n nhat trong ciy khung nhoé nhit ciia mot thanh
phan 13 cin nguyén cta phép tron. Co dugc diéu nay vi bd dé 1 néi rang cin nguyén

ctia phép tron chinh 1a canh co trong sb nho nhat giita hai thanh phan duoc tron.
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Kich thudc cta thanh phan sau khi tron bang tong kich thudc cta hai thanh phan
trude khi tron. Vay do phirc tap tinh toan tir bude 1 dén bude 3 cua thuit toan 1a

O(ma(m)) trong d6 o 12 ham Ackerman nghich déo, m 1a sé canh cua d6 thi.
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CHUONG 4: CAI PAT THU NGHIEM

4.1 Dinh dang anh PPM (PPM format)
PPM Ia mét dinh dang anh kha cii, né dung dé miéu ta mot vai anh mau don
gian. PPM file giéng nhu mot text file véi viéc khong nén bat ky mét dit liéu anh

nao. Picu do6 tao di€u kién thuan loi cho viéc doc va xu ly file.

V61 mot PPM file anh trong thuc té

Ta c6 thé miéu ta birc anh d6 nhu sau:

P3

4 3

255
O0OO0OO0OO0O0OOO0OO0O255 00000 255 255 255 255 O
O 150 150 255 0 0 0 255 0 O 150 150 255 150 150 255

O day P3 1a mot PPM file , dong tiép theo 4 3 1a cho ching ta biét vé
chiéu rong va chiéu cao cta anh.Tiép theo 1a dung dé chi ra 1a buc anh 256
mau (0....255) .Tat ca cac s6 ¢ dong tiép theo 1a dit liéu vé diém anh, bat dau
tir gid tri du tién ¢ bén trai doc theo timg hang. Vi du ,0 0 0 mo ta diém anh
dau tién vé bén trai co gia tri RGB 13(0,0,0) thi d6 1a mau den( black ), véi gia
tri mau cudi cing 150 150 155 dung dé mo ta diém anh cudi cung & goc phai
tuong Ung voi gid tri mau RGB(150,150,255) d6 la mau xanh da
troi(blue).Chiing ta c6 thé thay rang dir liéu anh trong PPm file 1a khong duoc
nén , boi vay nod chiém dung lugng kha 16n. Vi du véi mot bic anh phao hoa

theo dinh dang JPG (mdgt dinh dang anh khéc) né chi chiém 8K ,nhung biéu
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dién voi dinh dang anh PPM thi n phai chiém 176K. Thuan loi cua dinh
dang anh PPM la kha dé dang trong khi 1am viéc véi cac diém anh (c6 thé
doc va dé dang rat trich tir PPM file) nhung no lai chiém mot khoang khong
gian luu trir kha 16n.Do vay khi viét chuong trinh can sir dung PPM file ta

nén dung anh nhé dé thuén loi cho viéc test chuong trinh.

4.1Cai dat thir nghiém

Cécc thuat toan quen thudc nhu st dung ngudng ¢d dinh, phat hi¢n bién, thuat toan
déng lidu,... da duoc cai dat kha nhiéu , do vay trong khuon khd dd an em tién
hanh cai dat theo ding thuat toan phan doan anh bang do thi bang C++ trong moi
truong Microsoft. Thuat toan chay nhanh va phan doan cta bic anh tuong d6i

chinh xac.
Duoi day la mot s6 doan ma chinh cua chuong trinh:
Thu tuc phdn dogn mot burc anh theo thudt toan 1:
Input:
- *im: Con tr6 tro dén birc anh mau dau vao.
- sigma: tham s6 dé 1am tron diém anh.
- c:
- min_size:
Output:
- Btic 4nh sau khi phan doan. Mdi ving duoc gan mot mau ngau nhién.
Noi dung:
image<rgb> *segment image(image<rgb> *im, float sigma, float c, int min_size,
int *num_ccs) {

int width = im->width();
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int height = im->height();

image<float> *r = new image<float>(width, height);
image<float> *g = new image<float>(width, height);

image<float> *b = new image<float>(width, height);

// lam tron theo tung thanh phan mau (red, green, blue)
inty, x;

for (y = 0; y < height; y++)

{
for (x = 0; x < width; x++)
{
imRef(r, x, y) = imRef(im, x, y).r;
imRef(g, x, y) = imRef(im, x, y).g;
imRef{(b, x, y) = imRef(im, x, y).b;
b
}

image<float> *smooth _r = smooth(r, sigma);
image<float> *smooth g = smooth(g, sigma);
image<float> *smooth b = smooth(b, sigma);
// xay dung do thi tu buc anh input sau khi da lam tron
edge *edges = new edge[width*height*4];
int num = 0;
for (y = 0; y <height; y++)

{
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for (x = 0; x < width; x++)

{
if (x < width-1)

edges[num].a =y * width + x;

edges[num].b =y * width + (x+1);

edges[num].w = diff(smooth_r, smooth_g, smooth b, x, y, x+1, y);
num-+-+;

}
if (y < height-1)

edges[num].a =y * width + x;

edges[num].b = (y+1) * width + x;

edges[num].w = diff(smooth_r, smooth g, smooth b, x, y, x, y+1);
num-+-+;

}
if ((x < width-1) && (y < height-1))

edges[num].a =y * width + x;
edges[num].b = (y+1) * width + (x+1);
edges[num].w = diff(smooth_r, smooth g, smooth b, x, y, x+1, y+1);

num-+-+;

}

Trwong PH Dan lgp Hai Phong—SV.Nguyén Thi Anh Thir Trang 50



Tim hiéu phirong phdp phdn doan dnh

if (x <width-1) && (y > 0)) {

edges[num].a =y * width + x;

edges[num].b = (y-1) * width + (x+1);

edges[num].w = diff(smooth r, smooth g, smooth b, x, y, x+1, y-1);
num-++;

}
}

b

delete smooth_r;
delete smooth_g;

delete smooth_b;

//goi thu tuc de phan doan anh, thuc chat la phan doan graph.
universe *u = segment_graph(width*height, num, edges, c);
for (int i = 0; i < num; i++) {
int a = u->find(edges[i].a);
int b = u->find(edges[i].b);
if ((a !=b) && ((u->size(a) < min_size) || (u->size(b) < min_size)))
u->join(a, b);
}
delete [] edges;

*num_ccs = u->num_sets();
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image<rgb> *output = new image<rgb>(width, height);

// lay ngau nhien cac cac mau cho moi thanh phan sau phan doan
rgb *colors = new rgb[width*height];
for (i = 0; 1 < width*height; i++)

colors[i] = random_rgb();

for (y = 0; y <height-1; y++) {
for (x = 0; x < width-1; x++) {
int comp = u->find(y * width + x);
imRef(output, X, y) = colors[comp];
}
b
return output; // tra ve buc anh sau khi phan doan
}
Thii tuc phdn doan mét do thi segment _graph
Input:
- num_vertices : sd luong dinh.
-numb_edges: s6 luong canh

- *edges: danh sach canh. moi canh géom 3 tham so6. a - dinh dau, b-dinh cudi, w-

trong s6 cua canh.
- ¢ : s6 luong thanh phan.

universe *segment_ graph(int num_vertices, int num_edges, edge *edges,
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float ¢) {
// sap xep cac canh theo chieu khong giam

std::sort(edges, edges + num_edges);

// tao cac thanh phan lien thong, moi thanh phan chi co 1 dinh

universe *u = new universe(num_vertices);

// khoi tao nguong

float *threshold = new float[num_vertices];
inti=0;

for (1=0; 1 <num_vertices; i++)

threshold[i] = THRESHOLD(1,c);

// duyet tuan tu cac canh trong danh sach canh da sap xep
for (i=0; 1 <num_edges; i++)
{

edge *pedge = &edges[i];

//

int a = u->find(pedge->a);

int b = u->find(pedge->b);

if (a!=b) {

if ((pedge->w <= threshold[a]) &&

(pedge->w <= threshold[b])) {
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u->join(a, b);
a =u->find(a);
threshold[a] = pedge->w + THRESHOLD(u->size(a), c);

}

delete threshold;

return u;

}

//ham find(int x) de tim mot phan tu trong tap hop
int universe::find(int x) {
inty=x;
while (y !=elts[y].p)
y = elts[y].p;
elts[x].p=1y;
return y;

}

// ham joint de ket hop 2 mien lien thong thanh 1
void universe::join(int x, int y) {

if (elts[x].rank > elts[y].rank) {
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elts[y].p = x;
elts[x].size += elts[y].size;
} else {
elts[x].p=y;
elts[y].size += elts[x].size;
if (elts[x].rank == elts[y].rank)

elts[y].rank++;

num--;

4.3 Mot s6 két qua minh hoa
Phén doan anh cay dira voi cac tham sé K=0.5, sing= 500, min_size=50 thi két

qua anh dugc chia thanh 29 phan nhé va d6 mau mot cach ngiu nhién.
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Vé6i anh c6 gai ta phan doan v6i tham sd nhu sau K=0.5, sing= 1000,

min_size=10 thi chia btc dnh thanh 206 thanh phan khac nhau .
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KET LUAN
5.1 Noi dung cta doé an

5.1.1 Cac két qua dat dwoc
Trong qua trinh nghién ciru tai liéu va thyc hién d6 an dudi su dinh hudng cua

thiy huéng din em thay ban than da dat dugc mot sd két qua nhu sau:

= Tim hiéu dugc mot cach téng quan cac vin dé vé XLA va phan doan anh.
Em d3 c¢6 mot cach nhin c6 hé théng vé cac phuong phap phan doan anh
va cac thuat toan trong mdi phuong phap. Pdng thoi biét dugc diém
manh/yéu cua timg phuong phap va cé thé dua ra cach lya chon phuong

phép phu hop voi ting loai anh. .

= Trong chuong 3 em di tim hiéu va cai dit dugc mot phuong phap cai tién
phuong phap phan doan duya vao do thi. Phuong phép nay phan doan
nhanh va hi€u qud. N6 st dung dugc cac thudc tinh local va non-local cua
buc anh dé ting cudng kha nang phan doan chinh xéc.

= Ngoai ra, trong qua trinh nghién ctru em ciing ty tich Ity thém cho minh
cac kién thac vé toan hoc, vé ky thuat lap trinh,...Va quan trong la rén

luyén k¥ nang dé thyuc hién mot nghién ciru khoa hoc.
5.1.2 Mot s6 han ché cin khic phuc
Bén canh nhiing két qua dat dugc em tu théy ban luén van van con mot sd han
ché.

* Chua dua ra dugc mdt phuong phép phan doan méi hoan toan. Trong
khuon khoé mot d6 an tdt nghiép ,em méi chi trinh bay lai cac kién thic

tim hiéu dugc chtr chua dé xuat duoc mot phuong phap hoan toan méi.
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* Do thoi gian c6 han, nén viéc trinh bay cac thuat todn phan doan cling
chua duogc hé théng va khoa hoc. C6 nhiéu thuat toan dugce trinh bay so

luogc.

= PO an cling chua chi ra dugc cac Ung dung thuc té ctua cac thuat toan

phén doan.

5.2 Céng viéc tiép theo
Dua trén nhiing két qua budce dau da dat dugc trong dd 4n, em c6 dé xuit mot sb cai

tién thuat todn phan doan dé phan doan hiéu qua hon trong tuong lai.

»  Xay dung mot ung dung xtr Iy anh hoan chinh dya theo céac thuat toan da
trinh bay trong luan van. Ung dung nay nham phan doan anh dé nhan dién
dugc cac thanh phan c6 trong anh. Trich rat ra cac ddi tuong c6 trong anh
va dat tén cho chung.

= Céc thuat toan phan doan trinh bay trong luan vin ap dung ddi voi anh
tinh, trong thoi gian t6i, em hy vong c6 thé tim hiéu va phat trién cac thuat

toan phan doan doi véi anh dong hodc cac doan video ngan.
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