XU LY HINH THAI HQC TREN ANH VA UNG DUNG
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Khoa Cong nghé Théong tin — Dai hoc Pong A

TOM TAT

Hién nay, cdc ky thudt xir 1y dnh sé trén mdy tinh dang dwoc rdt nhiéu nha
nghién ciru quan tam va phat trién, trong dé cé xir Iy hinh thdi hoc trén danh. Boi
vi xik Iy hinh thdi hoc trén dnh cung cdp cho chiing ta nhitng mé tda dinh lrong vé
cdu triic va hinh dang hinh hoc cia cdc doi twong trong danh diea trén nhitng 1y
thuyét trong todn hoc nhw Iy thuyét tdp hop, hinh hoc tépé, xdc sudt, .v.v. va né
dang dwoc ting dung réng rdi trong nhiéu iing dung nhw phdt hién bién, phdn
doan doi twong, giam nhiéu, tim xwong dnh .v.v. Trong cdc iing dung thi gidc
mdy tinh, xit Iy hinh théi hoc c6 thé dwoc sir dung dé nhdn dang doi twong, ning
cao chdt leong anh, phdn doan anh va kiém tra khuyét diém trén anh. Cdc phép
toan xw ly hinh thdi hoc dwoc thuc hién chu yéu trén anh nhi phdn va anh xam.
Trong bai bao nay toi gioi thiéu cdc phép toan xuw Iy hinh thai hoc trén anh nhij
phdn va dnh xdm, mot sé g dung cia xit Iy hinh thdi hoc dang dwoc g dung
rong rdi hién nay.

ABSTRACT

In curentlly, image processing techniques on the computer is being tremenduosly
and development by a lot of research, and among them, mathematical
morphological have been continously receiving attention. It is because
methermatical morphology provides quantitative description of geometric
structure and shape of objects in image based on mathermatical theories such as
set theory, topology, probability, etc and has been applied widely too many
applications such as edge detection, object segmentation, noise suppression,
skeleton and so on [6][7]. In industrial vision applications, mathermatical
morphology can be use to implement object reconization, image enhancement,
segmentation, and defect inspection[1]. Morphological operations processing
carried out mainly on binary and gray images. In this paper, | introduction the
mathematical operations processing on binary images and gray images and
some applications of morphological processing are widely used nowadays.

Keywords: Image processing, Mathematical morphology, Morphological image
analysis, Binary Morphological, Grayscale morphology, image processing and
recognization.

13



1. Gisi thigu

Céc k¥ thuat xtr 1y anh sé trén may tinh dang duoc rat nhidu nha nghién ctru quan
tam va phat trién. Su phat trién cta hinh thai hoc 1a su kiét hop giira 1y thuyét, ing
dung, phuong phép va cac thuat toan [1]. Trong do, cac phuong phap mdi dugc dua ra
nhim giai quyét nhitng van dé trong thuc té, 1y thuyét kiém ching tinh chinh xéc cta
cac phuong phap, va phat trién céc thiét bi phan cimg chuyén dung hodc cac thuat toan
hiéu qua dé thyc thi trén may tinh. Sy két hop nay duoc thé hién tai hinh 1.

Kiém tra va kiém soat chat luong .
Nhan dang chit viét va tai liéu .
Khoa hoc vt liéu .
Khoa hoc dia chit .

Khoa hoc cudc séng

Hang doi

bé quy

Do thi

Kién trac ludng va song song

Thuét toan cho cac bai toan vé tich hop
mach dién tur.

CAC THUAT

XU LY
HINH THAI

TOAN

PHAP & LY
THUYET

CAC PHUONG

= Locanh

=  Phan doan va phan 16p anh
=  Po luong anh

= Nhan dang mau

=  Phan tich két cau

Hinh 1. Sy phdt trién ciia xir Iy hinh thdi dwoc ddc trung boi sw két hop kiét hop giira Iy

thuyét, itng dung, phwong phdp va cdc thudt todn

Trong cac mg dung thi gidc may tinh, xir Iy hinh thai hoc c6 thé duoc str dung dé
nhan dang doi tuong, nang cao chét lugng anh, phan doan anh va kiém tra khuyét diém
trén anh [2]. Cac phép toan xur Iy hinh thai hoc dugc thuc hi¢n chu yéu trén anh nhi
phén va dnh xam.
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Anh nhi phan hay con dugc goi 14 anh den tring twong Gng véi hai gia tri 0 (mau
trang) va 1 (mau den). Anh xam 13 anh ma tai mdi diém anh co gia tri cuong do séng
nam trong khoang [0, 255].

2. Cac thuat toan xir ly hinh thai hoc

Phén 16n cac phép toan hinh thai hoc dugc dinh nghia tir hai phép toan co ban 1a
phép toan co anh (Erosion) va gidn anh (Dilation). Yéu t& quan trong trong cac phép
toan nay 1a lya chon mot phan tir cdu trac ¢6 hinh dang phu hop.

a. Phan ti cdu tric

Dbi v6i anh nhi phéan, phan tir cau trac 14 mot anh cé kich thude nho gdm co hai
gia tri 0 va 1, cac gia tri bang 0 dugc bo qua trong qua trinh tinh toan, goi H(, j) 1a
ph?m ttr cAu triic cua anh nhi phan va dugc thé hién nhu sau [4]:

H(, j) {01}
Mot s6 hinh dang cta phan tir cu trac thuong dugc st dung trén anh nhi phan:

dang duong theo chiéu ngang va doc, hinh vudng, hinh ellipse,...[3].
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Hinh 2. M4t s6 hinh ddng ciia phan tir cdu triic phang.

Déi v6i anh xam, phan tir cau tric 1a khong phang, tirc 1a cac phan tir cau tric s
dung cac gia tri 0 va 1 dé xac dinh pham vi cia phan tir cau tric trong mat phang x va
mit phang y va thém gid tri d6 cao dé xac dinh chiéu thir ba.Cau tric phan tir khong
phang gom c6 hai phan [5]:

Phin thir nhat: Mot mang h‘ai Chié}l gdm cb cac gia tri 0 va 1, trong d6 gia tri
bang 1 x&c dinh hang xém cua phan tir cau truc.

1 1 1
1 1 1
1 1 1

Hinh 3. Mgt mdt na xdc dinh hang xém cia phan tir cdu triic khong phdng.

Phin thir hai: Mot mang hai chiéu co kich thudc bang véi kich thudc cia mang
hai chiéu & phan thir nhat nhung chira cac gia tri thuc cua phan tir cau truc.
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Hinh 4. Ma trdn gid tri thic twong iing véi hang xém trong phan tir cdu triic khong phdng.

b. Phép co anh — Erosion

Xét tap hop A va tap hop B (Phan tir cAu trac), phép co anh nhi phan cua tap hop
A boi phﬁn ttr cAu trac B duoc ki hiéu ASB va viét dudi dang cong thirc nhu sau:
ASB={z|(B), c Al

Phép co anh nhi phan cta tip hop A boi phén tir cau trac B 13 tdp hop cac diém z
(z ndm & tAm diém cia phan tir cdu tric B) sao cho B, 14 tip con cua A.

I H IacH

Hinh 5. Vi du vé phép todn co anh nhi phdn véi phan tir cdu triic phdng.
Phép todn co dnh ciia anh xdm 1 voi ciu tric phan tir khong phang H tai vi tr
(X, y) cia anh I dugc xac dinh nhu sau[1][2][4][5][6]::
(I©H)(x, y) = min(I(x+i, y+j) - H(i, J) | (i, j) € Dn)
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Hinh 6. Vi du vé phép todn co anh trén anh xdm véi phan tir cau triic khéng phang.
Trong d6, Dy 1a khong gian anh cua phan tir cdu trac khong phing H.
C. Phép gian anh — Dialtion

Goi A 13 anh gbc, B 1a mot phan tir ciu trac. Phép gidn nhi phdn cia anh A véi
phan tir cdu triic B duge ki hiéu A@® B va ching ta c6 thé biéu dién phép toan co anh
dué6i dang phép toan t6 hop nhu sau:
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A@Bz{z{(élmA}gA}

Phép gidn anh nhi phan cta tdp A bai phan tir cau trac B 13 tip hop cia cac diém z
(z 1a tAm cta phan tir cau trac B trén tdp A) sao cho phan xa cta B, giao véi tap A tai it
nhat mot diém.

1 H I¢&H
o 1 2 3 1 o 1 } 1 2 3
( 1 I
1 L N - 0 L ] = 1 L I
2 L] 1 2 LI
i

Hinh 7. Vi du vé phép gidn nhi phén trén anh véi phan tir cdu triic phang.

Phép todn giin anh ciia dnh xdm 1 v6i cdu trac phan tir khong phing H tai vi tri
(X, y) cia anh I dugc xac dinh nhu sau [1][2][4][5][6]:
(1éH)(x, y) = max(I(x+i, y+j)+H(, j) | (i, j) € D)

I H I®&H

NEBE NEE
slelels] @ [c]2]1] = 3
NREBE R HE
6l4]2]s

I-H

[s41] £ max

6lsf

HEBEE

Hinh 8. Phép todn gian danh trén anh xdm véi phan tir cdu tric khong phang.
Trong d6, Dy 12 khong gian anh ctia phan tir cu tric khong phang H.

d. Phép mo anh — Openning

Goi A 13 hinh anh gbc va B 13 phan tir ciu trac, (O) 1a ky hiéu cua phép mo anh
giira tap hop A va phan tir cdu trac B, phép mé anh duoc xac dinh boi cong thire:
AOB = (AOB)®B

e. Phép dong anh — Closing

Véi tap hop A 13 anh gbc, B 13 phan tir cdu trac. (e)1a ky hiéu phép dong anh.
Khi d6 phép dong anh cua tip hop A boi phan tir cau trac B, ki hiéu 1a(Ae B), xac dinh
boi:
(AeB)=(A®B)oB
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Hinh 11 dudi day 1a mdt vi du minh hoa céc phép toan xur Iy hinh hoc trén anh.
Trong d6, ap dung cac phép toan xu Iy anh nhi phan véi phan tir cdu tric c6 hinh dang
& hinh 9; v6i anh xam st dung ciu trac phan tir khong phang c¢6 hinh dang hang xém

va gia tri nhu hinh10.

0 1.499¢ 0

1.499& 2.9992 1.49%9&

1 1 o 1.4998 0
|:| ]

Hinh 10 . Hinh ddang hang xom va ma tran gia tri

Hinh 9. Phan tir cdu triic phing ] : !
twong wng cua phan tir cau truc khong phang

Original Image Gray Image Binary Image

Erosion binary image Dilation binary image Opening binary image

Hinh 11. Két qua ciia mét sé phép bién doi trén dnh nhi phdn va dnh xdm
3. Cac wng dung
3.1. Trich lgc bién anh — Boundary extraction
Dé trich loc bién cua anh nhj phan A, chung ta thuc hién hai budc sau:
= Pau tién, thuc hién phép dn mon/phép co anh véi phan tir cdu trac B
= Sau d6, thuc hién khtr nén caa anh A bang cach 1dy anh gbc A trir cho anh da
thuc hién ¢ budc 1.

Nhu viy, chiing ta c6 thé trich loc bién ctia anh A, ky hiéu 1a Ap vO1 mot phan tir

ciu trac B bang cong thirc sau [5][8]:
A, = A— (ASB)
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Yéu t6 quan trong trong viéc trich loc bién ctia anh nhi phén 1a dua ra duoc phan tir
cau trac khong phang hop 1y.
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Hinh 12. Trich loc bién ciia doi twong: (a) anh goc, (b) hinh déang ciia phan tir cdu tric,
(c) anh sau khi thuwce hién phép co dnh véi phan tir cdu triic, (d) anh két qua theo cong thirc

trich loc bién.
3.2. Té day vung — Region fill

Anh nhi phan thuong 1a két qua cta cac phép thyc hién phan ngudng hodc phan
doan anh xam hodc danh mau dau vao. Nhiing phép bién doi nay rat hiém khi “hoan
hao” do nhing nhan t6 bén ngoai ma trong qua trinh ldy mau anh ching ta khong kiém
soat dugc nhu cuong do sang hay do chéi xuat hién trong anh va né co thé dé lai
nhing “16 hong” sau khi thyc hién lay ngudng hoic phan doan anh. Str dung cic phép
xtr ly hinh thai hoc dé 1ap day cac 16 hong thuc sy rat hiéu qua.

Cho mét anh nhi phan A gdm c6: cac diém anh 13 bién cia ddi tuong duoc gan
nhin bang 1 va cac diém anh khong phai 1a bién dugc gan nhin bang 0. Pat B 1a cau
tric phan tir va xo 1a mot diém anh bat ki nam trong 16 hong dugc bao boc bdi bién cua
d6i tuong (diém xuat phat). Viéc lam day ddi twong dugc thyc hién bang cach lip di

13p lai biéu thirc sau day [2][4][5][8]:
Xo=1;

Do
X, = (xk_1® B) NnA, voi k = 1,2,3,....
Until Xk = Xk-1-

Két qua ving dbi twong duoc lap day cudi cuing chiing ta c6 dugc la H = A U x,,

Filled Image
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(@) (b)

Hinh 13. Két qua cua viéc thuc hién ldp day viimg anh: (a) anh nhi phdn véi cac “16
héng”, (b) anh sau khi dieoc ldp day.
3.3. Trich lgc cac thanh phian lién théng — Extracting connected components

Tap hop tat ca cac diém anh két nbi téi mot diém anh nao dé goi 1a cac thanh
phan két ndi cta diém anh d6 [5]. Mot nhom cac gia tri diém anh duoc két ndi véi
nhau phan biét véi cac nhom diém anh khac thong qua viéc gan nhin khac nhau cho
cac nhom. Céac nhin nay 1a cac s6 nguyén, trong d6 nén co gia tri bang 0, cic ving
anh/nhom céc diém anh lién thong véi nhau duoc gan nhan tir 1 tro di.

N, N

Nz Ns N2 Ng
Ny Na Ny Ny
N, Ng Ny N7

Hinh 14. Hinh dang 4 hang xom (Ns) va 8 hang xom (Ns)
Thuat toan gan nhin cac thanh phan lién théng voi s6 hang xom 1a 8 (Ng) thuc
hién nhu sau:

- Quét anh dau vao tuan tu theo hang tir trén xudng cho dén khi gap mot diém p bat
ki (p=1, néu 13 anh nhi phan) trong anh.

- Kiém tra cac hang x6m p.
Dua trén nhitng thong tin do, viéc danh nhan sé dugc thyc hién nhu sau:
- Néu tat ca 4 hang x6m ciia p déu bang 0, thi gan mdt nhdn méi cho p, nguoc lai
- Néu chi mét hang x6m cua p c6 gia tri bang 1, gan nhan cho p, nguoc lai
- Néu c6 nhiéu hon mét hang xom ctia p co gia tri bang 1, gan mot nhan trong cac
nhan cho p va ghi chu thich tuong tu.
Sau khi hoan tat qua trinh quét, cac cip nhan tuong tmg da dugc sip xép vao cac
nhom twong tmg va mdi nhom sé& chi c6 mot nhan duy nhat duoc gan.

< BN
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(@) (b)
Hinh 15. Két qua ciia thuc hién trich loc thanh phan lién thong trong dnh
3.4. Lam méng ddi twong trong anh — Thinning

Pé lam mong ddi tuong trong anh A véi phan tir cdu triic B duge xac dinh nhu sau

[2][5][8]:

Thin(4,B) =An (ARB)= An ((AS B,)N(A S B,))

Trong d6 B = (B1, B2), B; va B, khong c6 gi khic nhau, B, chinh 1 phan tir B,

dugc thay doi vi tri cac gia tri 1 (S6 vi tri ¢6 gia tri bang 1 khong doi).

B, 1 B, 11

t[1]1 []
1

1 1

(b) (€) (d)
Hinh 16. Két qua lam mong doi tuwong: () Hinh 17. Két qua lam mong déi tiwong: (C)
anh gac, (b) anh két qua lam mong. anh goc, (d) anh két qua lam méng.
3.5. Lam day déi twong trong anh — Thickening
Lam day d6i tuong twong tu nhu phép gidn anh, nhung nd khong sat nhap/gdp cac
ddi tuong khong két ndi v4i nhau. N6 duoc su dung dé 1am to cac ddi tuong bi 10m va
c6 thé biéu dién qua cong thire sau [2][8]:

AOB=AU(A®B)

Qua trinh lam day déi twong dugc biéu dién nhu sau:
Ao{B}=(-((A® B Y®RB)---)®B"

(€) (d)

Hinh 18. Két qua lam day déi twong: (@) anh  Hinh 19. Két qud lam day doi twong: (a)
gac, (b) anh két qud lam day. anh goc, (b) anh két qua lam day.

3.6. Tim xwong ddi twong trong anh — Skeletons
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Thuat toan tim xuong cia ddi twong twong ty nhu phép 1am mong ddi tugng,
nhung nd cho chung ta biét nhiéu thong tin cua mat doi tuong, nod nhan manh mét s6
dac tinh cua hinh anh: d§ cong, dudong vién tuong Ung va4i tinh chit hinh hoc cta bd
xuong [2].

Néu A 13 anh nhij phan va B 1a phan tir cdu tric (thuong c6 kich thudc 3x3). Phép
tim xuwong cua doi tuong trong anh A, ky hi¢u la S(A) dugc xac dinh nhu sau
[L1[2][8]:

.
s(a) = s:(4)
k=0

Trong do,
Sk(A) = Ui_o{(A © kB)—[(A S kB)oB]

Véi k 12 s6 1an ap dung phép lam mong d6i tugng A va K lan 1an 1am mong cudi
cung trude khi A suy bién thanh tap rong.
K = max{k|(A©kB) # &}

(b)

Hinh 20. Anh (a) la dnh goc, anh (b) la anh két qud sir dung phép bién doi tim xwong ciia

doi twong trong danh goc.
3.7. Cit tia d6i twong trong anh — pruning
Xuong ctia mot mau doi tuong sau khi thyc hién lam moéng thuong xuét hién
nhing nhanh nhiéu ngan trong anh, vi vy xwong anh can phai duoc “lam sach” trudc
khi dua vao khau xir 1y tiép theo trong mo hinh xt Iy anh tong quat. Qué trinh 1am
sach nay goi la cit tia anh. cac budc cét tia anh duge thuc hién qua cac budc sau [8]:
B1: Thuc hién lam mong ddi tuong.

B2: Khoi phuc lai anh gdc sau khi da loai bo cac diém cudi.
X, = U(x, @ BY)

k=1

B3: Thuc hién gian cc diém cudi.
X;=(X,®@H)N A
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B4: Két qua cta viéc cat tia anh A dugc thuc hién thong qua iy hop cua X, véi
Xa.
E=2UR

Trong d6, {B}= {By, B, Bs,... Bg} 1a phan tir cu tric c6 hinh dang nhu sau (cac gia
tri mang diu x trong phn tir cdu tric 1a phan tir chiing ta khong quan tim):

x 0 0 x 1 x 0 0 x 0
B'=1]1 10 B= 10 1 0 B=10 1 1 B*= 10 1 0
(% 0 0 0 0 0 0 0 x x 1 x
1 0 0 0 0 1 0 0 0 0 0 0
B=10 1 0 BS= 10 1 0 B'=|0 1 0 B =10 1 0
0 0 0 0 0 0 L0 0 1 1 0 0

(b) (©)

@

Hinh 21. Két qua ciia phép cdt tia dnh: (a) anh géc, (b) dnh goc sau khi thire hién tim xwong

danh, (c) két qud sau khi thuwc hién cdt tia anh xwong doi tiwong
4. Kétluan

Trong linh vuc xur ly va phan tich anh, mdt trong nhitng cong viéc quan trong la
trich loc dugc nhitng ddc trung cua doi tuong, mo ta hinh dang va nhan dang mau. Mot
trong nhirng nhiém vu thuong dé cap dén khai niém hinh hoc cua ddi tuong, vi du nhu
kich thudc, hinh dang va hudng cta ddi twong trong anh [2]. Xir 1y hinh thai hoc duoc
hinh thanh tir 1y thuyét tap hop, hinh hoc va hinh hoc topo, ... dé phan tich cac cau tric
hinh hoc trong anh.

Trong bai bao nay, toi da gidi thi€u nhirng thuat toan co sé trong xur ly hinh thai
hoc, va da gi6i thiéu nhiing thuét todn va ung dung phd bién hién nay cta xir Iy hinh
thai hoc trén anh nhi phan va anh xam. Mot trong nhitng vin dé quan trong trong céc
thuat toan xr 1y hinh thai hoc 13 tim va sir dung cu trac phan tir phu hop dé co duoc
két qua tot nhat. Hau hét cac thuat toan xir Iy hinh thai hoc déu dua trén nhimng thuat
todn co ban nhu phép co anh, gian anh, dong anh va m¢ anh.
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Hién nay, xir 1y hinh thai hoc dang dugc nghién ctru sdu va phat trién, mot trong
nhing thanh céng gan day c6 hiéu qua trong xtr 1y hinh thai hoc 14 sir dung logic md
va ly thuyét tdp mo trong cac phép toan hinh thai hoc. Logic mo va 1y thuyét mo cung
cAp nhiéu giai phap cho cac thuat toan cta xtr Iy hinh thai hoc [6][7].
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