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CHUONG 1: MOT SO VAN PE CO BAN TRONG XU LY ANH
1.1 Mdt s6 khai niém
1.1.1 Khai niém vé anh sé
Anh sb 12 tap hop hiru han cac diém anh v6i mirc xam phu hop dung dé
mo ta gﬁn nhét voi anh that. S6 diém anh xac dinh do phan giai cua anh, do
phan giai cang cao thi cang thé hién rd nét cac dic diém cta tim hinh, cang

lam cho tam anh tré nén thuc va sac nét hon.

Piém anh 12 mot phan tir cia anh sd tai toa do (X, y) voi d6 xam hoic
mau nhat dinh. Kich thuéc va khoang cach gitta cac diém anh dé dugc chon
thich hop sao cho mat ngudi cam nhan duoc sy lién tuc vé khong gian va murc
xam (hodc mau) ctia anh s6 gan nhu anh that. Mdi phan tir trong ma tran dugc

goi 1a mot phan tir anh.

Mirc xam la két qua cta sy bién ddi twong tng mot gia tri d6 sang cla
mot diém anh véi mot gia tri nguyén duong. Thong thudng nod xac dinh trong

khoang tir 0 dén 255 tuy thudc vao gia tri ma mdi diém anh duoc biéu dién.

D0 phan giai cua anh 1a mat dg diém anh duoc 4n dinh trén mot anh sb
duogc hién thi. Nhu trinh bay & trén, khoang cach giita cac diém anh phai duoc
chon sao cho mat ngudi van théy duoc su lién tuc cua anh. Viéc lua chon
khoang céach thich hop tao nén mot mat do phan bd, d6 chinh 1a do phan giai

va dugc phan b theo tryc x va y trong khong gian hai chiéu.

Anh den trang 1a anh chi bao gdm 2 mau: mau den va mau trang. Nguoi

ta phan mirc den trang d6 thanh L mirc. Néu sir dung s6 bit B dé ma hoa mirc

den trang (hay mirc X4m) thi L dugc xac dinh: L= 2° Néu B=1, thi chi c6 2
murc: muc 0 va mic 1, con goi 1a anh nhi phan. Mtrc 1 trng v4i mau sang, con
mirc 0 tmg v6i mau toi. N6i cach khac, véi anh nhi phan mdi diém anh duoc
ma hoa trén 1 bit. Néu L 16n hon 2 ta c¢6 anh da cdp xam. Néu dung 8 bit dé
biéu dién mirc xam, sb cac muc xam c6 thé biéu dién duoc 1a 256. Mdi mirc

xam duogc biéu dién dudi dang 1a mot s6 nguyén nam trong khoang tir 0 dén
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255, v&i mitc 0 biéu dién cho mirc cuong do den nhét va 255 biéu dién cho

murc cuong do sang nhat.

Anh mau 13 anh dugce t6 hop tir 3 mau co ban: do (R) , luc (G) , lam (B)
. Vé6i anh mau, nguoi ta luu trit thanh ting mau riéng biét, mdi mau dugc luu
trit nhu mot anh da cap xam nén khong gian nhé danh cho mét anh mau 1én
hon 3 1an mét anh da cip xam cung kich c3.
1.1.2 Téng quan vé mdt h¢ thong xir Iy anh

Xt 1y anh 1 mot nganh khoa hoc twong d6i méi mé so véi cac nganh
khoa hoc khac, nhét 13 trén quy mé cong nghiép. Tuy n6 1a mdt nganh khoa
hoc méi mé so vai nhiéu nganh khoa hoc khac nhung téc do phat trién cua né
rat nhanh, kich thich cac trung tAm nghién ctru, tng dung, dic biét 1a may tinh

chuyén dung riéng cho no.

Tong quan vé mdt hé théng xir Iy anh duoc thé hién bang hinh anh bén

duoi:
CAMERA
% Thunhan anh > So hoa |—>| Phan tich anh
)
SENSOR i’
Nhan dang

Hinh 1-1. Tong quan vé hé théng xir Iy anh
Trude hét 1a qua trinh thu nhan anh, anh co thé dugc thu nhan qua
camera, thuong anh dugc nhan qua camera la tin hiéu twong tu (loai camera
6ng kiéu CCIR) , nhung ciing c6 thé 1a tin hiéu sé hoa (loai CCD-Charge
Coupled Device) . Anh ciing c6 thé duoc thu nhan qua cic bd cam ung

(sensor) , anh dugc quét trén scanner.

Nguyén Pinh Phuc  CT1701



Phan doan anh dua trén thuat toan né vung

S6 hoa (Digitalizer) 1a qua trinh bién ddi tin hiéu twong tu sang tin hiéu
r0i rac (ldy mau) va s6 hoa bang lugng hoa trude khi chuyén sang giai doan

xu 1y, phan tich hay luu trir lai.

Qua trinh phan tich anh thuc chit bao gdm nhiéu cac cong doan nho.
Trudc tién 1a ting cuong anh (Enhancement) muc dich dé nang cao chét
lwong anh. Do nhitng nguyén nhan khac nhau:cé thé do thiét bi thu nhéan anh,
do ngudn sang hay do nhiéu, anh c6 thé bi suy yéu. Do vdy, anh can dugc
tang cuong va khoi phuc lai dé lam ndi bat mot sd dic tinh chinh cia anh
hodc 14 1am cho 4nh gan giong nhat véi trang thai gdc, trang thai ma anh trudc
khi bi bién dang. Cac giai doan tiép theo 1a phat hién cac dic tinh nhu bién
(Edge Detection) , phan ving anh (Image Segmentation) , trich chon dic diém

VVv...

Cubi cung, tuy theo muc dich ctua nguoi dung sé 13 giai doan nhan
dang, phan 16p hoic 1a cac quyét dinh khéc.
1.2 K§ thuit loc nhiéu trong xir Iy 4nh
1.2.1 Nhéan chap

La qu4 trinh thay ddi gia trj pixel ban dau ctia anh dau vao sang mot gia
tr1 moéi b.%mg cach s dung mot ma tran hay mot ctra s6 nhan chap. Toan bd
cac diém anh (Pixel) trén anh s& duogc tién hanh nhan chip véi ma tran, tam
clia ma tran s& duoc dat tring vao vi tri cua diém anh (Pixel) dang duoc tinh

nhan chap 1am thay di cac gia tri ciia pixel ban dau.

Gid tri cua pixel ban dau duoc thay doi theo cong thire (1. 1)

i 6 Y) = L (W) * MU V) = D7D 1 (X+U, y+V) * MU, V) @1

U=—-nv=-n

Trong do6 :
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I (X, ¥) 1a gia tri diém anh diu vio truéc khi thuc hién phép nhan

chap tai vi tri toa do (X, y) .
| st (X, y) gia tri diém anh dau ra khi da thuc hién phép nhan chap.

M (u,v)I1a gia tri clia ma trin nhan chip M tai toa d6 (u, v)

n = (kich thuéc ma tran - 1) /2 va ldy tdm cta ma trdn nhan chap lam

diém goc.

Vi du: Ta ¢ mot ma tran diém anh I va ma tran nhan chap M nhu sau:

2 4 3 7 2
5 7 2 1 4
=7 6 2 8 2
5 6 7 7 2
8 2 1 6 2
1 2 3
M=4 5 6
7 8 9

Khi d6 ta c6 cac gia tri lan luot la:

Kich thudc ma tran nhan chap =3

Giatrin=(3-1)/2 =1,

O day (u, v) <[-1, 0, 1]

= Isrc (1, 1) *M ('1, '1) + Isrc (1, 2) *M ('1, 0) + Isrc (1, 3) *M ('1, 1) + Isrc (2,
1) *M (0, '1) + Isrc (2, 2) *M (O, 0) + Isrc (2, 3) *M (0, 1) + Isrc (3, 1) *M (1, =
1) + lge (3, 2) *M (L, 0) + lgre (3, 3) *M (1, 1)

=2*1+4*2+3*3+5*4 + 7*5+ 2*6 + /*7 + 6*8 + 2*9 = 201.
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Sau khi thuc hién phép nhan chap, gid tri diém anh lg (2, 2 ) tir gia tri 7
s& duoc thay d6i thanh 201.
1.2.2 Loc sb 14 gi?

Mot hé théng dung dé lam bién dang sy phan bd tin sb cua cac thanh
phﬁn tin hiéu theo cac chi ti€éu da cho duoc goi 1a bd loc $6. Loc sb ¢6 y nghia
quan trong trong viéc tao ra cac hiéu Gng trong anh, mot sd hiéu tng nho sir

dung cac bd loc lam mo (Blur) , 1am tron (Smooth) .

Nguyén tic chung cia cac phuong phap loc s6 14 cho ma tran anh nhan
chap véi mot ma tran loc (Kernel) hay con dugc goi la cac phép tinh nhan
chap trén dnh. V&i mdi phép loc ta co nhitng ma tran loc khac nhau, khong co
mot quy dinh cu thé nao cho viéc xac dinh M. Kich thudc ma tran M 1a mot
sb 1é (vi du: 3x3, 5x5 ...) . Ma tran loc con ¢o thé duoc goi la cua s0 chap,

cua sO loc, mat na...

Nguyén tic loc anh dugc thé hién qua cong thirc (1. 2)

I, =M >1_, 1.2)

dst

Trong do:

lsre: La anh géc dugce sir dung dé loc so anh.

~ lgst: La anh ra sau khi thuc hién xong phép loc sb anh.
- M: La ma tran loc (Mask, kernel) .

- *: La phép toan nhéan chép

Tot1a tong cac phan tir trong ma tran M. Khi d6 téng Ty cac phan tir trong ma
tran M thuong 1a 1.

- Néu Ty > 1: Anh sau khi thyc hién xong phép loc s6 anh (lgs) c6 do

sang 16n hon so v&i anh ban dau (lge) .
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- Néu Ty < 1: Anh sau khi thyc hién xong phép loc s6 anh (lus) c6 do

sang nho hon so véi anh ban dau (lgc) .
1.2.3 Mot s6 k¥ thuit loc nhiéu
Loc trung binh

Loc trung binh 1a ki thuat loc tuyén tinh, hoat dong nhu mot bo loc
thong thip. Y tudng chinh cua thuét toan loc trung binh nhu sau: Str dung mot
ctra s6 loc (ma tran 3x3) quét qua lan luot ting diém anh ctia anh dau vao
input. Tai vi tri mdi diém anh Iy gi tri cta cac diém anh tuong tng trong
vung 3x3 cua anh géc lép vao ma tran loc. Gia tri diém anh cta anh dau ra 1a
gia tri trung binh ciia tit ca cac diém anh trong cira s6 loc. Co thé chia viéc
tinh toan nay lam hai budc gom tinh tong cac thanh phan trong cira s6 loc va

sau do chia tong nay cho so6 cac phan tir cua ctra so logc.

B loc nay duoc minh hoa trong hinh 1-2.

2DD UDJ

Hinh 1-2. Hinh anh minh hoa vé phép loc trung binh

’II

Céc budc co ban cua ky thuat loc trung binh:

Quét cura s6 loc 1an luot 1€n cac thanh phan ctia anh dau vao; dién cac

gia tri dugc quét vao ctra so loc.

X 1y bang cach thao tac trén cac thanh phan cua cira s6 loc.
~ Tinh gi4 tri trung binh c4c thanh phan trong cira s6 loc.

_ Gan gia tri trung binh nay cho anh dau ra.

Loc trung vi
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Loc Trung vi 1a mot ki thuat loc phi tuyén, n6 kha hiéu qua ddi véi hai
loai nhiéu: nhiéu dém (speckle noise) va nhiéu mudi tiéu (salt-pepper noise) .

Ki thuat loc trung vi nay 1a mot bude rat phd bién trong xir Iy anh.

Y tudng chinh cua thuat toan loc Trung vi d6 1a st dung mot cira s6 loc
(ma tran 3x3) quét qua lan luot timg diém anh ctia anh dau vao input. Tai vi
tri mdi diém anh ldy gia tri cia cic diém anh tuong Ung trong ving 3x3 cla
anh gdc "1ap" vao ma tran loc. Sau d6 sap xép cac diém anh trong cira sO nay
theo thr tu (ting dan hodc giam dan tiy ¥) . Cubi cung, gan diém anh nam
chinh giita (trung vi) cua ddy gia tri diém anh di duoc sip xép o trén cho gia

tri diém anh dang xét ctia anh dau ra output.

B0 loc nay dugc minh hoa trong hinh 1-3.

S 5
ii‘ 3 3
2 2
U G " U
phan tit phan tit
tiung vi tiung vi
e oc sau sap
sap xeép Xép

Hinh 1-3. Hinh anh minh hoa vé phép loc trung vi

Cac budc co ban cua k¥ thuat loc trung vi

Quét cura so loc 1én cac thanh phan ctua anh goc; dién cac gia tri duogc

quét vao cua so logc.
- Lay céc thanh phan trong cta so6 loc dé xu ly.

_ Sép xép theo thir t cac thanh phan trong cira so loc.

Luu lai thanh phan trung vi, gan cho anh output
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Két qua cua hai bd loc trung vi va lgc trung binh dugc thé hién qua
hinh 1-4. C4 hai b6 loc déu st dung ctra s6 loc 3x3. C6 thé th'éiy bd loc trung
vi lam viéc tdt hon bd loc trung binh, n6 lam mo cac canh cta hinh anh rat it.

Hinh anh sau khi lgc cling tré nén sdc nét hon bo loc trung binh kha nhiéu.

(d) Median filtered image

(¢) Mean filtered image

Hinh 1-4. Két qua loc anh theo 2 phwong phap trung binh va trung vi
(a) Anh gdc-khong bi nhidu

(b) Anh gbc sau khi c6 thém nhiéu
(c) Két qua loc trung binh

(d) Két qua loc trung vi
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1.3 KY¥ thuat tim bién trong xir ly anh
1.3.1 Mét sé khai niém

DPiém bién: Mot diém anh duoc coi 1a diém bién néu co su thay doi
nhanh hoic dot ngdt vé mirc xam (hodc mau) . Vi du trong anh nhi phén, diém
den goi la diém bién néu 14n can nd c6 it nhat mot diém tréng.

Puong bién: 13 tap hop cac diém bién lién tiép tao thanh mot duong
bién.

Y nghia ciia dudng bién trong xir Iy: Thir nhat, dudng bién 1a mot loai
dic trung cuc b tiéu biéu trong phén tich, nhan dang anh. Thir hai, nguoi ta
str dung bién lam phan cach cac ving xam (mau) cach biét. Nguoc lai, nguoi
ta cling stir dung cac ving anh dé tim duong phan cach.

Puodng bién 1a noi ma cac diém anh 1an can nhau c6 cudng do thay doi
manh mot cach dot ngdt. Mot s kiéu duong bién hay gip trén thuc té dugc

minh hoa trén hinh 1-5.

4 U AU AU

___ /) /

- -
- L

X
-
.

a, Budng bién 1y tuomg b, Dwromg bién bic thang ¢, Promg bién thuc

Hinh 1-5. Mt s6 kiéu dwong bién thong dung
1.3.2 Cac phwong phap phat hién bién
Céac phuong phap phat hién bién truyén théng thuong dua trén két qua
ctia phép nhan chap giita birc anh can nghién ctru f (X, y) va mot bo loc 2D h
(X, y) thuong dugc goi la mat na (mask) . Cong thirc phat hién bién dugc trinh
bay nhu bén dudi:

—+o0 +o00

ho Y =06 Y) = || ik, k) Fx—k,, y —k,)dk, dk, (13

—00 —00
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CAu tric va gia tri cua cac toan tur phat hién bién sé xac dinh hudéng dac
trung ma toan tir nhay cam véi bién. Co mot sé toan tir thich hop cho cac
duong bién c¢6 hudng ndm ngang, mot sd toan tir lai thich hop cho viéc tim
kiém bién dang thang dung hay theo hudéng duong chéo. Cé nhiéu phuong
phap phat hién bién dang dugc ap dung, tuy nhién ta c6 thé phan thanh hai

nhém co ban la phat hién bién dung Gradient va phuong phap Laplacian.
Phwong phap Gradient.

Phuong phap phat hién bién dung Gradient (st dung cac toan tu
Roberts, Prewitt, Sobel, Canny) dwa vao tinh gia tri cuc dai va cuc tiéu cia

dao ham bac nhét cta anh.
Pao ham bac nhat theo hudng ngang va doc duoc tinh theo cong thuc (1. 4)

of

Af_|:G:|_ piet (1.9

Yy

oy

Bién d6 cua vector gradient hay do 16n tong cong cta gia tri dao ham nam tai

bién 13 két hop cua ca hai gia tri nay theo cong thuc (1. 5)

Af = Af |= /G2 +G,? (1.5)

Hudng cua vector gradient dugc xac dinh theo cong thire (1. 6)

Vf =tan™ 9[%} (1.6)
y

Hudng cua bién s€ vuong goc voi hudng cua vector gradient nay.
e Toan tir Sobel
Trén thuc té Sobel sir dung hai mat na c6 kich thuéc [3 x 3] trong d6
mot mat na chi don gian la sy quay cia mat na kia di mdt goc 90° nhu ¢ hinh
1-6. Cac mit na nay duogc thiét ké dé tim ra cac duong bién theo chiéu dimg

va chiéu ngang mot cach tot nhat. Khi thuc hién phép tich chap giita anh va
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cac mdt na nay ta nhan dugc cac gradient theo chiéu ding va chiéu ngang Gx,

Gy. Toan tir Sobel c6 dang nhu hinh 1-6.

-1|-2|-1 -1] 0 1

0 0 0 =210 2

1 2 | -1 1 0 |

Hinh 1-6. Toan tir Sobel
e Toan tir Prewitt
Phuong phap Prewitt gan gidng véi Sobel. Pay 1a phuong phap lau doi

nhét, c¢b dién nhat. Toan tir Prewitt duoc mé ta trén hinh 1-7.

-1 | -1]-] -11 0 1

0 0 0 1| O 1

1 l l -11 0 |

Hinh 1-7. Toan tir Prewitt
e Toan tor Robert

Tuong tu nhu Sobel, ta tinh duong bién ngang va doc mét cach riéng ré
dung 2 mit na nhu hinh 1-8, sau d6 tong hop lai dé cho dudng bién thyc cia
anh.

0|00 00| 0
0| -1 20 010 |-l
0| 0 | 0 1 0

Hinh 1-8. Toan tir Robert

Nguyén Pinh Phuc  CT1701 19



Phan doan anh dua trén thuat toan né vung

1.4 Bién d6i khoang cach
1.4.1 Giéi thi¢u

Bién ddi khoang cach (Distance tranform) 1a thuat toan bién doi gié tri
ctia diém anh thong qua khoang cach ctia nd so voi diém bién trong birc anh.

Thong thudng mot birc anh s& duge chia thanh cac thanh phan nhu sau:

_ Piém d6i twong 1a nhitng diém tryuc tiép cu thanh 1én ddi twong. Trong

anh nhi phan, diém doi tugng 1a nhitng diém c6 murc xam bang 1.

- Dbiém nam ngoai do6i twong, hay con goi la diém nén, trong anh nhi

phan, diém nén 1a nhitng diém c6 gia tri mirc xam bang 0

- Giao cua cac diém doi tugng va cac diém nén dugce goi la bién anh viet

tat 1a B.

1.4.2 Thuit toan bién d6i khoang cach don gian.

Thuat toan bién doi khoang cach don gian dugc trinh bay nhu sau:

Pau tién, chi dinh mdi phan tir trén dudng bién mot gia tri khoang cach
12a0,1(s)=0

Trong d6 diém “s” 13 nhitng diém nam trong B (B 1a duong bién) . Sau
d6 voi mdi diém “t” khong nam trong B thi ching ta gan 1 (t) =min{d (s, t) ,

trong d6 d (s, t) 1a khoang cach Euclid tir diém s dén diém t.

Giai thuat cua thuat toan nay duogc trinh bay bén duoi:
for (y = 1;y <ySize-1;y ++) {
for (x = 1; x <xSize-1; x ++) {
if (I" (x,y) '=0) {
for (y1 = 0; y1 <ySize; y1 ++) {
for (x1 = 0; x1 <xSize; x1 ++) {
if(1'(x1,yl)==0){
d =sqrt ((x-x1) * (x-x1) + (y-y1) * (y-y1) ) ;
if(d<I"(x,y)){
' (x,y) =d;
by
Ml end if
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} [ end for x1
}/ / end foryl
M/ end if
}/ end for x
} // end fory

1.5 Phén doan anh
1.5.1 Giéi thidu

Phan doan anh (hay con goi la phan ving anh) 1a budc then chét trong
xur Iy anh. Giai doan nay nham phan tich anh thanh nhiing thanh phan c6 ciing
tinh chat nao d6 dua theo bién hay cic ving lién thdng. Tiéu chuin dé xéc
dinh cac vung lién théng cé thé 1a cing mac xam, cung mau hay cung do

nham.

(a) Original image (b) Segmented image

Hinh 1-9. Vi du vé phin doan anh
(a) Anh gdc truée khi phan doan

(b) Anh sau khi phan doan

Vung anh 1a mét chi tiét, mot thuc thé trong toan canh. N6 1a mot tap
hop cac diém cd clng hodc gan cing mét tinh chat nao d6 : mac xam, muic
mau, d6 nham. Vung anh la mét trong nhitng thugc tinh co ban cta anh. NOi
dén ving anh 1a noi dén tinh chat bé mat. Puong bao quanh mot ving anh
(Boundary) la bién anh. Cac diém trong mét viing anh c6 do bién thién gia tri

murc xam twong d6i dong déu hay tinh két cAu twong dong.
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1.5.2 Mot s6 huéng tiép can trong phan doan anh

Color Image Segmentation techniques
(Céc I thuit phin doan inh mén)
Feature- Spatial-based Physics-based
EE [ STg (Khéng gian inh) (Cic phwong phip
e vt 1Y)

Hinh 1-10. Mt s6 hwéng tiép cin phan doan anh
Phéan doan anh 14 chia 4nh thanh cic ving khong tring lap. Mdi ving
gdm mot nhom pixel lién thong va dong nhit theo mot tidu chi nao d6. Tiéu
chi nay phu thudc vao muc tiéu cua qua trinh phan doan. Vi du nhu dong nhét
vé mau sac, mic xam, két cau, d6 sau ciia cac layer... Sau khi phan doan mdi
pixel chi thuéc vé mot viung duy nhat. Dé danh gia chét lugng cua qua trinh
phan doan la rat kho. Vi vay trudc khi phan doan anh can xac dinh 16 muc

ti€u cua qua trinh phan doan 1a gi. Tong quan vé mot s6 hudng ti€p can trong
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phan doan anh dugc md ta nhu trong hinh 1-10. Cac vu nhugc diém cua céac

phuong phap phan doan anh dugc minh hoa trong bang 1-1

Bang 1-1. Uu nhwoc diém ciia cac phwong phap phan doan anh

Phuong phap phan ving

Uu diém

Khuyét diém

Featured-based techniques (Cac phuong phap dua trén khong gian dac trung)

Clustering (Phan doan
dua trén cum)

* Phan loai khong giam
sat.

= Téon tai cac phuong
phap kinh nghiém cai
tién (heuristic) va hitu

han.

» Khong quan tam dén
cac thong tin trong
khong gian anh.

= C6 van dé trong viéc
xac dinh s6 luong cac
cum ban dau.

= Kho khan trong viéc
diéu chinh cac cum
sao cho phu hop voi

cac vung trong anh.

Adaptive Clustering

(Phan doan dua vao
nguong thich nghi)

» S& hitu tinh lién tuc
trong khong gian anh
va tinh thich nghi cuc
bd d6i véi cac ving
anh.

» Str dung céac rang budce

vé khong gian anh.

= Cuc dai hoa mot xac
suat hau nghiém c6 thé
bi sai do cac cuc tri
dia phuong.

= Hoi1 tu cham.

Histogram thresholding

(Pbén gToan dua vao
bicu do histogram)

= Khong can biét trudc
bat ky thong tin nao tir
anh.

= Cac gidi thuat nhanh

* Bo qua cac thong tin
vé khong gian anh.
= Liy ngudng trong cac

histogram da chiéu 1a
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va dé dang cai dat.

mot qua trinh phic
tap.

= Dé 4anh hudng bai
nhidu xuat hién trong

anh.

Spatial-based tech

niques (Cac phuong phap trén khong gian anh)

Spit and Merge
(Chia va hgp ving)

* Stir dung cac thong tin
vé khong gian anh 1a
chinh.

= Cho két qua t6t vi cac
anh chira nhiéu ving

mau dong nhat.

* Pinh nghia muc do
ddng nhat vé mau sic
c6 thé phirc tap va kho
khan.

= Quadtree c6 thé giy ra
cac két qua khong nhu

mong muon.

Region growing
(Thuét toan né vung)

= Cic vung anh dong
nhat va lién thong.

= C6 mdt sb thuat giai c6
tbc do thuc thi kha

nhanh.

= Tén kém chi phi sur
dung b nhéd va tinh
toan.

* Gdp kho khan trong
viéc thu thap tdp cac
diém mam va xac dinh
cac diéu kién dong
nhat day du.

* Chiu anh hudng boi
cac dac tinh tu nhién

cua k¥ thuat nay.

Graph theories
(D6 thi)

= Thé hién tot khong
gian anh bang db thi.

= Mot vai thuat giai mat

kha nhiéu thoi gian
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= Mot sO thuat toan cod

toc do thuc hién

nhanh.

thuc hién.

» Cac dac trung cuc bo
doi khi dugc sur dung
nhiéu hon cac dic

trung toan cuc.

Neural networks

= Mtrc d§ song song hoa

= Mau sac cO6 thé lam

(Mang Neural) cao va co toc do thuc| ting do phuc tap cua
thi nhanh. mang.
= Kha ning chéng chiu|= Qua trinh hoc can phai
t6t trude cac thay doi. biét trudc sb lugng cac
= Mot cong cu hitu hiéu | Phanlop/cum.
cho cac ing dung nhan
dang va xt 1y anh y
khoa.
Edge-based » La phuong phap dugc | = Khé khan trong viéc
(Tim bién) hd trg manh bdi cac| dinh nghia mot ham

toan tir do bién.

= C6 hiéu nang tét voi
cac ung dung do bién
dbi tugng theo dudng

cong.

gradient cho cic anh
mau.

= Nhiéu hoic cac anh cé
do tuong phan kém
anh huong xau dén két

qua phan vung.

Physics-based techniques (Cac phuong

phap vat 1y)

= Khang dinh tinh chéc

chan doi vé1 cac vung

= Bi gidi han vao mdt so

luong nhat dinh cac

bong sang/téi, va ving | loai vat chat hinh
bong  chuyén tiép
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(diffuse hoac shade) thanh nén d6i tuong.

= Phan ving cic ddi|= Kho khin trong viéc
tuong dua vao thanh| xdc dinh vung bong
phﬁn vat liéu cu tao sang va bong chuyén
tiép trong cac 4anh
thuec.

= Mot vai gidi thuat doi
hoi cac théng tin vé
hinh dang dbi tuong
(khong luon Iudn dap
ung duoc) .

= Chi phi tinh toan khéa

Cao.

1.5.3 Phan doan dua trén ngudéng

Phuong phap phan doan dua trén ngudng muc dich dé phan chia hinh
anh dua trén phan vung anh thanh cac vung khac nhau tuy vao gia tri cuong
d6 cua cac diém anh va cac diém anh 1an can. Pay la thao tic don gian nhat
dé phan doan hinh anh.

Nguyén 1y co ban cua ki thuat phan ngudng d6 1a chon mét gia trj toi
uu, phi hop dé chia cac diém anh trong hinh anh thanh céc 16p khac nhau va
phan biét duoc dau 1a dbi twong, dau 13 nén.

Gia tri nguong trong phan doan dua trén ngudng dugc nguoi dung dat
phu hop. Bat ky diém nao trén hinh anh ma c6 gia tri pixel Ién hon gia tri
ngudng nay thi dugc goi 1a diém dbi twong va nguoc lai ta goi do 1a diém nén.

Co 3 ky thuat chon ngudng chinh duoc goi la:
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- Ngudng toan cuc
- Ngudng cuc bo
- Ngudng dong.

O ngudng toan cuc, gia tri ngudng chi phu thudc vao gia tri mic mau

xam cua pixel cua toan ving ma ta dang xét toi.

O ngudng cuc b, ngudng duge chon phu thude vao gia tri d6 xam cua
cac pixel thudc mot vung cuc bo dang xét, cac thudc tinh cuc bd cua pixel nhu

gia tr1 xam trung binh cia mot vung dang xét.

Gia tri ngudng ¢ ngudng dong dugc tinh bang cac thudc tinh cuc bo,
cuong do diém anh va khong gian toa do. Ngudng dong thay doi gia tri
ngudng chu dong trén hinh anh. Trong tirng vung anh, gi4 tri ngudng s€ thay
d6i sao cho phu hop véi cac diéu kién cua ving anh d6. Gid tri ngudng duoc
tinh cho mdi pixel dua trén mdi quan hé cta cac diém anh cuc bd. Y nghia gia
tri cuong do ciia mdi diém anh lan cén 1a rat quan trong dé xac dinh ngudng

cho vung.

Duéi day 1a 1 mot s vi du vé phan doan anh dya trén ngudng:

Hinh 1-11. Vi du anh goc truéc khi ap dung phan ngudng
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Hinh 1-13. Anh phan ngudng v6i ngudong dong
Ngoai ra ching ta con mot sé ki thuat phan doan anh dya trén nhiéu

mang khéc nhau, cc ki thuat nay déu duoc ndi khai quat & bang trén
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CHUONG 2: PHAN POAN ANH VOI THUAT TOAN NO VUNG

2.1 Thuat toan né viung

Thuat toan nd vung (region growing) la mot thuat toan phan doan anh
duoc sur dung dé phan chia cac vung khac nhau trén mot anh. Pac diém cua
cac thuat toan nd ving phu thudc vao thong sd dé két thuc qua trinh tim kiém
trong vung. Thong thuong, qua trinh né vung sé duoc dung khi khéng co
pixel thoa mén tiéu chuan ctia ving d6. Khi thong tin ban dau khong thé tim
kiém duoc, qua trinh nd ving s& dya vao nhitng pixel c6 cung dic tinh dé
quyét dinh xem pixel c6 nam trong ving can tinh hay khong. Viéc lua chon
cac tiéu chuan tuong déng phu thudc dac diém cua doi tuong can xét trén anh
va loai dir liéu anh. Tiéu chuan co thé bao gém gia tri cuong do xam, dac
diém cu trac hodc chi s thong ké va khong tién hanh tinh toan lai cac pixel
da tinh trong vung. Viéc lua chon ti€u chuan chinh x4c s& lam tang kha nang
xéac dinh ctia thuat todn nd ving ca vé kich thude ciia ving xét va hinh dang
cua vung.
2.2 Mot so thuit toan né ving
2.2.1 Thuat toan né vung co ban

Thuat toan né viung dugc mod td nhu mdt qué trinh nhdém cac pixel hodc
cac ving nhd vao mot ving 16n hon dua trén cac tiéu chuan di dinh trude.
Thuét toan co ban 1a bat dau tir cac diém gieo mam va tir 6 mo rong ving
tim kiém phu thudc vao cac diém lan can c6 cung dic diém véi diém gieo
mam nhu cing mtc do xam. Cong thire (2. 1) mé ta thudt toan né ving dua
vao gia tri d6 xam cua cac diém gieo mam va cua pixel dang xét. Xét cong
thire (2. 1) thi pixel R; s& duoc chon vao ving P néu théa méan diéu kién 1a
gia tri tuyét ddi cua hiéu gia tri do xam cua pixel R; va gia tri d6 xdm cua
diém gieo mam nho hon mot ngudng T dugc lya chon. Ngudng T duoc nguoi

dung chon tuy theo muc dich.

P(R,))=True:if |z—z < T 2.1)

seed
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2.2.2 Thuét toan né ving thong ké

Thuat toan nd vung thdng ké vé ban chét van 13 thuat toan nd ving theo
nguyén tic lan téa tir mot diém gieo mam bén trong ving. Quy tic dat ra cho
viéc léy thém mot diém vao vung la dua trén viéc so sanh gia tri diém anh
moi voi chi sd théng ké duge tinh tir cac diém did dugc phan loai vao ving
dang xét [1]. Thuat toan nd vung thong ké duoc thuc hién dua trén gia tri
trung binh cua cac diém anh trong ving dua vao cong thirc (2. 2) va do 1éch

chuan cong thie (2. 3) [2].

M — = ST (.o (2.2)
N «.o<erm
sd= % > neo—mr (2.3)
N «.5erm

trong do: 1(r,c) gia tri cudng do xam cua cac pixel co trong vung. Mot
pixel s€ dugc phan loai vao ving dang xét néu gia tri cuong do xadm cua pixel
do gan véi gia tri cuong do xam trung binh cua vung xét dua vao cong thirc

(2.4) 2]

| 1(r,c) — M) |= T(D (2.9

Trong d6, gia tri ngudng T (i) cia ving xét ¢6 thé duge xac dinh theo

cong thirc (2. 5)

T(i)=1_“°l'\'/|d—((ii)) 2.5)

2.2.3 Thuat toan né vung theo luu vuce

Trong tai liéu [1], tac gia sir dung thut toan nd ving theo luu vuc dé
tach vét dau trén anh SAR. Do céc vét dau la ving dbi tuong va toi hon so voi
khu vuc lan can trén anh nén néu coi anh SAR nhu hinh anh 3D cua dia hinh
thi cac vét dau co thé duoc coi nhu cac thung ling so véi cac ving xung
quanh. Chinh vi thé cac vét dau co thé dugc tach dua trén cac quy luat hinh

thanh Iuu vuec.

Nguyén Pinh Phuc  CT1701



Phan doan anh dua trén thuat toan né vung

Watershed ridge line

Catchment basing

Hinh 2-1. M6 ta hinh anh luu vwe cia 2 ving

Nhu vay, vé1 mot diém gieo mam duoc xac dinh trong Iuu vuc thi thuat
toan nd vung s€ dugc xay dung twong tu nhu hién tugng nudc s¢ dugce dang
lén va lam dﬁy luu vuc. Thuét toan tim kiém cac diém thudc ving xét van
tuong ty nhu thuat toan nd ving co ban. Tuy nhién diéu kién dé lya chon
diém pixel thudc vao vung xét s€ dya trén sy bién thién gia tri cua ban than
pixel. Trong thuit toan nd ving theo luu vuc c6 rat nhidu phuwong phép lua
chon diéu kién dé lya chon diém pixel thudc vao vung xét nhu xac dinh céac
duong phan thuy (watershed ridge line) gilra cac vung; xac dinh gid tri
gradient cua cac pixel c6 cudng do xam thap & day luu vuc va cac pixel co

cuong do xam cao & dinh luu vuec.

2.3 Phan doan anh theo bién ddi Watershed
2.3.1 Gioi thiéu:

Watershed 1a mét day thuat toan, dugc st dung trong phan doan anh.
N6 pho bién trong cac linh vyc nhu xtr Iy y sinh hoc va y té, thi gidc may tinh.
Vé dia 1y, luu vuc c¢6 nghia 1 ring ndi phan chia cac khu vuc thoat nuédc boi
cac hé thdng song khac nhau. Néu anh dugc xem 1a canh quan dia chat thi cac
duong phan thuy xac dinh ranh gidi tach cac vung hinh anh. Thuét toan
watershed muc dich dé tim ra cac luu vuc va cac duong phéan thity, hay con
goi 1a cac duong phan cach cac vung trén anh, nhoém cac vung anh c6 cung

cac thugc tinh lién quan lai thanh mot viung déng nhat.
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Watershed line  Catchment basins

Hinh 2-2. Hinh anh minh hoa thuit toan watershed
Watershed line 1a duong phan thuy duoc giai thich nhu 1a dap dé ngin
chan sy hoa nhap luong nudc cua cac luu vuc chira nudc khac nhau, trong
mot birc anh thi n6 dugc xem nhu duong phan cach cac khu vuc anh duoc

nhom vao thanh mot nhom trudce do.

Catchment basins la cac luu vuc chtra nuéc, ap dung vao trong mot birc
anh thi né dugc coi nhu 1a mot vung céac pixel duwgc nhém lai thanh mét viung

nhat dinh c6 cing mot s6 thude tinh nao d6 (mirc xam, do sang vv...)
Thuat toan watershed duogc phat trién theo 2 hudng:

~ Huédng dau tién duoc trinh bay theo nguyén 1y nudc dang va né 1a mot

hudng tiép can truyén thong.
- Hudng thtr hai dugc trinh bay theo nguyén ly dong chay.
Thuat toan watershed dua theo nguyén ly nwéc dang:

Anh dau vao duoc coi nhu mot ving dia hinh véi cac ving triing nhat
1a tap hop nhitng diém co6 gia tri mic xam nho nhat. Hay tudng tuong, nudc
dugc ngap bat dau tir nhitng diém nay véi tbe do khong d6i, muc nudc sé ting
dan bé mit, khi muc nude dang 1én cao, cac luu vuc s& két hop voi nhau. Dé
ngin chin sy sat nhap nay, mot dap duoc xay dung diing chd giao nhau cua 2
lwu vue. Ctr thé, nude dang s& dat dén dinh diém ma chi dau dap méi co thé
nhin thiy trén duong nude. Nhitng ranh gisi dap lién tuc ndy duoc goi 1a cac

dudng phén thuy.

Nguyén Pinh Phuc  CT1701



Phan doan anh dua trén thuat toan né vung

Dé hiéu thuit toan nay rd rang hon, nhitng hinh anh duéi ddy s& mo ta

chi tiét thuat toan néu trén.

(G) (H)

Hinh 2-3. Mo ta thuit toan watershed theo nguyén ly nwéc dang
Trong do:

(A) La anh gbc

(B) La giao dién dia hinh cua anh
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(C) La hinh anh bat dau qua trinh nuéc dang

(D) La giai doan tiép theo ctia qua trinh, nuéc dugce dang cao hon

(E) Tiép tuc viéc nude dang

(F) Bit ddu qua trinh sat nhap nudc tir cac luu vue, cac dap chin nude

bat dau dugc hinh thanh

(G) Pap chin nude duge hinh thanh dai hon do viée sat nhap nudc lién

tuc.

(H) Luu vuc cudi cung, cac dudng phan doan dugc hinh thanh
Thuat toan watershed dua theo nguyén ly dong chay:

Trong céch tiép can thuat toan watershed dua theo nguyén 1y dong chay, hinh
anh dugc coi nhu mt bé mdt dia hinh véi ba loai diem khéc nhau:
~ Nhitng diém chi ra cho ta biét d6 14 diém t6i thiéu
_ Nhimng diém trén sudn dbc, d6 1a nhimg diém ma nudc chay vao tbi
thiéu c6 xac suat cao nhat.
_ Piém c6 nude chay xudng ving tbi thiéu co xac suat cao hon.

Cac nhom diém thoa man nhom thi hai s& duoc goi 1a Catchment basin
(tdc 14 vung chta cac diém anh c6 chung mot tinh chat hay con goi 1a luu
vuc) .

Céc diém anh thoa man nhom thtr ba, noi ma nudc roi xudng va chay
vao nhiéu ving t6i thiéu ta goi d6 1a cac diém Watershed line (tic 1a tap hop
cac diém tao ra dudng ngin cach sy hoa nhap nudc, ap dung vao phan doan
anh ta c6 thé goi né 1a dudng phan thity.

Thuat toan watershed theo nguyén 1y dong chay khai thac cac khai
niém hoi khac mot chut so vdi thuat toan phan doan theo nguyén 1y nudc
dang truyén théng. Vé co ban, dong chay sé& chay tir trén dinh nai (bé mit cua

dinh hinh) va di chuyén xudng phia bén dudi do anh hudng cta trong luc cho
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dén khi dat dén bé mit tbi tiéu cua vung dia hinh. Thuat toan s€ theo doi con
duong ma tir khi nude bat dau chay qua cac diém trén bé mit vé phia ving dia
hinh tdi thiéu néu nhu nuéc chay qua diém dé. Tat ca cac diém anh s& tao
thanh mot phan doan khi luong nude chay qua ching cung chay vé mét vj tri
sdu nhat. Khi mot diém ma nude chay xudng c6 nhiéu hon mot con duong dé
chay vé céac diém cuc tiéu thi n6 c6 thé duge xac dinh cho mot vung triing bat
ky.

Ngudng chim duoc st dung dé loai bd ngon nui thap nhét (twong tng
v6i canh yéu nhat trong hinh anh) . Ngon nii s& khong duoc xem xét néu nhu
chiéu cao ctia ching nim dudi ngudng chim nay. Puong ngudng dudi nay

dugc minh hoa nhu hinh 2-4 phia bén phai khi lvong nude da dang cao.

l
\ \ /
AV \VAVY

i
g m—

o

Hinh 2-4. Thuét toan dong chay va ngudng chim
2.3.2 Thuit toan watershed dwa trén cac thanh phan lién théng

Khai niém co ban cua thuat toan watershed duya trén cac thanh phan lién
thdng duogc giai thich nhu hinh 2-5, 2-6 va 2-7. Tu tuong cua thuat toan
watershed dua trén cac thanh phan lién théng twong ty nhu thuat toan dua trén
nguyén ly dong chay.

Ma tran diém anh ban dau F (5, 6) c6 ba gia trj toi thiéu cuc bo duoc
biéu thi bang cac hop mau xam duoc thé hién qua hinh 2-5.

Céc thanh phan (pixel) néu khong phai 1a gia tri t6i thiéu cuc b thi né
duogc két ndi voi diém cé gia tri toi thiéu cuc bo nhu duge chi ra boi cac miii

tén nhu hinh 2-6.
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Tat ca cac pixel khong phai 1a gia tri t6i thiéu két ndi téi mot diém co
gia tri tdi thiéu s& 1am thanh mot phan doan va s€ dugc gan mot nhan cho tat

ca cac diém dé nhu hinh 2-7.

13| 13| 15) 16| 16| 13
1919 18| 17| 15
200 18| 17| 16| 15| &

Hinh 2-5. Anh gbc
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Hinh 2-6. Cac pixel lan cin lién két téi diém cuc ti¢u
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Hinh 2-7. Nhian dwoc gan cho cac diém anh
Chi tiét ciia thuét toan:

Céc ky hiéu duogc str dung trong thuat toan:

P: biéu dién mot diém anh, f (p) : 13 gia tri xam ciia diém anh p.

N: 1a diém anh lang giéng cua P, f (n) : 1a gia tri xam cua diém anh N.

V (p) 1a gia tri dung dé luu khoang cach tir thp nhat dén cao nhat cua

diém anh.

_ L[p] 12 mang duoc str dung dé luu trit cac nhan.

_ LMAX va VMAX biéu thi gia tri t6i da cho nhén va khoang cach tbi da
trong hé thong tuong tmg. VMAX xac dinh khoang cach gitta pixel dau

tién cua hang dau tién dén pixel cudi cung cta hang cudi cung.
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Thuat todn watershed dua trén céc thanh phan lién thong bao gom 3
budc nhu sau:
- Budc 1: Tim ra cac diém c6 gid tri d0 xdm nho hon gia tri d§0 xam cua
cac diém lang giéng.
- Budce 2: Tim ra khoang cach ctua cac diém anh nam trén viung bang

phang dén di€m anh c6 gia tri xam thap nhat va gan gia tri cho né.

- Budce 3:Gan nhan cho céc diém anh c6 cung thudc tinh va nhom no

thanh mdt vung.

Sau day 1a thuat toan chi tiét ciia cac budc:
Budec 1:

Ban dau, mang v[p] dugc dit 1a “0” cho tit ca cac phan tir trong mang.
Anh dau vao s& dugc quét tir phia trén cling tlr trai qua phai theo timg hang.
Gia tri v[p] s& duoc dat 1a ‘0’ (khong doi) néu gia tri d6 xam cta diém anh
dang xét thép hon hoac b'img gia tr1 do xam cua cac diém anh 1an can. Cac
diém anh co gid tri do xam cao hon gia tri d0 xam cua cac diém anh 1an can s&
duogc dit 1a “1°. Thuat toan budce 1 duge trinh bay bang hinh anh 2-8 va hinh
2-9 phia dudi.
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Hinh 2-8. Gia tri mirc xam cuia anh dau vao
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Hinh 2-9. Gia tri v (p) ciia tirng diém anh sau khi chay budéc 1
Budc nay dugc mo ta theo thuat toan sau:
function stepl (p)

if v[p] #1 then

for each n of p // n is neighbour pixel of p
if f[n] < f (p) then v[p] « 1
end if
end for

end if
end function

Thuat toan cta budc 1 kha don gian, no s& tién hanh thay doi gia tri v
(p) cua diém anh dang xét bang cach so sanh gia tri d6 xam cua diém anh
dang xét véi cac diém anh 14n can, gia tri v (p) ctia diém anh dang xét s& duoc
dit 1a 1 néu nhu nd théa man diéu kién 13 gia tri do xam f (p) ctia né 16n hon
mot trong nhiing gia trj d6 xam cua cac diém anh 1an can f (n) . Nguoc lai thi
gia tri v (p) cua diém anh dang xét s& dugc dat 1a 0 (khoéng d6i) .
Buoc 2:

Ving bang phang la ving chua it nhat 2 diém anh c6 gia tri d6 xam f
(p) gidng nhau 1 diém 1an can ndm canh nhau.

Xét vi du trong hinh 2-8, Cac diém anh I (1;5), | (1;6), I (1;7) lan luot
c6 gia tri do xam f (p) = 8, 8, 8 1én nod dugc coi la mot ving bang phang, dugc

danh dau bang mau xam nhat nhu trong hinh 2-8.
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Trong budc nay, chi c6 cac diém anh cé gia tri v[p]=0 tim dugc & budc
1 s& duoc xem xét, cac diém anh 1an can cua diém anh dang dugc xét phai
nam trén cung mot mit phang gia tri khong d6i (Ving bang phang) . Thuat

toan duyén tir trai qua phai theo tirng hang, tir trén xubng dudi.

Budc nay dugec mo ta boi thuat toan sau:
function step2 (p)
if v[p]# 1 then min «— VMAX,
for each n of p // n is neighbor pixel of p
if f (n) =f(p) and v[n] > 0 and v[n] < min then min «—
v[n]
end if
end for

If min # VMAX and v[p] # (min+1) then v[p] «— min+1
end if

end if
end function

Thuat toan budc 2 dugc minh hoa béng cac hinh anh bén dudi:
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Hinh 2-10. Gi4 tri xam ctia anh dau vao
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Hinh 2-12. Gia tri v (p) ciia cac diém anh sau khi chay budéc 2
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Hinh 2-13. Gia tri v (p) sau khi da hoan tit cic budc quét anh
Budc 3:
Budc nay duge mo ta nhu sau:
function step3 (p)

Imin « LMAX, fmin « f (p)
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if v[p] =0 then
for each n of p
if f (n) =f(p) and I[n] > 0 and I[n] < Imin then Imin «
I[n]
end if
end for
if Imin = LMAX and I[p] = 0 then Imin « New label + 1
end if
else if v[p] = 1 then
for each n of p
if f (n) < fmin then fmin « f[n]
end if
for each n of p
if f (n) = fmin and I[n] > 0 and I[n] < Imin then

Imin<—I1[n]
end if
else
for each n of p
if f(n) =f(p) and v[n] =v[p] — 1 and I[n] > 0 and I[n] <
Imin then Imin « I[n]
end if
end if
if Imin # LMAX and | (p) # Imin then 1[p] « Imin
end if
end function
Vi du:

Trong budc nay, anh s& duoc quét tir trai trén cung xudng dudi phai.
Ban dau nhan L (p) cta tit ca cac diém anh déu dugc gan = 0.

Thuat toan sé duy¢t anh dén khi tit ca cac diém anh déu duoc gan nhan
moi va duyét dén khi cac bude duyét khong co gi thay d6i thi thuat toan ding

lai.
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Mot s6 két qua anh sau khi thwe hién budre 3:
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Hinh 2-14. Mirec xam cua diém anh diu vao
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Hinh 2-15. Nhin méi dwoc gan sau buéc quét xudng lin 1
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Hinh 2-16. Nhan thay d6i khi thue hién phép quét tir dwéi 1én trén lan 1
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Hinh 2-17. Quét tir trén xudng dwdéi 1an 2
Sau budc quét ta thdy van con mot s diém chua duoc dan nhén, tiép

tuc viéc quet tu dudi 1én trén
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Hinh 2-18. Quét tir dwéi 1én lin 2
Vin ton tai 2 diém anh chua dugce dan nhén, tiép tuc viée quét tir trén

Xuong dudi maot lan nira
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Hinh 2-19. Quét anh tir trén xudng dwdi lan 3
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Nhu ta théy, luc nay toan bg anh déu da duoc dan nhin, thuét toan sé
dimg viéc quét anh ¢ day vi nhan da dugc gan cho tit ca cac diém anh. Sau

budc 3, ta dugc mdt hinh anh dugc phan nhan dﬁy du nhu hinh 2-26:
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Hinh 2-20. Hinh anh gan nhén cudi cung

Toan bd thuat toan dugc mo ta nhu sau:

Input : f, Output : |
v[p] < 0, l[p] < 0, New_label «— 0, Scan_Step2 «<— 1, Scan_Step3 « 1
Scan from top left to bottom right : stepl (p)
while Scan_Step2 =1 do
Scan image from top left to bottom right : step2 (p)
if v[p] is not changed then
Scan_Step2 «— 0

else
Scan image from bottom right to top left : step2 (p)
If v[p] is not changed then
Scan_Step2 «— 0
end if
end if
end while

while Scan_Step3 =1 do
Scan image from top left to bottom right : step3 (p)
if I[p] is not changed then
Scan_Step3 «— 0
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else
Scan image from bottom right to top left : step3 (p)
If I[p] is not changed then
Scan_Step3 «— 0
end if
end if
end while
function stepl (p)
if v[p] #1 then
for each n of p // n is neighbour pixel of p
if f[n] <f (p) then v[p] < 1
end if
end for
end if
end function
function step2 (p)
if v[p]# 1 then min «— VMAX,
for each n of p // n is neighbor pixel of p
if f (n) =f (p) and v[n] > 0 and v[n] < min then min «
v[n]
end if
end for

If min # VMAX and v[p] # (min+1) then v[p] «— min+1
end if

end if
end function
function step3 (p)
Imin <« LMAX, fmin « f (p)
if v[p] = 0 then
for each n of p

if f (n) =f(p) and I[n] > 0 and I[n] < Imin then Imin «
I[n]
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end if
end for
if Imin = LMAX and I[p] = 0 then Imin « New label + 1
end if
else if v[p] = 1 then
for each n of p
if f (n) < fmin then fmin « f[n]
end if
for each n of p
if f (n) = fmin and I[n] > 0 and I[n] < Imin then

Imin<—I1[n]
end if
else
for each n of p
if f (n) =f(p) and v[n] = v[p] — 1 and I[n] > 0 and I[n] <
Imin then Imin <« 1[n]
end if
end if
if Imin # LMAX and | (p) # Imin then 1[p] « Imin
end if

end function
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CHUONG 3: THUC NGHIEM

3.1 Phat biéu bai toan Gng dung

DPém va tach cac dbi tuong co hinh dang don gian va khong dinh nhau
kha 1a d&. Chi can l4y bién tir anh nhi phén thi ching ta c6 thé biét dugc sb
luong duong bién. Nhung néu dbi tuwong dinh nhau hodc dé chong, thi kho
hon. Vi du nhu hinh 3-1A, néu lay ngudng cia n6 trong hinh 3-1B thi s
luong bién 1a 3 trong khi dung 1a 5. Pé duoc két qua dung, chung ta can s
dung két hop cac k¥ thuat khac nhau trong xir Iy anh. Trong phan nay, do an
s& thye nghiém két hop k¥ thuét bién ddi khoang cach dé tach va dém cac doi
tugng, sau d6 ap dung k¥ thuat phan doan anh theo phép bién doi Watershed
dé xac dinh ranh gioi1 gitta cac doi tuong. Thuc nghiém duoc cai dat st dung

visual studio 2015 véi thu vién OpenCV3. 0.

(A) | ~--

Hinh 3-1. Anh thuc nghiém
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3.2 Khai quat vé thu vién OpenCV

Gidi thiéu vé thu vién OpenCV:

OpenCV (Open Source Computer Vision) 1a mét thu vién ma ngudn
mé vé thi gidc may véi hon 500 ham va hon 2500 cac thuat toan da dugc tbi
wu vé xtr 1y anh, va cac van dé lién quan t6i thi gidc may. OpenCV duoc thiét
ké mot cach tdi uu, sir dung t6i da sitc manh cta cac dong chip da 13i... dé
thue hién cac phép tinh toan trong thoi gian thuc, nghia 1a tbc do dap tmg cua

n6 c6 thé du nhanh cho cac tmg dung thong thuong.

OpenCV 1a thu vién dugc thiét ké dé chay trén nhiéu nén tang khac
nhau (cross-patform) , nghia 1a né c6 thé chay trén hé diéu hanh Window,
Linux, Mac, iOS ... Viéc sir dung thu vién OpenCV tuan theo cac quy dinh vé
str dung phdn mém ma nguén md BSD do d6 ban co thé st dung thu vién nay
mot cach mién phi cho ca muc dich phi thuong mai 1an thuong mai. Du an vé
OpenCV duogc khéi dong tir nhitng nam 1999, dén nam 2000 né duogc gidi
thi¢u trong mdt hdi nghi cua IEEE vé cac van dé trong thi giac may va nhan
dang, tuy nhién ban OpenCV 1. 0 mai t&i tan ndm 2006 maéi chinh thire duoc
cong bd va nim 2008 ban 1. 1 (pre-release) méi duoc ra doi. Thang 10 nim
2009, ban OpenCV thé hé thir hai ra doi (thuong goi 1a phién ban 2. X) , phién
ban nay c6 giao dién cia C++ (khac véi phién ban trudc c6 giao dién cua C)
va c¢6 kha nhiéu diém khéc biét so voi phién ban thtr nhat. Thu vién OpenCV
ban dau duoc sy hd tro tir Intel, sau d6 duge hd trg b Willow Garage, mot
phong thi nghiém chuyén nghién ctru vé cong nghé robot. Cho dén nay,
OpenCV van la thu vién md, duoc phat trién béi ngudén quy khong loi nhuan
(none -profit foundation) va duoc sy hudng tmg rat 16n cia cong dong[4].

3.3 Cac buéce thuc hién
Hinh anh duoc sir dung trong bai toan nay 13 anh cac dong xu chong lap

mot phan |én nhau. Trong phan nay do an s& thuc hién dém va xac dinh ranh
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gidi giita nhimg d6i twong dong xu dé chong 1én nhau bang cach st dung ham

bién d6i khoang cach Distance transform va thuat toan Watershed.

o test2 - Microsoft Visual Studio YE & | QuickLaunch (Ctr+Q) Pl & x
File Edit View Project Build Debug Team Tools Test Analyze Window Help signin A
(@0 @2 W9 o Debug - a4 - b Local Windows Debugger = | 71 _

(Global Scope)

~ | @ 0Erors | 4 0Wamings | @ OMessages | ¢ | Build « IntelliSense

Project File Line

Lni 5 M Publish &

= S a o % F0 I
Hinh 3-2. Giao dién chwong trinh cai dat
3.3.1 Buwée 1: Tién xir ly

Budc nay gom c6 2 thao tac can thuc hién: Loc nhiéu va phan ngudng
Poc anh (Input Image) :

Ta c6 anh dau vao dugc doc bang ham Imread c6 san trong thu vién

ctia OpenCV. Ham Imread 1a mot ham dung dé doc hinh anh tir file véi ddi s6
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truyén vao 1a mot input ddu vao chira tén file, dbi s6 thwr hai 1a mot bién chi

dinh cach ma OpenCV s¢ load hinh.

Céu tric ctia ham imread trong thu vién OpenCV duogc trinh bay nhur

sau:

Mat image;

Image=imread (INPUT, CV_LOAD_IMAGE_COLOR) ;
Trong do:

_ INPUT la file anh dau vao can doc.

- CV_LOAD_IMAGE_COLOR: Hinh anh load 1én dudi dinh dang 3
kénh mau RBG (Red, Green, Blue) .

- CV_LOAD IMAGE_GRAYSCALE: Hinh anh load 1én du6i danh hinh
anh xam.
- CV_LOAD_IMAGE_UNCHANGED: Hinh anh load lén dugc gitr

nguyén cau trac cua no.

~ Mat 1a cau trac dung dé luu gilr data cta hinh anh duoc sir dung trong
OpenCV.

Sau khi load anh bang ham Imread ta c6 dugc hinh anh 3-4:

Hinh 3-3. Hinh anh diu vao
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Loc nhieu:

Sau khi d3 c6 dugc anh dau vao, thao tac tiép theo can thyc hién trong
budc tién xir 1y 1a chung ta s& di loc nhiéu cho birc anh dau vao. Muc dich cia
thao tac loc nhiéu la dé loai bo mot sd loai nhidu khong can thiét ¢ thé anh

hudng dén qua trinh tim kiém do1 tugng sau nay.

Pé thuc hién thao tac loc nhiéu, dau tién ta cin chuyén hinh anh dau

vao tr anh mau qua anh xam dé co thé ap dung duoc mot s6 ky thuat loc:

Trong OpenCV chung ta c6 thé st dung ham CvtColor dé thuc hién
chuyén anh dau vao tir anh mau qua anh xam. Cau triic ciia ham CvtColor

trong OpenCV duogc trinh bay nhu sau:
Mat bw;
CvtColor (src, bw, CV_BGR2GRAY) ;
Trong do:
~ src la doi s6 dau vao
- bwa d6i sb dau ra
_ CV_BGR2GRAY 1a code quy dinh s& chuyén ddi tir ma mau nao sang
ma& mau nao. O day ta sé& thuc hién viéc chuyén doi tir ma anh mau sang
anh xam.
Sau khi chuyén d6i hé mau cua anh gbc sang anh xam bang ham

CvtColor trong OpenCV ta c6 dugc hinh anh 3-4:
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Hinh 3-4. Anh xam sau khi dwoc chuyén doi
Thao tac tiép theo can thuc hién d6 1a loc nhiéu cho anh. Bé loc nhiéu
cho burc anh nay, dd 4n s& sir dung b0 loc lam mo Blur. La m6t phép loc lam

cho tron anh va khir nhiéu hat va 1a mot bo loc trung binh.
Trong OpenCV ham Blur dugc trinh bay nhu sau:

blur (src, dst, Size ksize, (-1, -1) , 4)
Trong do:

src la anh dau vao

dst 1a anh sau khi thue hién phép loc.

ksize 1a kich thudc ciia ma tran loc.

(-1, -1) 1a gia tri mac dinh cua ma tran loc

_ gia tri 4 1a gia tri mic dinh dugc dung dé udc luong va can chinh cac
diém anh néu phép loc chiing vuot ra khoi gii han ciia anh.

Sau khi thuc hién loc anh b@'mg ham Blur trong OpenCV ta duoc két

qua 1a buc anh da dugc lam mo:
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Hinh 3-5. Két qua ciia buéc 1am mo dnh
Phan ngudong
Tiép theo 1a thao tic chuyén qua anh nhi phan, hay con goi 13 phan
ngudng, birc anh sau khi duoc loc bang ham Blur ¢ thao tac trén s& dugc loai
b6 nhidu ¢ thao tac nay bang viéc chon mot mic ngudng phu hop. Muyc dich
ctia thao tac phan ngudng anh 1a dung dé phuc vu cho viée tach cac d6i tuong

clia cac thuat toan tiép theo.

Pé thuc hién viéc phan ngudng trong OpenCV ta s& st dung ham

threshold, trong OpenCV ham threshold dugc trinh bay nhu sau:
Threshold (src, dst, 40, 255, CV_THRESH_BINARY)
Trong do:
_ src la anh xam dau vao

_ dst 13 4anh dau ra

40 1a gié tr1 ngudng

255 1a gia tri duoc gan néu pixel gia tri 1on hon gia tri ngudng

- CV_THRESH_BINARY Ila loai phan ngudng
Tuy theo céc loai phan ngudng ma pixel dugc gan gié tri khac nhau:

_ THRESH BINARY: Néu gia tri pixel 16n hon ngudng thi gan bang

maxval. Nguoc lai bang gan bang 0
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_ THRESH BINARY INV: Néu gi4 tri pixel 16n hon ngudng thi gan
bang 0. Nguoc lai bang gan bang maxval

_ THRESH TRUNC: Néu gia tri pixel 16n hon ngudng thi gan gia tri
bang ngudng. Nguoc lai giir nguyén gia tri
Sau khi thuc hién phan ngudng bang ham threshold trong OpenCV ta

dugc két qua 13 birc anh dd duge phan ngudng nhu sau:

Hinh 3-6. Két qua ciia qua trinh phin nguéng
3.3.2 Buéc 2: Tach ddi twong
Hinh anh dugc sir dung 13 hinh anh cac dong xu chong 1ap mot phan Ién
nhau, néu tim bién va dém s6 bién tir hinh anh nhi phan thi két qua s& khong
chinh xac trong truong hop nay. Pé dém chinh xac dugc sd tuong dong xu
trong anh thi ta phai tach cac d6i twong trong hinh anh thanh cac d6i tuong

khong trung lap.

Pé thuc hién viée tach cac ddi twong trong anh thanh cac ving khong
trung 1ap, trong d6 an nay s& st dung thuat toan bién d6i khoang cach
(Distance transform) . Trong trudng hop ndy, véi mdi diém anh d6i tugng s&
dugc thay thé bang khoang cach ctia né t6i diém anh nén gan nhét. Nghia 1a
sau khi s dung thuat toan, céac diém anh & gﬁn tam dbi tuong s€ co gia tri cao
hon, con cac diém anh cang & gan bién s& co gia tri nho hon. Trong OpenCV

ham bién do1 khoang cach dugc trinh bay nhu sau:
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distanceTransform (bw, dist, CV_DIST L2, 3);

Sau khi thuc hién thuét toan bién doi khoang cach va thyc hi¢n chuan
hoa két qua vé khoang [0, 1], tac 1a nhiing diém sau khi thyc hién bién doi
khoang cach s& c6 mot thong sb gia tri, diém cang xa bién s& co gia tri cang
16n, diém cang gan bién s& c6 gia tri cang nho, gia tri nay nam trong khoang
[0, 1]

Hinh anh két qua sau khi bién d61 khoang cach va chuan hoa:

Hinh 3-7. Hinh anh sau khi sir dung ham bién ddi khoang cach
Pé hoan thanh viéc tach ddi tuong thanh cac vung roi rac ta s€ thuc

hién phan ngudng mot 1an nita di v4i anh da thuc hién phép bién do6i khoang

cach:

Hinh 3-8. Cac d6i twong da dwoc tach
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Sau khi cac dbi tuong da duogc tach thanh cac vung roi rac, viéc tiép
theo can lam d6 14 di tim bién cta chiing.

Pé thuc hién duoc viée tim bién cta cac dbi tuong chung ta s€ su dung
ham findContours. Trong OpenCV ham tim bién dugc trinh bay nhu sau:

findContours (dist_8u, contours, CV_RET_EXTRNAL,
CV_CHAIN_APPROX_SIMPLE) ;

Trong do:

_ dist_8u 13 hinh anh can tim bién.

_ Contours 14 bién luu trit cac dudng bién tim duoc, mdi duong bién duoc
luu trlt dud1 dang mot vecto cua cac diém.

~ CV_RET_EXTRNAL khi sir dyng ham nay thi ham s& chi ldy nhiing
duong bién bén ngoai, nhitng dudng bién bén trong cua dbi twong bi
loai bo.

- CV_CHAIN_APPROX_SIMPLE ham nay s€ c6 tac dung nén duong
vién trude khi luu trit, nén phan doan theo chiéu ngang, chiéu doc va
chéo.

Sau khi dém s bién bang ham findContours chiing ta s& c6 dugc s6
luong bién twong Gng véi sd d6i tuong. Dé biét c6 bao nhiéu dudng bién
tuong tmg véi dbi tuong duge tim ra ta sir dung cau 1énh sau trong OpenCv:

int ncomp = contours. size () ;

3.3.3 Xac dinh ranh giéi gitra cac ddi twong

O budc nay chung ta s& ap dung thuit toan watershed dé tim ranh gidi
gifra cac ddi tuong riéng biét. Pé thuc hién duoc thuét toan watershed viéc
dau tién chang ta phai 1am d6 14 tao anh marker. Anh marker 1a anh cho thuét

toan watershed biét dau 1a dbi twong dang xét va dau 1a dbi twong nén.

Trong OpenCV, thuat toan tao anh marker dugc trinh bay nhu sau:
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Mat markers = Mat zeros (dist. size () , CV_32SC1) ;
For (int i=0; i< ncomp; i++)
drawContours (marker, coutour, i, cv::Scalar::all (i+1) , -1) ;

Trong thuat toan tao danh marker phia trén c6 st dung mot vong 1ap for
nhiam muc dich truy cép dén timg dudng bién ctia ddi twong da duoc tim ra &
thuat toan findCoutours dé v& dudong vién bang ham drawContours cho né.
Céac duong vién nay s& dugc dung dé nhan biét d6 1a nhimg d6i tuong trén
manh marker.

Ngoai ra chiing ta ciing can phai v& marker nén dé thuat toan watershed
phan biét. Gia st ddi tuong dugc chi dinh & gitta anh thi chung ta can vé

marker gan canh birc anh.
Thuat toan v& marker nén duogc trinh bay nhu sau trong OpenCV:
Circle (markers, Point (5, 5) , 3, CV_RGB (255, 255, 255) , -1)
Sau khi da tao dugc anh marker ta thuc hién thuat toan watershed:
watershed (src, markers) ;

Budc tiép theo can thyc hién d6 1a tao mau ngau nhién cho cac doi

tugng:
Tao mau ngau nhién cho cac ddi tuong trong OpenCV:

vector<Vec3b> colors;
for (int 1 =0; i <ncomp; i++)

{

int b = theRNG () . uniform (0, 255) ;

int g = theRNG () . uniform (0, 255) ;

int r = heRNG () . uniform (0, 255) ;

colors. push_back (Vec3b ( (uchar) b, (uchar) g, (uchar) r) ) ;
by

Tao anh két qua:

Nguyén Pinh Phuc  CT1701



Phan doan anh dya trén thuat toan nd vung

Mat dst = cv::Mat::zeros (markers. size () , CV_8UC3) ;
Pién cac dbi tuong dugc gan nhin voi mau sic ngu nhién.

for (int 1 = 0; i < markers. rows; i++)

{
for (int j = 0; j < markers. cols; j++)
{
int index = markers. at<int> (i, j) ;
If (index > 0 && index <= ncomp)
dst. at<cv::Vec3b> (i, j) = colors[index-1];
else
dst. at<cv::Vec3b> (i, j) = cv::Vec3b (0, 0, 0) ;
¥
¥

Hinh 3-9. Hinh anh phéin doan bang thuit toan watershed
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Hinh 3-10. $6 lrgng déng xu dém dugc
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KET LUAN
Sau mdt thoi gian tim hiéu va nghién ctru dd &n, em da dat dugc mot sb

két qua sau:
_ Tim hiéu duoc cac hudng va cac phuong phap giai quyét bai toan tach
va dém ddi tuong trong anh.
_ Tim hiéu vé k¥ thuat phan doan dua vao thuat toan watershed va ung
dung vao tach dbi tuong chdng lap trong anh.
_ Tim hiéu duogc cach thire 1am viée cua mot sd thuét toan trong xu 1y
anh.
- Xay dung dugc mot chuong trinh 4p dung phép toan nd vung.
~ MO0 ta va giai thich dugc cac van dé co ban trong phan doan anh va tién
xur ly anh.
Do kién thirc con han hep va dé tai con qua moi mé ddi véi em lén
trong qua trinh thyc thi bdo cdo khong tranh khoi sai sot.
Em rat mong nhan dugc sy gop ¥ cia cac Thay, Co va cac ban dé co
thém kinh nghiém va kién thuc dé tiép tuc nghién ctru va hoan thién ndi dung

nghién ctru trong dé tai ndy.
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