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DANH MUC TU VIET TAT

Ki hiéu viét tat Giai thich
XLA Xt 1y anh
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LOI MO DAU

Trong vai thap ky qua, khai thac da ting cta thong tin trong anh hai hay
nhiéu chiéu van 1a chu dé cua rat nhiéu bai nghién ctru. Pac biét sy thong dung cua
k¥ thuat anh trong nhiéu nganh nhu y hoc, vat 1y, héa hoc... dd 1am ddy manh qua
trinh xt 1y anh bang may tinh dé khai thac dit liéu anh 16n nhim dua ra san phim
mong mudn. Phan doan 14 mot nhiém vu nodi bat nhét trong ung dung anh cuy thé
nhu nhirng gi lién quan t6i phan loai d6i twong, hinh dang, phén tich chuyén dong...
Vi nhiéu Iy do ma xac dinh cac ddi twong mot cach chinh xac va hiéu qua rat quan

trong trong Xt 1y anh trén may tinh va cong viéc nay duogc goi la phan doan anh.

Trong thoi gian dau, cac phuong phap phan ving anh duoc dwa ra chu yéu
lam viéc trén cac anh muc xam do cac han ché vé phuong tién thu thap va luu trit.
Ngay nay, cing véi su phét trién vé cac phuong tién thu nhan va biéu dién anh , céac
anh mau da hau nhu thay thé hoan toan cac anh muac xam trong viéc biéu dién va
luu trit thong tin do cac wu thé vuot troi hon han so véi anh mie xam. Do dé, cac ki
thuat, thuat giai maéi thuc hién viéc phan vung anh trén cac loai anh mau lién tuc
dugc phét trién dé dap ung cac nhu cau méi. Céc thuat giai, k¥ thuat nay thudng
duoc phat trién dua trén nén tang cc thuat giai phan ving anh mic xam da co san.

Muc dich chinh cta em 1a tim hiéu phwong phap cuc tiéu ning luong dua
trén do dong nhat va do khong 6n dinh cho phan doan anh. Va dugc trinh bay trong
4 chuong:

Chuong 1: Trinh bay tong quan vé xu ly anh va phan doan anh bao gém céc
khai niém co ban, so d6 tong quat cia mot hé thdng xtr 1y anh va cac van dé co ban
trong xir 1y anh, vai tro, nhiém vu cua phan doan anh.

Chuong 2: Giéi thiéu cac hudng tiép can chinh trong phan doan anh, bao
gom: cac phuong phap dua trén khong gian dic trung, cac phuong phap dua trén
khdng gian anh, cac phuong phap dya trén md hinh vat ly. Trong chuong nay, em
cling xin trinh bay hai thuat toan phan doan anh, dé la thuat toan Entropy cuc dai va
thuét toan do chia nho nhat.

Chuong 3: Trinh bay phuong phap cuc tiéu ning luong dya trén d6 dong
nhat va d6 khong 6n dinh cho phan doan anh bao gom: gidi thiéu tong quan, co s&
ly thuyét cua phuwong phap, tién trinh giai thuat.

Chuong 4: Cai dat chuong trinh, dwa ra mot s6 két qua va danh gia.

Lé Thi NgocMai-CT1101
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CHUONG 1: TONG QUAN VE XU LY ANH VA PHAN POAN ANH

Xw Iy anh la linh vuc mang tinh khoa hoc va cong nghé. No la mot nganh
khoa hoc méi mé so véi nhiéu nganh khoa hoc khdc nhung téc dé ciia né phat trién
rdt nhanh, kich thich cdc trung tam nghién ciru, 1ing dung, ddc biét la may tinh
chuyén dung cho né. Khodang hon muwoi nam tré lai ddy, phan ciing mdy tinh va cdc
thiét bi lién quan da co sy tién bé vuot bdc vé téc do tinh todn, dung lwong chira,
kha néing xir Iy... va gid ca da giam dén mirc mdy tinh va cdc thiét b lién quan dén xir
Iy anh da khéng con la thiét bi chuyén dung nita. Khdi niém dnh so da tré nén thong
dung voi hau hét moi nguoi trong xd hgi va viéc thu nhdn anh 56 bcing cac thiét bi

cd nhan hay chuyén dung cung voi viéc dwa vao may tinh xuw ly da tro nén don gian.

1.1  Tong quan vé xir ly anh (XLA)
1.1.1 XLAlagi?

Qua trinh XLA 13 qué trinh thao tic anh dau vao nham cho ra két qua mong

muén. Két qua dau ra c6 thé 1a mot anh “tot hon” hodc mot két luan [1].

Anh

A 4

anh “tdt hon”
Xir Iy anh /
\

Két luan

Hinh 1.1 Qua trinh XLA

Anh ¢6 thé xem 14 tap hop cac diém anh va mdi diém anh duoc xem nhu 13
dac trung cuong do sang hay mot dau hiéu nao do6 tai mét vi tri nao do cua doi
tugng trong khong gian va né thé xem nhu mot ham n bat bién P(cy, Cy, Cs,...,Cn).

Do d6, anh trong XLA c6 thé xem nhu anh n chiéu.
Muc dich cua XLA la:
v’ Bién doi dnh lam tang chdt lwong anh:
Phuong phap bién doi anh duoc str dung trong viéc xir ly cac anh chup
tir khong trung (chuong trinh do dac tr may bay, vé tinh va cac anh vi tru) hoac xu
ly cac anh trong y hoc (anh chup cat lat, anh siéu 4m, vv...). Mot tng dung khéc
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cua viéc bién doi anh 1a ma hoé anh, trong d6 cac anh dwoc xtr 1y dé roi luu trix
hoic truyén di.
v' Tw dong nhdn dang, dodn anh, danh gid néi dung anh:

Céc phuong phap nhan dang anh duoc sir dung khi xir ly t& bao, nhiém
sic thé, nhan dang chir vv... Thuc chét cia cong viéc nhan dang chinh 1 sy phan
loai dbi trong thanh céc 16p dbi tuong da biét hoic thanh nhiing 16p ddi twong chua
biét. Bai toan nhan dang anh 12 mét bai toan 16n, co rat nhiéu ¥ nghia thuc tién va ta
cling c6 thé thay rang dé cong viéc nhan dang tré nén dé dang thi anh phai dwgc
tach thanh cac dbi tugng riéng biét — day 1a muc dich chinh cta bai toan phan doan
anh. Néu phan doan anh khéng tét s& dan dén sai lam trong qué trinh nhan dang
anh, boi vay ngudi ta xem cong doan phan doan anh 1a van dé then chét trong qué
trinh xt ly anh noi chung.

1.1.2 So @6 tong quat XLA

Thu nhan Tién xr 1y Phan doan Biéu dién Nhéan dang
anh anh va mo ta va ndi suy

4
A 4
A 4
\ 4

/ Co s6 tri thace /

Hinh 1.2. Céc budc co ban trong XLA

v" Thu nhdn anh (Image Acquisition):

Anh ¢6 thé nhan qua camera mau hoic den trang, scanner hay giac
quan... Thuong anh nhan qua camera va scanner I anh twong tu hoic anh sé (voi
cac camera d3 s hoa).

Camera thuong dung 1a loai quét dong; anh tao ra c6 dang hai chiéu.
Chat lugng cua anh thu dugc phu thudc vao thiét bi thu va méi treong (anh sang,
phong canh).
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v Tién xir Iy (Image Processing):

Sau khi thu nhan, anh c6 thé nhiéu, d6 trong phan thap nén can dua vao
bo tién xur Iy dé ning cao chat luong. Chirc ning chinh cua bo tién xir ly 1a loc
nhiéu, nang d6 twong phan 1am cho anh rd hon, nét hon.

v’ Phdn doan anh (Image Segmetation):

Phén doan anh 14 tdch anh ban dau thanh cac vung thanh phan dé biéu
dién phan tich hoic nhan dang anh. Pay 1a phan phtc tap, khé khin nhat trong
XLA, ciing d& gay 16i, lam mét d6 chinh xé4c cua anh. Két qua nhan dang anh phu
thugc rat nhiéu vao cong doan nay.

v Biéu dién anh (Image Representation):

Anh dau ra sau phan doan chira cac diém anh cua ving anh (anh da phan
doan) cong véi ma lién két vai cac viing 1an can. Viéc bién doi cc sé liéu nay thanh
dang thich hop 1 can thiét cho xir 1y tiép theo bing may tinh. Viéc chon céc tinh
chat dé thé hién anh goi la trich chon dic trung (Feature Selection) gin vai viéc
tach cac dic tinh cta anh dudi dang cac théng tin dinh lwong hoic lam co so dé
phan lép ddi teong nay véi ddi twong khac trong pham vi anh nhan duoc. Vi dy:
trong nhan dang cac ky tu, ta miéu ta cac dac trung cua tirng ky tu, giup phan biét
Ky tu nay vai Ky tu khac.

v Nhdn dang va ngi suy anh (Image Recagnition and Interpretation):

Nhan dang anh 1a qua trinh xac dinh anh. Qua trinh nay thuong thu duoc
bang cach so sanh v&i mau chuan da dugc hoc (hodc luu) tir trudge. Noi suy 1a phan
doan theo ¥ nghia trén co s& nhan dang. C6 nhiéu cach phan loai khac nhau vé anh.
Theo ly thuyét vé nhan dang, cac md hinh todn hoc vé anh duoc phan theo hai loai
nhan dang co ban:

- Nhan dang theo tham so.

- Nhan dang theo cAu trc.

Mot sé dbi twong nhan dang kha pho bién hién nay dang duoc ap dung
trong khoa hoc va cong nghé la nhan dang ky tu, nhan dang van ban, nhan dang van

tay, nhan dang ma vach, nhan dang khuén mat...

v Co so tri thirc (Knowledge Base):

Anh 12 mét d6i twong phic tap vé duong nét, do sang téi, dung luong
diém anh, moi truong dé thu nhan anh phong ph, kéo theo nhiéu. Trong nhiéu khau
xu ly va phan tich anh, ngoai viéc don gian hoa cac phuong phap toan hoc dam bao
tien loi cho xu 1y, ngudi ta bat chude quy trinh tiép nhan va XLA theo cach caa con
ngudi. Trong cac budc xu 1y d6, nhiéu khau hién nay da xir 1y theo cac phuong
phap tri tué con nguoi. Vi vay, ¢ day co so tri thirc dugc phat huy
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1.1.3 M0 ta (biéu dién anh)

T hinh 1.1, anh sau khi s6 héa s& dugc luu vao bo nhé hoic chuyén
sang khau tiép theo dé phan tich. Néu lwu tri anh truc tiép tir anh tho, doi hdi dung
lwong bo nhé phai cuc 16n va khéng hiéu qua theo quan diém ¢ng dung va cong
nghé. Thong thudng, cac anh thé d6 dugc biéu dién lai (hay don gian 1a ma hoa)
theo cac dic diém cua anh goi 1a dic trung anh (Image Features) nhu bién anh
(boundary), vuing anh (Region). Mét sé phuong phap biéu dién thudng dung:

- Biéu dién biang ma chay (Run-Length Code).

- Biéu dién biang ma xich (Chaine Code).

- Biéu dién bang ma tt phan (Quad-Tree Code).

v Biéu dién bang ma chay:

Phuong phap nay thuong biéu dién cho viing anh va ap dung cho anh
nhi phan. M6t viing anh R ¢c6 thé ma hoa don gian nhd mot ma tran nhi phan:
U(m, n) =1 néu (m, n) R
U(m, n) =0 néu (m, n) R
Trong d6: U(m, n) 1a ham m6 ta muc xam anh tai toa do (m, n). Véi
cach biéu dién trén, mot ving anh duoc md ta bang mot tap cac chudi 0 hoic 1. Gia
st ta mo ta anh nhi phan ciia mot ving anh duoc thé hién theo toa do (X, y) theo cac
chiéu va dic ta chi ddi voi gié tri “1”, khi d6 dang mé rat cd thé 1a: (x, y)r; trong do,
(x, y) la toa dd, r 1a s6 lugng cac bit c6 gia tri “1” lién tuc theo chiéu doc hoac chiéu
ngang (xem hinh 1.3).

0 1 2 3 4 5

g A W DN

Hinh 1.3. Biéu dién anh biang ma chay
(1, 1)2, (2, 2)2, (3, 3)2, (4, 4)1
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v Biéu dién bang ma xich:

Phuong phép thudng dung dé biéu dién duong bién anh. Mot duong
bit ky duoc chia thanh cac doan nho. N&i cac diém chia, ta c6 dugce doan thang ké
tiép duoc gan hudng cho doan thing d6, tao thanh mot day xich gém cac doan. Céc
huéng co thé chon 1a 4, 8, 12, 24,... mdi huéng duoc ma hda theo sé thap phan
hoic s6 nhi phan thanh ma caa huéng (xem hinh 1.4).

3 2 1
4 0
5 6 7

Hinh 1.4. Biéu dién anh bang ma xich (8 huéng)
A 111110000 001 000110 101 011 100 010

v Biéu dién bang ma tiz phan:

Phuong phap mi tir phan duoc dung dé ma hoa cho ving anh. Ving
anh dau tién duoc chia 1am bén phan thuéng 1a bang nhau bang nhau. Néu mdi
ving 1a dong nhat, tic 12 chia toan diém den (1) hay toan diém trang (0) (xem hinh
1.5. &))., thi gan cho viing d6 mot ma va khdng chia tiép. Cac ving khong dong nhat
duogc chia tiép 1am bon phan theo thi tuc trén cho dén khi tat ca cac ving déu déng
nhat. Cac ma phan chia thanh cac viing con tao thanh mot cay phan chia thanh céc
ving dong nhat (xem hinh 1.5. b)).
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o [17118] |
6 1 9

g
7

17

18

19 28

b)

Hinh 1.5. Biéu dién anh bang ma ta phan
a) Chia anh thanh cac ving déng nhat
b) Cay phan chia

1.1.4 Cac khai niém co ban
v’ Anhsé

Goc cua anh (anh tu nhién) 1a 4nh lién tuc vé khong gian va do sang. bé xu

Iy bang may tinh, anh can phai dugc sé hoa. S6 hoa anh 1a su bién doi gan dung mot
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anh lién tuc thanh mot tap hop diém phu hop voi anh that vé vi tri (khong gian) va

do sang (murc xam)
v’ Diém dnh (pixel)

Diém anh (pixel) 12 mot phan tir ciia anh sb tai toa do (x, y) trong khong gian
anh 2 chiéu v6i dd xam hodc mau nhét dinh. Kich thudc va khoang cach gitra cac
diém anh d6 duoc chon sao cho mit ngudi cdm nhan sy lién tuc vé khong gian va
mirc xam (hodc mau) cua anh sd gan nhu anh that. M&i phan tir trong ma tran goi 13
mot phan tir anh.

v Muzc xam

Mirc x4m ciia mot diém anh 1a cudng do sang cua né, dugce gan bang gia tri
50 tai diém d6

- Céc thang gia tri mac xam théng thuong: 16, 32, 65, 128, 256 (muc
256 1a pho bién nhat, & mirc nay mdi pixel duoc ma hoa bai 8bit).

- Anh tring den: 1a anh chi c6 2 mau tring va den (khong chtra mau
kh&c) véi mirc xam ¢ cac diém anh c6 thé khac nhau.

- Anh nhi phan: 1a anh c6 2 muc trang den phan biét, tac 1a dung 1bit
mo ta 2" mac khac nhau. N6i cach khac: mdi bit diém anh nhi phan chi cé thé 12 0
hoac 1.

- Anh mau: trong khuon kho 1y thuyét 3 mau (Red, Green, Blue) dé tao
nén thé gi¢i mau, nguoi ta thuong dung 3 byte dé md ta mac mau, khi d6 cac gia tri
mau: 28°=2%*~16,7 triéu mau.

- Anh xam: 1 truong hop dic biét cia anh mau khi gia tri mau Red,
Green, Blue bang nhau.

v Bién

Bién 12 mot dac tinh rat quan trong cua ddi tuong trong anh, nho vao bién ma
ching ta phan biét duoc ddi tuong nay vai dbi tuong kia. Mot diém anh cé thé goi
la diém bién néu & d6 c6 su thay d6i dot ngot vé mac xam. Tap hop cac diém bién
tao thanh bién hay con goi 1a duong bao anh.

v’ Léng giéng

Trong XLA c6 mot khai niém rat quan trong, d6 1a khai niém lang giéng. C6
hai loai lang giéng: 4-lang giéeng va 8-1ang giéng.
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(%, y-1)
o o o

(x-1,y-1) \ / (x+1,y-1)

(X']-! y+1)
(x, y+1)

Hinh 1.6 Cac lang giéng cuia diém anh (x, y).

4-lang giéng cua mot diém (x,y) 1a mot tap hop bao gom lang giéng doc va
lang giéng ngang cua no:

N4((X1y)) = {(X"'l’y)’ (X'l,Y), (X!y+1)1 (le-l)} (11)
8-lang giéng cua (x,y) 1a mot tap cha cua 4-1ang giéng va bao gdm lang giéng
ngang, doc va chéo:

NS((le)) = N4((X,y))U{(X+1,y+1),(X-l,y-l), (X+1,y-l),(X-l,y+l)} (12)
v Vung lién thdng

Mot ving R duoc goi 1a lién thong néu bat ky hai diém (Xa,Ya) V& (Xg,Ys)
thudc vao R ¢6 thé duoc ndi boi mot duong (Xa,Ya) ... (Xit,Yit), i Yi), Xist,Yic) ...
(Xs,Yg), ma cac diém (x;y;) thuoc vao R va bat ky diém (x;,yi) nao déu ké séat véi
diém trudc (Xi.g,Yig) va diém tiép theo (Xis1,Vis1) trén dudng do. Mot diém (X, Vi)
duoc goi la ké véi diém (x,,y;) néu (x,,y)) thudc vao lang giéng truc tiép caa (Xi,Yi)-

1.2 Téng quan vé phan doan anh

Phan doan anh 1a mot thao tac & muc thap trong toan bo qua trinh xu Iy anh.
Qua trinh nay thyc hién viéc phan ving anh thanh cac ving roi rac va dong nhat véi
nhau hay néi cach khac 1a xac dinh cac bién cta cac vung anh do6. Cac ving anh
d6ng nhat nay thong thuong sé tuong tng véi toan b hay ting phan cua cac doi
tuong that sy bén trong anh. Vi thé, trong hau hét cac tng dung caa linh vuc XLA,
thi giac may tinh, phan doan anh luén dong mot vai tro co ban va thuong la budc
tién xir Iy dau tién trong todn bo qua trinh truéc khi thuc hién cac thao tac khac ¢
mtc cao hon nhu nhan dang dbi twong, biéu dién d6i tuong, nén anh dua trén doi
tuong, hay truy van anh dwa vao noi dung...

Lé Thi NgocMai-CT1101



16
Trude hét can lam rd khai niém “ving anh” (Segment) va dic trung vat 1y
clia ving. Vung anh 13 mot chi tiét, mot thuc thé tréng toan canh. N6 13 tap hop cac
diém anh c6 cing hodc gan cing mot tinh chit ndo d6: mirc xam, mirc mau, do
nham... Ving anh 1a mot trong hai thudc tinh cta anh. N6i dén ving anh 1a néi dén
tinh chit bé mit. Pudng bao quanh mét ving anh 13 bién anh (Boundary). Cac diém
anh trong mot ving anh c6 d6 bién thién gia tri mic xam twong ddi dong déu hay

tinh két cdu turong dong.

Nguong (Threshold) 1a mot khai niém kha quen thudc trong xtr 1y anh ciing
nhu rat nhiéu giai thuat khac. N6 dung dé chi mot gia tri ma ngudi ta dwa vao dé

phan hoach mot tap hop thanh cac mién phan bigét.

Gia tri ngudong thuong dugc xac dinh dya vao nhitng diém dic biét (vidu ¢
trung binh), dwa vao kinh nghiém khao sat. Néu dwa vao sé luong ngudng ap
dung cho cung mdt tap dit liéu nguoi ta s€ phan ra cac phuong phap ung dung
ngudng don, ngudng kép, hay da ngudng. Néu dua vao sy bién thién cta gia tri
ngudng, trong cung pham vi ng dung nguoi ta s€ phan ra cac phuong phap dung
ngudng c6 dinh (Constant|Fixed Threshold) va khong c6 dinh (Adaptive
Threshold). Ngudng khong cb dinh nghia 14 gia tri cia né sé thay doi tuy theo su
bién thién cua tip dir liéu theo khong gian va thoi gian. Thong thudng gia tri nay

duogc xac dinh théng qua khao sat tap dir liéu bang phuong phap thong ke.

Xem xét cac phuong phadp khac nhau cho phan doan anh mirc xam véi két
qua cho ra ¢ thé chdp nhan duoc thi phuong phap chon ngudng cd dinh 1a mot
trong nhitng phuong phép phan doan anh phd bién nhat, boi vi né don gian va
tuong ddi bén virng. Thong thuong muic xam cua diém anh thudc ddi twong co ban
khac voi mirc xam ciia nén, boi vay bang cach chon ngudng thich hop ta ¢ thé dé
dang tach riéng dbi tuong va nén. Két qua cia chon ngudng 13 anh bitmap c6 mot
trang thai cho biét cac dbi tuong can canh, nhu van ban in, mot chu thich, phﬁn 16i
clia vat liéu... va trang thai con lai s& tuong (mg v&i nén. Tuy thudc vao ung dung,
can canh c6 thé duoc biéu dién boi muc xam 0, tirc 1a mau den d6i véi van ban, con
nén duoc biéu dién boi mic xam 255 trong anh 8-bit. Hodc nguoc lai, can canh

dugc biéu dién béi mau den, nén bang mau trang.
Tu tudng chinh cua phan doan anh:
- Cho ngudng t
- Phan doan anh

_(0,I[x,y] <t
I[X'y]_{l,l[x, yl >t
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CHUONG 2: CAC HUONG TIEP CAN CHINH TRONG PHAN POAN
ANH

Phadn doan anh la chia dnh thanh cdc vimg khéng tring ldp. Moi ving gom
mét nhom pixel lién théng va dong nhdt theo mét tiéu chi nao do. Tiéu chi nay phu
thugc vao muc tiéu cua qud trinh phan doan. Vi du nhu déng nhdt vé mau sdc, mirc
Xam, két cau, do séu ciia cdc layer... Sau khi phan doan moi pixel chi thuoc vé mot
viing duy nhdt. Dé danh gia chat lwong ciia qud trinh phdn doan la rat khé. Vi vy
truée khi phan doan dnh can xdc dinh ré muc tiéu cia qud trinh phdn doan la gi.
Xét mét cach tong qudt, ta cé thé chia cdc hirdng tiép cdn phin doan anh thanh ba

nhom chinh nhu sau:
- Cdc phwong phap dva trén khong gian ddac trung
- Cac phuong phap dya trén khong gian anh

- Cac phwong phap dya trén mé hinh vat ly.

2.1 Cac phuwong phap dua trén khong gian dac trung

Néu chung ta gia dinh mau sic bé mat cua cac dbi twong trong anh 1a mot
thuoc tinh bat bién va cac mau sic d6 duoc anh xa vao mot khong gian mau nao do,
vay thi chling ta s& c6 mot cai nhin d6i vai mdi ddi tugng trong anh nhu 1a mot cum
(cluster) cac diém trong khong gian mau d6. Mirc d6 phan tan cia cac diém trong
trong moét cum duogc xac dinh chu yéu bai sy khac biét vé mau sac. Mot cach khéc,
thay vi anh xa cac pixel trong anh vao mét khéng gian mau cu thé, ta xay dung mot
histogram dya trén cac dac trung mau dang ad-hoc cho anh d6 (vi du nhu Hue), va
thong thuong, cic dbi tuong trong anh s& xuat hién nhu cac gia tri dinh trong
histogram d6. Do d6, viéc phan ving cac ddi tuong trong anh tuong ang vai viéc
xéac dinh cac cum — d6i véi cach biéu dién thir nhat — hoic xac dinh céc viing cuc tri
cua histogram — di vai céch biéu dién thi hai.

Céac phuong phap tiép can nay chi lam viéc trén mot khong gian mau xéac
dinh. Dua trén khong gian dac trung, ta c6 cac phuong phap phan doan: phuong
phap phan nhom dbi tugng khdng gidm sat, phuong phap phan 16p trung binh-k
thich nghi, phuong phap 1iy ngudng histogram.

2.2 Cac phwong phap dwa trén khong gian anh

Hau hét nhitng phuong phap dugc dé cap trong phan trén déu hoat dong dua
trén cac khong gian dic trung ctia anh (thong thuong la mau sic). Do d6, cac ving
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anh két qua 1a ddng nhat twong tng véi cac dic trung di chon cho tirng khdng gian.
Tuy nhién, khong c6 gi dam bao rang tit ca cac ving nay thé hién mot su c6 dong
(compactness) vé noi dung xét theo y nghia khong gian anh (¥ nghia cac ving theo
s cam nhan cua hé than kinh con ngudi). Ma dic tinh nay 1a quan trong tha hai sau
dic tinh vé sy dong nhat cua cac ving anh. Do cic phuong phap gom cum ciing nhu
xac dinh ngudng histogram da néu déu bé qua thdng tin vé vj tri caa cac pixel trong
anh.

Trong céc bao cao khoa hoc vé phan ving anh mac xam, cd kha nhiéu ky
thuat ¢ thuc hién viéc thoa man cung luc ca hai tiéu chi vé tinh déng nhat trong
khong gian dic trung cua anh va tinh co dong vé noi dung anh. Tuy theo céc k¥
thuat ma céc thuat giai nay ap dung, chung duoc phan thanh cdc nhom sau:

- Céc thuat giai ap dung k¥ thuat chia va tron vung.
- Céc thuat giai ap dung k¥ thuat tang truéng vung.
- Cac thuat giai 4p dung ly thuyét db thi.

- Céc giai thuat ap dung mang neural.

- Céc giai thuat dya trén canh.

2.3  Cac phuwong phap dua trén mé hinh vat ly

Tat ca cac giai thuat duoc xem xét qua, khong it thi nhiéu ¢ mit nao dé déu
¢ kha niang phat sinh viéc phan ving 16i trong cac treong hop cu thé néu nhu cac
d6i twong trong anh mau bi anh huéng quéa nhiéu bai cac ving sang hoic bong mo,
c4c hién twong nay lam cho cac mau dong nhat trong anh thay ddi nhiéu hoac it mot
cach dot ngot. Va két qua 1a céc thuat giai nay tao ra cac két qua phan ving qué
muc mong mudn so véi sy cam nhan cac ddi twong trong anh bang mat thudng. Dé
giai quyét van dé nay, cac giai thuat phan ving anh ap dung cac mé hinh tuong tac
vat ly gitta bé mat cac ddi twong véi anh sang da duoc dé xuat. Cac cong cu toan
hoc ma cac phuong phap nay st dung thi khdng khac may so véi cac phuong phap
da trinh bay ¢ trén, diém khéc biét chinh la viéc &p dung cac mé hinh vat 1y ¢é minh
hoa cé4c thudc tinh phan chiéu &nh séng trén bé mat mau sic cua cac déi tuong.

Cot mébc quan trong trong linh vuc phan vung anh mau dua trén moé hinh vat
Iy duge Shafer dat ra. Ong gigi thiéu md hinh phan xa lwéng sdc cho cac vat chat
dién moi khong dong nhat. Dya trén mo hinh nay, Klinker da dat ra mot giai thuat
dit ra mot sb gia thiét quang hoc lién quan dén mau sic, bong sang, béng mo cua
cac d6i twong va cb ging 1am phi hop chdng véi hinh dang cua cac cum. Han ché
chinh cua giai thuat nay 1a nd chi 1am viéc trén cac vat chat dién moi khong dong

Lé Thi NgocMai-CT1101



19

nhat. Hai ong cung tén Tsang di ap dung mé hinh phan xa ludng sic trong khdng
gian HSV dé xac dinh cac duong bién trong anh mau.

Healey dé& xuat mot md hinh phdn xa don sdc cho cac vat chat kim loai. Cac
phuong phap dé cap trong phan nay chi 4p dung cho hai loai vat chat 1a kim loai va
dién moi khong dong nhat. Mot thuat todn tong quét va phic tap hon ciing dugc

Maxwell va Shafer dé xuét trong.

v' Tém lai, mot cai nhin tong quan vé cac phuong phap phan doan anh nhu sau:

Phuong phap phan doan 4nh mau

Duya trén khong gian ddc trung

Dua trén khong gian anh

Mo hinh vat 1y

Phén nhom ddi tuong

Phan 16p tb k-thich nghi

Lay ngudng histogram

Chia va tron vung

Tang truéng vung

Ly thuyét db thi

Mang Neural

Duva trén canh

v Mbi phuong phap déu c6 nhitng wu nhuoc diém nhat dinh:

Phuong
phap phan Y tuwong Uu diém Khuyér diém
vlng
Dua trén khong gian dac trung
Phan nhom | - - Phan loai | - Khéng quan
ddi twong khong can giam sat. | tam dén cac thong tin
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- Ton tai céc
phuong phép heuristic

va hitu han.

trong khong gian anh.

- C6 vin dé
trong viéc xac dinh
s6 lwong cac cum ban
dau.

- Khé khan
trong viéc diéu chinh
cac cum sao cho phu
hop véi cac vung
trong anh.

- Chon
phan tr Kk, sau do
chon ngau nhién k
trung tdm. Tinh toan

mot

- S6  httu tinh
lién tuc trong khéng
gian anh va tinh thich
nghi cuc bo ddi véi

- Cuc dai hoa
mot x&c suat hau
nghiém c6 thé bi sai

do cac cuc tri dia

Phén I6p khoang cach giﬁia cac vung anh. phuong.
trung binh pixel trung binh moi | _ St dung cac |- Hoi tu cham.
k-thich C‘fm' T‘I k?oé}ng Cé(fh rang budc vé& khoéng
_ nay co thé tinh toan | .. . h.
nghi trung binh mdi cua senan
cum va lap lai qua
trinh cho dén khi mdi
pixel la mot bd phan
cua cac cum k.
- Cho ngudngt |- Khéng can biét | - Bo qua Ccéc
i Phin doan anh | T0oc bat ky thong tin | thong tin ve khang
0.1 y] <t nao tur anh. gian anh.
Liy I[x,y]:{ljl[x: yl>t |- Cf?lC ~giel\i thu?F - L,éy -ngu’Gng
h nhanh va dé dang cai | trong cac histogram
h:;f:;;gm dit. da chidu 1a mot qua

trinh phtc tap.

- Dé anh huéng
bdi nhidu xuat hién
trong anh.
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Dua trén khéng gian anh

Chia va

tron viung

- Duva vao do
sang caa diém anh dé
phan nho vung, sao
cho cac ving 1a dong
nhat.

- Troén cac vung
nhé theo tiéu chi nhat
dinh.

- Sir dung cac
thong tin vé khong
gian anh la chinh.

- Cho két qua tét
véi cac anh chua
nhiéu ving mau dong
nhat.

- Dinh nghia
mutc d6 ddng nhat vé
mau sic cd thé phic
tap va kho khan.

- Quadtree  ¢6
thé gay ra céac két qua
khéong nhu mong

mudn.

Tang
truéng
vung

- Xem xét anh
tir c4&c mién nho nhat
réi hop chang lai néu
thoa man tiéu chuan
nhu cung mau, cung
mic xam...dé duoc
mot mién dong nhat

I6n hon.

- Cac vung anh
ddng nhat va lién
thong.
- Cé
thuat giai c6 téc do
thuc thi kha nhanh.

mot  sb

- Tén kém chi
phi sit dung bd nhd
va tinh toan.

- Gap kho khan
trong viéc thu thap
tap cac diém mam va
xac dinh cac diéu
kién dong nhat day
du.

- Chiu anh
huong boi cac dac
tinh ty nhién cua ky
thuat nay.

Ly thuyét
dd thi

- Phat hién bién
gitra hai ving cua anh
bang cach so sanh su
khadc nhau gitta noi
vung Vvai su

- Phan doan dua
vao dd thi tuan theo
chién lugc tham lam,
c6 thoi gian chay gan
nhu tuyén tinh, nhung
van dam bao dugc

- Thé hién tét
khdng gian anh bing
do thi.

- Mot sb thuat
toan cd téc do thuc
hién nhanh.

- Mot vai thuat
giai mat kha nhiéu
thoi gian thuc hién.

- Cac dac trung
cuc bo do6i khi duoc
st dung nhiéu hon
cac dac trung toan
cuc.
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viéc phan doan chinh
Xac va hiéu qua.

- Muc do song
song hoé cao va c6 téc
do thuc thi nhanh.

- Mau sac c6 thé
lam tang d6 phuc tap
ctia mang.

- Kha nang | - Qué trinh hoc
Mang chdng chiu tét trudc | can phai biét trudc sé
neural cac thay ddi xau. lwgng cac  phan

- Mot cong cu | 1OP/cum.

hiru hiéu cho cac tng

dung nhan dang va xur

ly anh y khoa.

- - La phuong | - Kho khéan
phdp duoc hd tro |trong viéc dinh nghia
manh badi cac toan tir | mot ham gradient cho
do bién. cac anh mau.

Dua trén .
canh - CO hiéu nang | - Nhiéu  hoac

tét voi cac ung dung
do bién d6i tuong theo

cac anh c6 d6 tuong
phan kém anh hudng

duong cong. xau dén két qua phan
vung.
M hinh vat Iy
- Khang dinh | - Bi gioi  han
tinh chac chin ddi voi | vao mot sé luong
cac vung bong | nhat dinh cac loai vat
sang/tdi, va vlng | chat hinh thanh nén
bong chuyén tiép | ddi tuong.
(diffuse hoac shade) ) Khé Khan

- Phan vung cac
ddi twong dwa vao
thanh phan vat liéu
cAu tao

trong viéc xac dinh
vung bong sang va
bong tiép
trong cac anh thuc.

chuyén
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- Mot
thuat doi
théng tin
dang  dbi
(khong ludén
ung dugc).

- Chi

vai giai
hoi cac
vé hinh

tuong

luén dap

phi  tinh

toan kha cao.

2.4

M@t s6 thuat toan phan doan anh

2.4.1 Thuat toan Entropy cuc dai

v

Tién trinh gidi thudt

Chia anh lam 2 ving wq, Wy

Trong do: wo={g|g <6}

W, ={g|g >0}

Tim Entropy cua 2 vung

Entropy (Wo) = - = Poi 109; Poi

Entropy (w1) = - X ps; l0g2 pyi

Trong d6:  Poi la X&c suat diém anh roi vao ving wy

Voi:

p1i 12 X4c sut diém anh roi vao ving w;

h(i)
Poi = :

= i<
T(wo) =0

P1i = % >0
h(i) 1a gia tri histogram cta mic xam i
T(w;) la tong s6 diém anh trong ving w;.
Tim 6 sao cho :

Entropy (W) + Entropy(w,) cuc dai => 0 1a ngudng can tim
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v Cai dat chwong trinh

- Thuc hién phan ngudng theo thuat toan Entropy cuc dai trén tirng mau
R, G, B. Sau khi phan doan dua ra biéu db histogram cua tirng mau va
ngudng cua no.

- Input: Anh can phan doan.

Output: Anh d dugc phan doan, biéu do histogram va ngudng.

void ClmageSegmentationDoc::OnRunEntropy()

{
ClmageSegmentationDoc *pDoc = plmageSegmentationDoc;//
CDC dcMem,;
BITMAP bm;
pDoc->m_bmBitmap.GetBitmap(&bm);
RGBQUAD *pRGB = new RGBQUAD[256];
dcMem.CreateCompatibleDC(NULL);
dcMem.SelectObject(pDoc->m_bmBitmap);
::GetDIBColorTable(dcMem,0,256,pRGB );
BYTE* p = new BYTE[bm.bmWidth*bm.bmHeight];
pDoc->m_bmBitmap.GetBitmapBits(bm.bmWidth*bm.bmHeight,p);

int nguong=min+1;

int maxnguong=0;

double maxe=0;

double tw0=0,tw1=0;

double entropyw0=0,entropyw1=0,entropy=0;
double p1[256];

int h,w;

inti,j;
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h=bm.bmHeight;

w=bm.bmWidth;
while(hguong<max)
{

entropywO=entropywl=entropy=0;

for(i=min;i<nguong;i++) twO+=Histo[i];

for(j=nguong;j<=max;j++) twl+=Histol[j];

for(i=min;i<=max;i++)

{
if(i<nguong) p1[i]=(double)(Histo[i]/twO0);
else p1[i]=(double)(Histo[i]/twl);
}
for(i=min;i<=max;i++)
{
if(i<nguong)
{
entropyw0+=p1[i]*log2(p1[i]);
}
else
{
entropyw1+=p1[i]*log2(p1[i]);
}
}

entropy=-(entropyw0)-(entropywl);
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Hf-mmmmmrm - tim entropy max

if(hguong==min+1)

{
maxe=entropy;
maxnguong=nguong;
}
if(entropy>maxe)
{
maxe=entropy;
maxnguong=nguong;
}
nguong++;

nguong=maxnguong;
[]-mmmmm - hieu chinh anh
for(i=0;i<h;i++)

for(int j=0;j<w;j++)

{
BYTE vtri = p[i*w+j];
if(vtri>nguong) vtri=255;
else vtri=0;
p[i*w+j]=(BYTE)vtri;

}

::SetDIBColorTable(dcMem,0,255,pRGB);
pDoc->m_bmBitmap.SetBitmapBits(bm.bomWidth*bm.bmHeight,p);
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pDoc->UpdateAllViews(NULL);

}
v Mgtsé két qua

a) b)

_— B

Nguong ’5 ’ [ Red I Nguong {5 ’ [ Red
*
c) d)

6 Red

Green

Blue

=
:

Cancel

Nguong:
‘ ‘ Green
Blue
Cancel
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Léna - Good News

Nguong | 8 Red Nguong: |8 Red
|
\
! ‘ 4
T | |

h) i)
Histogram

Nguong: 8 Red

Green

Blue

e
—_—
—_—

Cancel

k)

Hinh 2.1. Phan doan theo thuat toan Entropy cuc dali
a) vaf). Anh géc. b) va g). Anh sau khi phan doan.

c), d), ), h), i), k) 1a biéu do histogram va ngudng ciia cac anh duoc
phén doan (vach den l1a nguong).
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2.4.2 Thuét toan dd léch nhé nhat

v’ Tién trinh gidi thugt
- Chia anh thanh 2 ving wg, w; nhu thuat toan Entropy cuc dai

- Tinh d6 léch chuan

o (hO-Rwe)”

[wol

Oop

) 3(n@-Rw)’

[wql

01

Trong d6:  h(i) la gia tri histogram cua mac xam i.
|lwo| 12 luc lwgng ving wy.

|lwy| 1a luc lwgng ving wy.

E(WO) _ Yi<oh(i) /_l(wl) _ Yizoh()

[wol [wil
- Tim 0 sao cho:

0o” + 01° dat gia tri cuc tidu, khi d6 6 1a ngudng can tim

v Cai dat chuwong trinh

- Thuc hién phan ngudng theo thuat toan do léch nho nhat trén tirng mau
R, G, B. Sau khi phan doan dua ra biéu db histogram cua tirng mau va
ngudng cua no.

- Input: Anh can phéan doan.

Output: Anh d& phan doan, biéu d6 histogram va ngudng.

void CImageSegmentationDoc::OnRunDolech()
{
ClmageSegmentationDoc *pDoc = plmageSegmentationDoc;//
CDC dcMem;
BITMAP bm;
pDoc->m_bmBitmap.GetBitmap(&bm);

RGBQUAD *pRGB = new RGBQUAD[256];
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dcMem.CreateCompatibleDC(NULL);

dcMem.SelectObject(pDoc->m_bmBitmap);
::GetDIBColorTable(dcMem,0,256,pRGB );

BYTE* p = new BYTE[bm.bmWidth*bm.bmHeight];
pDoc->m_bmBitmap.GetBitmapBits(bm.bmWidth*bm.bmHeight,p);

int nguong=min+1;

int minl=0;

int minnguong=0;

double hw0=0,hw1=0;

double dolechw0=0,dolechw1=0,dolech=0;
int wl1=0,w0=0;

double hw[256];

int h,w;

inti,j;

h=bm.bmHeight;
w=bm.bmWidth;

while(nguong<max)
{
dolechwO=dolechwl=dolech=w1=w0=0;
for(i=min;i<nguong;i++)
{
hwO0+=Histo[i];
wO++;

}

for(j=nguong;j<=max;j++)
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hwl+=Histo[i];
Wl++;
}
hwO=hwO0/w0;
hwl=hwl/w1;
for(i=min;i<=max;i++)
{
if(i<nguong)hw[i]=(double)((Histo[i]-hwO0)*(Histo[i]-hw0));
else hw[i]=(double)((Histo[i]-hw1)*(Histo[i]-hw1));

}

for(i=min;i<=max;i++)

{
if(i<nguong) dolechwO+=hw[i];
else dolechwl+=hwli];

}

dolechw0=dolechw0/w0;
dolechwl=dolechwl/w1;
dolech=dolechw0+dolechwl;
-mmmmmemm e tim do lech min

if(dolech<minl)

{
minnguong=nguong;
minl=(int)dolech;

}

nguong++;

}

nguong=minnguong;
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for(i=0zi<h;i++)

for(j=0;j<w;j++)

{
BYTE vtri = p[i*w+j];
if(vtri>nguong) vtri=255;
else vtri=0;
p[i*w+j]=(BYTE)vtri;

}

::SetDIBColorTable(dcMem,0,255,pRGB);
pDoc->m_bmBitmap.SetBitmapBits(bm.bmWidth*bm.bmHeight,p);
pDoc->UpdateAllViews(NULL);
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v’ Mgt sé két qua

b)

a)

Nguong; { 228 ‘ Red Nguong: | © ‘ Red

Green 7 Green
Blue Blue
Cancel Cancel

c) d)

Nguong: ’ 16 ‘ Red

| | Green
Blue
Cancel
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K)
Hinh 2.2. Phan doan theo thuat toan do Iéch nho nhat.
a) va f). Anh gbc. b) va g). Anh sau khi phan doan.

c), d), ), h), i), k) 1a biéu dd histogram va ngudng cia cac anh dugc phan
doan (vach den la ngudng).
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v Danh gia hai thugt toan:
- Thuat toan don gian, cai dit dé dang, thoi gian tinh toan nhanh.
- Tuy nhién, ciing nhu nhuoc diém cua hau hét cac phuong phap phan
doan duya trén biéu dd histogram la khong quan tam téi vi tri diém anh trong khéng
gian, dé bi anh huong béi nhiéu.
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CHUONG 3: PHUONG PHAP CUC TIEU NANG LUQONG DUA TREN PQ
PONG NHAT VA PO KHONG ON PINH CHO PHAN POAN ANH

Hau hét cdc phirong phdp phdn doan dnh hién nay dwa vao histogram, do
do, khong khai thac dwoc thong tin tao béi curong do ciia danh. O ddy, em xin gidi
thiéu mét phwong phdp t6i wu ngudng va gradient méi bang cdch té chirc curong dé
thanh cdc doi twong khdc nhau ciia mét dnh, d6 la phwong phdp cuwc tiéu ning

lwong dya trén do do”‘ng nhat va dé khong on dinh cho phan doan anh.

3.1 Giai thiéu

Phuong phap cuc tiéu ning lwong dua trén do dong nhit va d6 khong 6n dinh
cho phan doan anh dua trén d§ khong 6n dinh cta 16p dbi tuong va dac trung cua
histogram dé xay dung nén mot ham ning luong cho gradient cing dic trung cia
ctia d6i twong va hinh khéi trong mot anh nhat dinh. Cubi ciing ham ning luong nay
dugc st dung dé xac dinh mot ngudng va gradient t6i wu. Phuong phap méi dong

thoi xac dinh gid tri toi vu cho ca ngudng va gradient ciia d6i twong khac nhau
3.1.1 Co sé ly thuyét

Co so ly thuyét cho phuong phap nay 1a cac ddi tugng duoc biéu dién cd
bién mo (fuzzy boundaries) trong hinh anh thu duoc va trong cam nhan bang giac
quan, cuong do co6 dd khong on dinh cao két hop vai bién anh thong thudng sé cho
biét duoc dbi tuong.

3.1.2 Toi vu va tu dong ngudng

Théng thudng, ngudng t6i uu cung véi chon gradient 12 cac van dé kho khin
trong cach tiép can phan doan ning cao hodc it nhit 1a hudéng tdi phuong phap tu
dong. Tu dong lwa chon mot ngudng chic chan va chinh x4c van 1a mot thach thirc
trong anh phan doan. Nhiéu phuong phap lya chon ngudng tu dong di duoc bao cao
trong nam thap ky qua. Tuy nhién, thiéu s6t pho bién cta cac cach tiép can 1a hoan
toan dya trén histogram ma khong sir dung dén s6 luong dang ké céc thong tin
nhlng trong cic phan bb khong gian ctia cuong d6 va hinh thai trong anh. Thong
thuong, khong thé cho mot ngudi quan sat dé chon ngudng cho mot anh chi tir
histogram cta né6 ma khong thay hinh anh gdc. Mit khéac, anh chi chtra cac phan
ving rd rang vé dbi tuong khac nhau thi viéc chon ngudng 1 qua dé dang. Chinh vi
thé, phuong phap cuc tiéu ning lugng dua trén d6 dong nhat va do khong 6n dinh
su dung truc tiép cac hién thi duoc tao ra trén anh cua ddi tuong.
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3.2 Ly thuyét

3.2.1 Cwong d dwa trén do khong on dinh

Anh sé dugc biéu dién boi cong thae: €= (C, f)

Trong d6:  C: xac di nh mién &nh

flc_)[IMIN’IMAX] Vol lyn va Imax bléu thi CII(‘TIlg do nho l’lhé(lt va
16n nhat.

C thé hién cac diém véi toa d6 tach roi thudc bén trong mot hinh hop chir
nhat. Mot phén tir ctia C, thuong ky hiéu la mét vecto p, q hoac r dugc goi 1a mot
pixel 2 chiéu (2D), mot voxel trong khdng gian ba chiéu (3D) va spel mot trong
khéng gian n chiéu.

Cho F, © Cva Fg c Cla cac ddi twong gia dinh thuc va 16p nén, twong tng
trong anh €. Cho p,(g) biéu thi mot xac suat tiéu nghiém ma mot déi twong pixel co

gid tri cuong do g. Ta co:

Po(9) =P(f(P)=g|pc Fo) (3.1)
Khi d6, P la xac suat. Tuong tu cho xac suat tiéu nghiém pg(g) cho nén pixel
O gia tri cuong do g.
pe(9) =P(f(P)=g |p < Fs) (3.2)
Goi 0 1a x4c suat cua pixel thudc 16p d6i tugng Fo, doc lap v6i cudng do cua
mot pixel, sao cho (1 - 0) 1a x4c suat caa pixel céc thudc 16p nén Fg. Theo do, 0
duogc goi 1a ham mat do. Vi vay, xac suat ma pixel bat ky c6 gia tri cwong do g, thé
hién bai p(g), duoc tinh nhu sau:

r(g) = Opo(g) + (1 - 6) ps(9) (3.3)
St dung cac phuong trinh trén, ta ¢ xac suat hau nghiém ma mat pixel voi
gia tri cuong do g, thudc 16p ddi trong duoc xac dinh bang cach sir dung quy tic
Bayes [3].

P(p e Fol /(p)= g) =222 (34)

Tuong tu, ta O xac suit hdu nghiém ma mot pixel véi gia tri cuong 46 g
thudc 16p nén duge cho béi cong thirc:

P(p e Fal f(p)=g) = 2% (3.5)
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Thuée do do khéng 6n dinh dé phan loai mét pixel p € Cvéi gia tri cuong
d6 g thudc dbi twong hay 16p nén la entropy cua hai gia tri xac suat hau nghiém nhu
quy dinh tai phwong trinh (3.4) va (3.5). Bién phap nay duoc goi 1a do khong 6n
dinh va dugc udc tinh theo phuong trinh entropy ciia Shannon va Weaver [4] nhu
Sau:

Opo(9) Ovo(g) (1-9p(g9) (1-9p(9)
=. | - I .
h(g) r(9) o9 r(9) p(9) o9 r(9) (3.6)

O day, y tuong nay la ¢& mé hinh mot phan b xac suat tién nghiém po(g) va
pe(g) va ham mat do 6 nhu 12 mot ham chon ngudng t va tham sb gradient o. Nhu
vay, ban dd do khdng on dinh cuaa anh thay doi nhu mot ham caa ngudng t va tham
s6 gradient o, va ching ta st dung heo(g) | g € [/, Imax] 3 biéu dién ngudng
va gradient phu thudc ham d6 khong 6n di nh. Cac phuong phap tinh toan phan
bd xac suat tién nghiém po(g) va pg(g) va ham mat d6 @ nhu mot ham chon céc
ngudng t va tham sé gradient o dwoc gidi thi@u trong phan sau.

3.2.2 Bé mit ning lwong va téi wu nguéng
Tir phuong trinh (3.6), ta ¢ pham vi tinh todn ctia phuong phap do khong 6n

dinh 1a [0, 1]. Do d6 ta can chudn hoa tham sb gradient ¢ va c6 thé thay d6i. O
day, ta s dung mé hinh Gauss dé& tim V, chudn clia cwong dd gradient:

RUOE
Vs(p)=1—e 202 (3.7)

Trong d6, V 1a toan tlr cwong dd gradient va Vs la toan tlr gradient
chudn. Lwu ¥, ddu ra cla toan t& V phu thudc vao pham vi cwong d6 anh,
trong khi hi@u suét V, phu thudc vao danh gia gradient trong pham vi chuan
héa [0,1]. Cudi cling ham ning lwong E dwoc tinh nhw sau:

At,0) = Zpec (Do (1) X (1= Vo) + (1 = heo(())) X Vo(p)) (38)

Theo phuong trinh trén, mdi pixel p tham gia vao ning luong theo 2 cach
- D6 khong 6n dji nh cao va gradient thap

- Do khong 6n di nh thp va gradient cao

3.3 Phwong phap

Nhu giéi thiéu ¢ phan trén, E 13 ham nang luong bién thién theo hai thong s6
1a ngudng t va gradient 6. Hai thong sé nay biéu dién bé mit ning lugng cho ham

E, dong thoi ham E gitip t6i wu hai thong s nay trén bé mit nang lugng. Dé trién
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khai mot thuat todn t6i uu dya trén ngudng t va gradient o, ta can thuc hién cac

budc sau:
Cho trudc c4c gia tri ngudng t va gradient o, chung ta can tinh:

- Phan b xéc suat tién nghiém ddi tueong po(g)va nén pg(g).

Ham mat d6 @

Ban db gradient chuan V.

- Ti wu gia trj cia t va o trén bé mit ning lugng E.

Trong cac phan sau, em xin giéi thiéu phwong phap dé hoan thanh cac nhiém
vu trén.

Ban déu, anh gdc dugc 1am mo bang mot hat nhan Gaussian Blur

2 2
1 _x +y

e 207 (3.9

G(x,y) =

2ma?

Diéu nay nham muc dich:

- Tang ving c6 d6 khong chic chin va min nhiu trong ving dong
nhit.

- Ban d6 d6 khong on dinh ting phu hop voi viée ting ban d6 gradient
do [am mo.

Ta c0 thé chi ra rang t6i uu ngudng va gradient dugc ap dung trén nhimng anh
gbc. Vi vay, lam mo dugc st dung trong qua trinh t6i wu hoa ngudng va gradient
ma khong c6 bat ky anh hudng vé cu trac hay viéc 1am mo & phan doan cubi cung.

3.3.1 Phan bé x4c suit tién nghiém ddi tweng po(g)va nén pg(g)

Theo giai thiéu ¢ trén, véi gia tri bat ky cho truéc cia thong sé ngudng t va
gradient o, ta cling tinh duoc d6i truong tién nghiém va phan phdi cuong do nén

theo cong thirc:

1 if g>t+150

Po(9) = { _(g=(t+150))?2 (3.10)
e 202 if g<t+15c

Va

Lé Thi NgocMai-CT1101



40

1 if g<t—150c

pe(9) ={ _(g=(t-150))? (3.11)
e 202 ifg=t—150

3.3.2 Ham mat 6 @

Sau khi 1am mo bang hat nhan Gaussian Blur [6], cadc ham cwong d6 f duoc
thay thé bﬁng ham cuong d6 anh mo fgy, trong khi tinh gia tri d6 khong chic chén.
Ham mat d6 & duoc tinh bang ti 1¢ s6 pixel cua dbi tuwgng trén tong s pixel.

_ 22 Bur®)

3.3.3 Ban d6 gradient chuin V,
Ban do gradient chuan dugc tinh theo cong thic sau:
Vi(P) = feiur(P + ix) — feiur(p — ix)
Vy(P) = feir(p + 1y) — feir(p — Iy)
V(p) = yVi(p) + V3 (p)

Trong do, ix va iy 1a 2 vecto don vi theo truc X va truc y.

Cubi cung, ban do chuan hoa gradient duoc tinh toan tir cuong do gradient sir

dung phuong trinh (3.7).
3.3.4 Toi wu gia tri cia t va ¢ trén bé mit ning lwong E

Bay gio, em xin gigi thiéu cac phuong phap tdi wu thong sd ngudng t va
gradient o. O day, chung ta ap dung k¥ thuat tim kiém vét can. Vi vay, yéu t6 quan
trong nhat & day 1a xac dinh hinh hoc ctia cac diém tbi wu trén bé mit ning luong.
Dbi v6i thong sd ngudng t, dai cuong do 1 [Ium, Imax], duoc st dung dé tim kiém
cac vi tri t6i wu. Mat khéc, tim kiém khong gian cho cac tham sé gradient o dugc
thiét 1ap trong dai [1% x (Juw — Inax), 40% x (fmv — Iyax)]. Chung ta xac dinh hai
vi tri toi wu trén bé mit nang lugng (xem hinh 3.2):

- Vi tri t6i wu loai | tao thanh hé (pit) trén bé mit nang luong E.

- Vi tri t6i wu loai Il tao thanh thung ling (valley) c6 y nghia cua mot
dong nang luong.

Goi E, biéu dién tham s gradient c¢d dinh tai gia tri o cho trudc va tham )
ngudng thay doi, khi d6 E, tao thanh mot dudong cong ning luong tir cac gid tri

tham s6 gradient . Cyc tiéu dja phuong trén bé mat nang luong E duoc goi la hd,
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con cyc tiéu ciia mot dong ning luong E, duoc goi 1a diém thung liing. Tuy thude
vao do phan giai cua khdng gian tim kiém, ca E, va E c6 thé chira mot sé luong 1on
c4c cyc tiéu nhidu. O ddy, em st dung ¥ tuéng ciia watershed, mét y tudng twong tu
nhu vue chira nuée st dung trong phuong phap phan doan watershed, dé phan biét

gitra nhi€u va cuc tiéu co6 y nghia.

a) b)

Hinh 3.2. Vi du minh hoa dong ning luong va bé mit nang luong.

a) Biéu mot dong ning luong, cac vach d6 biéu dién cac ngudng tdi uu
hay céc hé hop 18.

b) Biéu dién bé mit nang lugng, cac vach do 1a cac hd hop 1¢, khoanh

tron d6 biéu dién thung ling ¥ nghia.

Goi (t1, 01) biéu thi hd, nghia la cuc tiéu dia phuong trén bé mat nang luong
E. Cac watershed cua (t1, 1) duoc biéu dién bai B(t1, o1), 12 tap hop tat ca cac vi tri
(t 0), nhu vay ton tai mot duong thang tir (¢, o) dén (t1, o1) va tat ca cac diém co gia
tri nang luong Ién hon hoic bang E(t1, 61). V& co ban, B(t1, 01) twong ting véi cac
viing trén E cé4c thé bi ngap bang cach d6 nudc tir trén tai E(t1, 61), hoic khéng co
nudc bi ro ri tai mot vi tri cO gia tri nang lugng it hon E(t1, 61) (xem hinh 3.1).
Trong hinh 3.1, cac dong mau den biéu thi cic dong ning luong cia dai cudng do
[Zmn, Iuax] tai gia tri gradient oo cho trudc, mdi mau cho thdy mdi watershed sé cho
mét cua tiéu dia phuong riéng, va d sau cua vuc la khoang cach tir dinh ctia mot
mau dén day cia nd, con cac vuc mau do6 1a nhidu hay cac diém thung ling khong
hop 1&. Mot hé (hodc mot diém thung liing) duoc xem 1a mot hé hop 1€ (twong tng
mot thung liing hop 18) néu chiéu cao cua B(t1, 61) (twong Gng B(t)) bao gdm it
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nhit 3% su bién dong tdi da cua E (twong Ung E,). Vi du sw thay dbi 1&n nhat
cla cac dwdng cong nang lvgng Esla cac viee mau xam. Do sau ciia cac vire mau
d6 nho dudi 3% su bién dong t6i da va do d6 khdng dugc coi 1a mot thung liing hop

1€.

maximum

variation

N\
~ S
L valid valley point

invalid valley points ~—

—
intensity

Hinh 3.1. Minh hoa vuc bén trong.

Madi hé hop 1€ dugc xac dinh 1a mot vi tri tdi wu loai I. Mot thung liing dugc
dinh nghia 12 mot con duong ndi cac diém doc theo thung ling hop 1& tham sb
gradient va mot thung liing dugc coi 1a ¥ nghia néu chiéu dai ciia nd bao gdm it nhat
10% chiéu dai tim kiém cing cac tham sb gradient. Cudi cung, mot diém tbi uu loai
Il dugc xac dinh & trung tdm cia mdt thung liing c6 y nghia.

3.4  Tién trinh giai thuat:

v Lam mo anh gdc boi hat nhan Gaussian Blur (3.9).

v Cho truéc mot ngudng to va gradient oo. Xac dinh:

- Ham mat d¢ 0 theo phuong trinh (3.12).

- Phan b xac suat tién nghiém cua dbi tuong po(g) theo phuong trinh
(3.10) va cua nén pg(g) theo phuong trinh (3.11).

- Gradient chuan theo phuong trinh (3.7).

- Ham ning luong E theo phuong trinh (3.8) vé6i tham sb gradient o
thuoc dai cuong d6 [1% x (Iuw — Imax), 40% x (Iuv — luax)] va ngudng t bién
thién trong dai [ /um, Imax].

4 Xéc dinh cac vi tri ti wu loai | trén bé miat nang lwong E va loai 1l cua
dong nang luong E,.
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CHUONG 4: CAI PAT CHUONG TRIiNH VA PANH GIA

4.1 Cai dat chuwong trinh
4.1.1 Pinh dang anh BMP

Trong dd hoa may tinh, BMP la mdt dinh dang tép tin hinh anh kha phé bién.
Céc tép tin d6 hoa luu dudi dang BMP thuong c6 dudi 1a .bmp (hinh 4.1) hoic .dib

Hinh 4.1. Anh luu du6i dang BMP dudi .bmp

Céc thudc tinh tiéu biéu ctia mot tép tin anh BMP (ciing nhu file anh noi
chung) la:

v’ Sb pixel trén mbi diém anh, thudong dwoc ky hiéu 1a n. Mot anh BMP
n-bit ¢4 2" mau. Gia tri n cang Ién thi anh cang c6 nhiéu mau va cang rd nét hon.
Gia tri tiéu biéu cia n 12 1 (anh den trang), 4 (anh 16 mau), 8 (anh 256 mau), 16
(anh 65536 mau) va 24 (anh 16 triéu mau). Anh BMP 24-bit c6 chat luong hinh anh
trung thuc nhat.

v Chiéu cao cua anh (height), cho boi diém anh (pixel).

v/ Chiéu rong cua anh (width), cho boi diém anh.

CAu trac mot tép tin anh BMP gdm 4 phan:

v Bitmap Header (14 bytes): giup nhan dang tap tin bitmap.

- Luu trit thong tin co ban vé tép anh.

Lé Thi NgocMai-CT1101



45

- Chura chir ky cua anh ¢ gia tri 0x4D42, ¢& tép tin, luu khong, thong
tin vung bitmap infomation (Iuu dia chi vung di liéu).

v’ Bitmap Information (40 bytes): lvu mét s6 thong tin chi tiét gidp hién
thi anh nhu chiéu rong anh, chiéu cao anh, sé mau, kiéu nén, d6 phan giai ngang,
doc...

v Color Palette (4*n bytes), n 12 s6 mau cua anh: dinh nghia cac mau sé
duoc sir dung trong anh.

- La mang mét chiéu gébm n phan tu.

- Mdi mang gom 4 phan tir 1 byte cho R, 1 byte cho G. 1 byte cho B, 1
byte cho cuong do (thuong khdong dung).

v Bitmap Data: Iuu dir liéu anh.

- B4 tri thanh cac dong scanline.

- Luu trir tur dudi 1én.

- Puoc dung dé XLA.

Dic diém ndi bat nhét cia dinh dang BMP 14 tap tin hinh anh thuong khong
duogc nén béng bat ky thuat todn nao. Khi luu anh, cac diém anh duoc ghi truc tiép
vao tap tin - mot diém anh s& dugc mo ta béi mot hay nhiéu byte tiy thudc vao gia
tri N cia anh. Do d6, mot hinh 4nh luu dudi dang BMP thuong c6 kich c& rt 16n,
gap nhiéu 1an so v&i cac anh duge nén (chang han GIF, JPEG hay PNG).

4.1.2 Cai dat thie nghiém

- Gia tri gradient o bién thién trong dai [1% x (luw — Imax), 40% x
(Iuiv — luax)] VA véi mdi gid tri gradient o thi ngudng t bién thién trong dai [/um,
Imax].

- Str dung cac mau khac nhau cho cac ving ddi tugng khac nhau.

- Pua ra dong nang luong tai gia tri gradient o ho'p 1& 1ém nhat.

void ClmageSegmentationDoc::OnRunCuctieu(int ga)
{
// TODO: Add your command handler code here
CDC dcMem;
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BITMAP bm;

m_bmBitmap.GetBitmap(&bm);

RGBQUAD *pRGB = new RGBQUAD[256];
dcMem.CreateCompatibleDC(NULL);
dcMem.SelectObject(m_bmBitmap);
::GetDIBColorTable(dcMem,0,256,pRGB );

BYTE* p = new BYTE[bm.bmWidth*bm.bmHeight];

BYTE* ptg = new BYTE[bm.bmWidth*bm.bmHeight];
m_bmBitmap.SetBitmapBits(bm.bmWidth*bm.bmHeight,pd);
m_bmBitmap.GetBitmapBits(bm.bmWidth*bm.bmHeight,p);
m_bmBitmap.GetBitmapBits(bm.bmWidth*bm.bmHeight,ptg);

int t=min; // nguong bien thien
int Thres[256]; // tap nguong

int gra=ga; /l gradient

double he[256]; /l Entropy

double Po[256],Pb[256],P[256]; // xs tien nghiem va hau nghiem

double E[256]; // nang luong
int mdS=0,mdo=0; // ham mat do
float tt=0.0;

int h,w;

intijk,l;

double e=2.718281828;
double* grac = new double[bm.bmWidth*bm.bmHeight];
int dem1=0,dem2=0;

h=bm.bmHeight;
w=bm.bmWidth;
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for(i=0;i<256;i++)
{
Thres[i]=vitri[i]=0;
he[i]=Po[i]=Pb[i]=P[i]=E[i] =O0;

// Lam mo;
double kqgr,kqg,kqgb;
BYTE ByteRead,;
int red,green,blue;

UINT r,g,b,th;

// Nhan chap
for(i=1;i<h;i++)
for(j=1;j<w;j++)
{
kgr=kqg=kqgb=0;

for(k=-1;k<=1;k++)

for(I=-1;I<=1;1++)

{
ByteRead=p[(i+k)*w+(j+I)];
red=pRGB[ByteRead].rgbRed;
green=pRGB[ByteRead].rghGreen ;
blue=pRGB[ByteRead].rgbBlue;
kqr+=red;

kqg+=green;
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kgb+=blue;

r=BYTE((double)kqr/9+0.5);
g=BYTE((double)kqg/9+0.5);
b=BYTE((double)kgb/9+0.5);
th=::GetNearestPaletteIndex(hPal, RGB(r,g,b));

pto[i*w+j]=th;

// nguong bien thien tu min -> max
for(t=min-1;t<max;t++)

{
mdS=mdo=0;

// ham mat do voi nguong =10
for(i=min;i<=max;i++)
{
mdS+=Histo[i];
if(i<=t) mdo+=Histo[i];
}
tt=(float)mdo/mdS;
/I xs tien nghiem va hau nghiem
for(i=min;i<=max;i++)
{
if (i>(t+1.5*gra)) Po[i]=1;
else Po[i]=pow(e,(double)-(i-(t+1.5*gra)*(t+1.5*gra))/(2*gra*gra));
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if (i<(t-1.5*gra)) Pb[i]=1;

else Pb[i]=pow(e,(double)-(i-(t-1.5*gra)*(t-1.5*gra))/(2*gra*gra));

}
for(i=min;i<=max;i++)
{
P[i]=(double)(tt*Po[i]+(1-tt)*Pb[i]);
}

Il Tinh gradient chuan
for(i=0;i<h;i++)
for(j=0;j<w;j++)
{
double tgl,tg2,tg;
double mu;
if(i==0 && j==0)
{
tgl=ptg[(i+1)*w+i];
tg2=ptg[i*w+(j+1)];

}
else if(i==0)
{
tgl=ptg[(i+1)*w+j];
tg2= (ptg[i*w+(j+1)] - ptg[i*w+(-1)]);
}
else if(j==0)
{

tg1= (ptg[(i-1)*w+]] - ptg[(i+1)*w+i]);
tg2=ptg[i*w+(+1)];
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}
else if(i==(h-1) && j==(w-1))
{
tg1=ptg[(i-1)*w+i];
tg2=ptg[i*w+(-1)];
}
else if(i==(h-1))
{
tgl=ptg[(i-1)*w+j];
tg2= (ptg[i*w+(+1)] - ptg[i*w+(j-1)1);
}
else if(j==(w-1))
{
tgl= (p[(i-1)*w+j] - p[(i+1)*w+j]);
tg2=p[i*w+(j-1)];
}
else
{
tgl= (p[(i-1)*w+]] - p[(i+1)*w+i]);
tg2= (p[i*w+(j+1)] - p[i*w+(-1)]);
}

tg=tgl*tgl+tg2*tg2;
mu=pow(e,(double)-tg/(2*gra*gra));
grac[i*w+j]=(double)(1-mu);

/I pt entropy va nang luong

for(i=min;i<=max;i++)
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{
double tgl,tg2;
tgl=(tt*Po[i])/P[il;
tg2=((1-tt)*Pb[i])/P[il;
he[i]=-tg1*log(tgl)-tg2*log(tg2);
}

for(i=0;i<h;i++)
for(j=0;j<w;j++)
{
ByteRead=p[i*w+ij];
E[t]+=(he[ByteRead]*(1-grac[i*w+]j])+(1-he[ByteRead])*grac[i*w+j]);
}
}

/I Xac dinh vi tri toi uu loai I, 11

for(i=min-1;i<max;i++)

{
if(E[i]<E[i+1] && E[i]!=0)
{
Thres[dem1]=i;
break;
}
}

t=Thres[dem1];

while(t<=max)
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{
if(E[t]>E[t+1])
{
while(t<max)
{
if(E[t]<E[t+1] && E[i]!'=0)
{
deml++;
Thres[dem1]=t;
break;
}
t++;
}
}
t++;
}
int gtri;

if(dem1!=0) gtri=255/dem1;

while(dem1>=0)

{

for(i=0;i<h;i++)

for(j=0;j<w;j++)
{
BYTE vtri = ptg[i*w+j];
if(vtri<Thres[0]) vtri=255;
else if(vtri>Thres[dem1])
{
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vtri=0;
}
else if(Thres[deml]<=vtri && vtri<Thres[dem1+1])
{
vtri=254-gtri;
vtri-=gtri;
}
p[i*w+j]=(BYTE)vtri;
}
dem1--;

}
::SetDIBColorTable(dcMem,0,255,pRGB);

m_bmBitmap.SetBitmapBits(bm.bmWidth*bm.bmHeight,p);
UpdateAllViews(NULL);
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4.2 M@t sb két qua va danh gia

v’ Mgt sé két qua

- Hinh anh phan doan anh béng hoa véi o € [2,90] va t € [5, 230].

Hinh 4.2. Két qua phan doan anh bong hoa va biéu d6 dong niang luong
a) Anh géc.
b) Anh sau khi phan doan.

¢) Biéu d6 dong niang luong tai ¢ = 32, mau do6 biéu hién gia tri
nang luong cua tap ngudng téi wu t={7, 31, 40, 61, 67, 121}.
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- Hinh anh phan doan anh c0 géi véi o € [2,96] va t € [7,247]

w
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Hinh 4.3. Két qua phan doan anh c6 gai va biéu d6 dong ning luong.
a) Anh géc.
b) Anh sau khi phan doan.

¢) Biéu d6 dong niang luong tai ¢ = 74, mau do6 biéu hién gia tri

nang lwong cia ngudng tdi vu t=9.
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v Danh gia
Phuong phap cuc tiéu ning luong dua trén do dong nhat va d6 khong 6n dinh
c6 thé tr dong xac dinh nhiéu hon mot ngudng can thiét cho mot anh. Tuy nhién,

thuat toan phtc tap, mat kha nhiéu thoi gian tinh toan.
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KET LUAN

Trong qua trinh nghién ctu tai liéu va thyc hién d6 an dudi sy huéng dan
cua PGS TS. Ngd Québc Tao — Vién CNTT, Vién KH&CN Viét Nam, em thay ban
than d3 dat duoc mot sé két qua nhu sau:

v Tim hiéu mét céch tong quan vé XLA va phan doan anh, em di co
mét cach nhin hé théng vé cac hudng tiép can chinh trong phan doan anh va mét sb
thuat toan. Dong thoi biét duoc vu diém ciing nhu nhuge diém cua tirng timg hudng
tiép can dé c6 thé dua ra cach lya chon phi hop véi tirng loai anh.

v Em d3 tim hiéu va cai dit dugc phuong phap cuc tiéu ning luong dua
trén do dong nhit va do khéng 6n dinh cho phan doan anh. Phuong phap bé mat
ning luong dé t6i vu dong thoi ngudng va gradient dé ting cuong kha ning phan
doan.

v Ngoai ra, trong qua trinh nghién cttu em ciing ty tich lily thém cho
minh cac kién thic vé toan hoc, vé ky thuat lap trinh,...Va quan trong la rén luyén
Kk nang dé thuc hién mot dé tai nghién cau khoa hoc.

Bén canh nhiing két qua dat duoc em ty thiy ban do an van con mot sé han
ché:

v Trong khuén khé mot d6 &n tét nghiép ,em méi chi trinh bay lai cac
kién thac tim hiéu dugc chir chua dé xuat dugc mot phuong phap hoan toan méi.

v Do thoi gian ¢6 han, nén viéc trinh bay cac thuat toan phan doan ciing

chua duoc dﬁy du va khoa hoc.

Dua trén nhiing két qua budc dau da dat dugc trong d6 an, em c6 dé xuat
mot s6 cai tién thuat toan phan doan dé phan doan hiéu qua hon trong tuong lai.

v Xay dung mot ing dung xu ly anh hoan chinh dya theo cac thuat toan
da trinh bay trong d6 an. Ung dung nay nham phan doan anh dé nhan dién duoc cac
thanh phan c6 trong anh. Trich rit ra cac ddi tugng c6 trong anh va dat tén cho
chdng.

v Cac thuat toan phan doan trinh bay trong luan van ap dung ddi véi anh
tinh, trong thoi gian téi, em hy vong c6 thé tim hiéu va phat trién phuong phap cuc
tiéu nang luong dua trén do d@)ng nhat va do khong on dinh dbi vGi anh dong hoac
cac doan video ngén.
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