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LO1 CAM ON!

Truéc hét em xin bay té 1ong biét on sdu sdc nhat téi PGS. TS. PO NANG TOAN
dd tdn tinh givp d& em rdt nhiéu trong suot quéa trinh tim hiéu nghién cizu va hoan thanh
béo céo tét nghiép.

Em xin chan thanh cdm on cdc thay cb trong bg mén tin hoc — friwrong DHDL Hadi
Phong ciing nhw cdc thdy c6 trong truong da trang bi cho em nhing kién thite co ban
can thiét d@é em c6 thé hoan thanh bao céo.

Xin giri 1oi cam on d@én ban bé nhitng ngieoi lubn bén em da déng vién va tao diéu
ki¢n thudn lgi cho em, tén finh gitip d& chi bao em nhiing gi em con thiéu s6t trong quéa
trinh 1am béo céo tét nghiép.

Cudi clng em xin bay té 10ng biét on sdu sdc téi nhitng nguwoi thin trong gia dinh
da gianh cho em sy quan tam dac biét va luén dong vién em.

Vi thoi gian c6 han, trinh d hiéu biét cua ban than con nhiéu han ché. Cho nén
trong dé an khong tranh khoi nhitng thiéu sét, em rat mong nhdn dwoc sy déng gdp ¥
kién cua tdt ca cac thdy cé gido ciing nhir cdc ban bé dé dé an cua em dwoc hoan thién

hon.

Em xin chan thanh cam on!/

Hai phong, ngay... thang...nam 2012

Sinh vién thyc hién

Bui Duy Manh
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Loi mé dau
Trong thuc té hinh dang thudng duoc chi trong hon kich thudc va con ngudi nhin
ra cac d6i twong xung quanh ciing chi yéu théng qua hinh dang. Chinh vi vy, biéu dién
hinh dang 1 mot vin dé quan trong va khong thé thiéu trong qué trinh nhén dang ddi

tugng. Trong xir Iy anh sb ta sir dung cac phép toan hinh thai dé giai quyét van dé nay.

Céc phép toan hinh thai khong nhiing quan trong trong linh viyc toan hoc ma con rat
quan trong trong linh vuc Cong Nghé Thong Tin noéi chung va xir 1y anh sd néi riéng:
gilp ta giai quyét cac bai toan nhu tim bién anh, loc nhiéu trén anh, cai thién chat luong
hinh anh, ndi cac nét dut trong vin ban da xudng cip va phat hién ddi tuong chuyén dong
va nhiéu cac ing dung céc nira.

Chinh vi vy em d lya chon dé tai “Tim hiéu bai toan phat hién xuong nho phép
toan hinh thai ”.

Muc tiéu ctia d6 an 1a phat hién xwong nhd phép toan hinh thai vao xtr Iy cac ddi
tuong trong hinh anh.

Ban dau em da tim doc c4c tai liéu va sach bao c6 ndi dung lién quan dén cac khai
niém trong dé tai, sau d6 dua ra phuong hudng, va rit ra két luan cho riéng minh dé thuc
hién dé tai. Bao cao d6 4n gom 44 trang, duoc chia lam 3 chuong:

Chuwong I. Khai quéat vé xir Iy anh va xwong anh: Chuong nay gom cé cac khai
niém ban dau vé xur ly anh sd, so d6 cua hé thong xa ly anh ,maot s6 van dé co ban caa xu
ly anh, Xxuong va phat hién xuong trong xtr ly anh

Chuwong II. Ky thuit phat hién xwong nho phép todn hinh thai: Chuong nay
gom co cac khai niém vé phép toan hinh thai, tir co ban dén nhitng khai niém nang cao va
mg dung trong thyc té. Toan bd chwong tap trung lam rd cac khai niém vé: Phép co nhi
phan, phép gidn nhi phan, mdt sb tinh chat ctia phép toan hinh thai . Cac ky thuat tim
xwong nho phép toan hinh thai phép trich bién, phép lam day, phép tach cac thanh phan
lién thong, phép bao 16, phép lam méanh va tim xuong.

Chuong III. Chuong trinh thir nghi¢m: Trén co s& 1y thuyét da tim hiéu em xay
dung chuong trinh xtr 1y anh str dung phép toan hinh thai: tim xuong cac ddi tugng trén
anh nhi phan.

Két Luén...
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Chwong 1: KHAI QUAT VE XU LY ANH VA XUONG ANH

1.1. Khai quéat vé xir Iy anh
1.1.1. Xir ly anh, so @b ciaa hé théng xir Iy anh

Con nguoi thu nhan thdng tin qua cac giac quan, trong d6 thi giac dong vai tro
quan trong nhat. Nhitng nim tré lai day véi su phat trién caa phan cirng may tinh, xir ly
anh va db hoa d6 phat trién mot cach manh mé va cé nhiéu eng dung trong cudc sdng. Xt
ly 4nh va do hoa déng mot vai trd quan trong trong twong tac ngudi may.

Quaé trinh x ly anh dugce xem nhu 13 qua trinh thao tac anh dau vao nham cho ra
két qua mong muébn. Két qua dau ra caa mot qua trinh xir Iy anh ¢ thé 1a mot anh “t6t
hon” hoac mét két luan.

Anh

— “Téthon”
XULY ANH

Két luin

Hinh 1.1. Qua trinh xi¥ Iy inh
Anh c6 thé xem 12 tap hop cac diém anh va mdi diém anh duoc xem nhu 1a dic
trung cuong do sang hay mot dau hiéu nao do tai mot vi tri ndo do6 cua déi tuong trong
khong gian va n6 c6 thé xem nhu mot ham n bién P(c,, C,,..., C,). Do d6, anh trong xir Iy

anh ¢6 thé xem nhu anh n chiéu.

So d6 tong quat cia mot hé thong xt 1y anh:

Hg quy#t dinh

m?snh&ﬂ o Tién xitly |y oo chon Hau Déi sinh rit
(Scanner, | g v L i T . =
Camers Sansor) dzcdiem = xir 1y " rakétluin

L]

=

Hinh 1.2. Cdc bwéc co bin trong mét hé thing xit Iv anh
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1.1.2. Mt s6 van dé co ban cia xir Iy anh
1.1.2.1 Mét s6 khai niém co ban
* Anh va diém anh:

Diém anh duoc xem nhu 1 dau hiéu hay cuong do sang tai 1 toa do
trong khéng gian cua d6i trong va anh dugce xem nhu 1a 1 tap hop céc
diém anh.

* Mc xdm, mau
L& sb cac gi tri c6 thé cd cua cac diém anh cua anh
1.1.2.2 Nan chinh bién dang

Anh thu nhan thuong bi bién dang do céc thiét bi quang hoc va dién ti.

T LI 1T 11

Pé khic phyc ngudi ta sir dung cac phép chiéu, cac phép chiéu thuong duoc xay
dung trén tap cac diém diéu khién.
Gia st (P;, P’)i=1,n c6 n céac tap diéu khién

Tim ham f: P; 0 f (P;) sao cho

2 fe)-F

Gia sir anh bi bién d6i chi bao gom: Tinh tién, quay, ty I¢, bién dang bac nhat tuyén tinh.
Khi d6 ham f c6 dang:

-

— min

f (X y) = (X + by + ¢p, aX + byy + ¢,)
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Ta co:

¢= y (f(Pi)-Pi) = i[(ﬂlx]. +by, +e, —x, ]1 +(f.':.1’1. +b,y, + ¢, —};'-)_.]
i=l

i=l

bé cho ¢ — min

R L

Zn,f +Zf)|x Vv +Zc-|x = z_r X
i [ R d i i
.'=|. j=|

|'=|. Il=|_

Fﬁ& n n . n M :
. =0 ) axy +) by +> ey, = yx
i=1 i=l i=1

ch, =

Ui} ] oy
=N
[l
-

(v

R

I_'EE R R ,
s =0 z.sr,xf +ZJ’;rl_vr +ne, = Z_rr
i=l i=1

LIELI[ i=1

Giai hé phuong trinh tuyén tinh tim duoc ay, by, ¢;
Tuong tu tim dugc a,, b, C;

= Xac dinh duoc ham f
1.1.2.3 Khir nhiéu

C6 2 loai nhiéu co ban trong qua trinh thu nhan anh

« Nhiéu hé théng: 1a nhidu c6 quy luat c6 thé khir bang cac phép bién doi

« Nhiéu ngau nhién: vét ban khong rd nguyén nhan — khic phuc bang cac
phép loc
1.1.2.4 Chinh mac xam:

Nham khac phuc tinh khong dong déu cua hé thong gay ra. Théng thuong co 2
huéng tiép can:

« Giam s6 mac xam: Thuc hién bang cach nhém cac mac xam gan nhau thanh
maot bo. Truong hop chi ¢6 2 muc xam thi chinh 1a chuyén vé anh den trang. Ung
dung: In anh mau ra may in den trang.

« Tang s6 muc xam: Thuc hién noi suy ra cac mic xam trung gian bang ky
thuat noi suy. K¥ thuat ndy nhiam ting cuong doé min cho anh
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1.1.2.5 Trich chon dic diém

Céc dic diém cua d6i twong duoc trich chon tuy theo muc dich nhan dang trong
qué trinh xt ly anh. Cé thé néu ra mét sb dic diém cua anh

sau day:
Dic diém khong gian: Phan bd muc xam, phan b xac suit, bién do, diém uén v.v..

Pic diém bién d6i: Cac dic diém loai nay duoc trich chon bang viéc thuc hién loc
viing (zonal filtering). Cac bo ving duoc goi 13 “mit na dic diém” (feature mask) thuong
la cac khe hep vai hinh dang khac nhau (chir nhat, tam giéc, cung tron v.v..)

Pic diém bién va duong bién: Pic trung cho dudng bién cua ddi tuong va do
vay rat hiru ich trong viéc trich tron céc thudc tinh bat bién duoc dung khi nhan dang
dbi twong. Cac dic diém nay co thé dugc trich chon nho toan tir gradient, toan tir la ban,
toan tur Laplace, toan tir “chéo khong” (zero crossing) v.v..

Viéc trich chon hiéu qua cac dic diém gilp cho viéc nhan dang cac dbi tuong anh
chinh xéc, voi toc d6 tinh toan cao va dung luong nhd luu trix giam xuéng.

1.1.2.6 Nhan dang

Nhan dang tu dong (automatic recognition), mé ta d6i tugng, phan loai va phan
nhom céc mau la nhitng van dé quan trong trong thi gidc may,duoc tng dung trong nhiéu
nganh khoa hoc khac nhau. Tuy nhién, mot cau hoi dit ra 1a: mau (pattern) la gi?
Watanabe, mot trong nhitng ngudi di dau trong linh vuc nay da dinh nghia: “Nguoc lai
vé6i hdn loan (chaos), mau 1a mét thuc thé (entity), duoc xac dinh mot cach ang ang
(vaguely defined) va c6 thé gan cho nd mét tén goi nao d6”. Vi du mau c6 thé 1a anh cia
van tay,anh cia mot vat nao d6 dugc chup, mot chit viét, khudén mit ngudi hoic mot ky
db tin hiéu tiéng noi. Khi biét mot mau nao do, dé nhan dang hoac phan loai mau do6 co
thé:

Hozc phan loai c6 mau (supervised classification), chang han phan tich phan biét
(discriminant analyis), trong d6 mau dau vao dugc dinh danh nhu mét thanh phan ciia mot
16p da xac dinh.

Hoic phan loai khong ¢ mau (unsupervised classification hay clustering) trong
d6 cac mau duoc gan vao cac 16p khac nhau dia trén mot tiéu chuan déng dang nao do.
Céc l6p nay cho dén thoi diém phan loai van chua biét hay chwa duoc dinh danh.

Hé thdng nhan dang tu dong bao gém ba khau twong ng véi ba giai doan chi yéu
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sau day:
1°. Thu nhan dit liéu va tién xt ly.
2°. Biéu dién dit liéu.
3°. Nhan dang, ra quyét dinh.
Bén cach tiép can khéc nhau trong ly thuyét nhan dang 1a:
1°. P6i sanh mau dura trén cac dic trung duoc trich chon.
2°. Phan loai théng ke.
3°. Bdi sénh cau tric.
4°, Phan loai dua trén mang no-ron nhan tao.
Trong cac ung dung rd rang la khdng thé chi dung c6 mot céach tiép can don 1¢é dé
phan loai “toi wu” do vay can sir dung cting mat lic nhiéu phuong phap va cach tiép can
khac nhau. Do vay, cac phuong thirc phan loai t6 hop hay duoc sir dung khi nhan dang va

nay da c6 nhirng két qua co trién vong dua trén thiét ké cac hé thng lai (hybrid system)
bao gom nhiéu mé hinh két hop.

Viéc giai quyét bai toan nhan dang trong nhitng ang dung mai, nay sinh trong
cudc séng khong chi tao ra nhirng thach thirc vé thuat giai, ma con dat ra nhiing yéu cau
vé téc do tinh toan. Pac diém chung cua tat ca nhitng tng dung d6 14 nhitng dic diém
dic trung can thiét thuong la nhiéu, khéng thé do chuyén gia dé xuat, ma phai dugc trich
chon dua trén céc thu tuc phan tich dir liéu.

1.1.2.7 Nén anh

Nham giam thiéu khong gian luu trit. Thudng dugc tién hanh theo ca hai cach
khuynh hudng la nén c6 bao toan va khong bao toan théng tin.Nén khong bao toan thi
thuong c6 kha nang nén cao hon nhung kha nang phuc héi thi kém hon. Trén co sé hai
khuynh huéng, c6 4 céch tiép can co ban trong nén anh:

« Nén anh thong ké: K¥ thuat nén nay dua vao viéc thong ké tan xuat xuat hién cua
gia tri cac diém anh, trén co s& d6 ma c6 chién lugc ma hoéa thich hop. Mot vi du dién
hinh cho ky thuat ma hoa nay la *.TIF

« Nén anh khong gian: K thuat nay dua vao vi tri khéng gian cua cac diém anh
dé tién hanh ma hoa. Ky thuat loi dung su gidng nhau cia cac diém anh trong céc ving gan
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nhau. Vi du cho ky thuat nay Ia ma nén *.PCX

« Nén anh st dung phép bién d6i: Pay 1a k¥ thuat tiép can theo huéng nén
khéng bao toan va do vay, k§ thuat thuéng nén hiéu qua hon. * JPG chinh 1a tiép can theo
k§ thuat nén nay.

« Nén anh Fractal: St dung tinh chat Fractal caa cac déi twong anh, thé hién sy
l3p lai cua cac chi tiét. Ky thuat nén sé tinh toan dé chi can lwu trit phan goc anh va quy
luat sinh ra anh theo nguyén ly Fractal

1.2. Xwong va phat hién xwong trong xir ly anh
1.2.1. Giéi Thigu

Xuwong duoc coi nhu hinh dang co ban cia mot déi tuong, véi s6 it cac diém anh
co ban. Ta co thé lay duoc cac thong tin vé hinh dang nguyén ban caa mot déi tuong théng
qua xuong.

Mot dinh nghia xtc tich vé xuong dua trén tinh continuum (tuong ty nhu hién
tugng chay dong o) duoc dua ra béi Blum (1976) nhu sau: Gia thiét rang ddi twong la
dong nhat duoc phu bai o kho va sau d6 dung 1én mot vong bién lira. Xwong dugc dinh
nghia nhu noi gap cua cac vét hra va tai do chiing duoc dap tat.

P R o e T

BELT Mgy 000

ly . -
X “)‘5\4‘ Js_‘--—..“a‘ !lh&
b)Anh xuong

Hinh 1.4. Vi du vé anh va xuong
Ky thuat tim xuwong luén 1a chu dé nghién cuu trong xtr Iy anh nhitng nam
gan day. Mac du c6 nhitng nd luc cho viéc phat trién cac thuat toan tim xuong,
nhung cac phuong phap duoc dua ra déu bi mat mét thdng tin. C6 thé chia thanh hai
loai thuat toan tim xuong co ban:
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* Céc thuat toan tim xuong dya trén lam manh
* Céc thuat toan tim xuong khong dua trén [am manh
1.2.2. Tim xwong dua trén lam manh

Thuat toan 1am manh anh sé nhi phan 1a mét trong cac thuat todn quan trong trong xir
ly anh va nhan dang. Xuong chira nhitng thdng tin bt bién vé cAu tric caa anh, gidp cho
qua trinh nhan dang hoac vecto hoa sau nay.

Thuat toan 1am manh 12 quéa trinh 13p duyét va kiém tra tit ca cac diém thudc doi
tugng. Trong mdi 1an 13p tat ca cac diém cua ddi tuong s& duoc kiém tra: néu nhu ching
thoa man diéu kién xoa nao do tuy thuoc vao mdi thuat toan thi no sé bi xoa di. Qua trinh
ctr 13p lai cho dén khi khéng con diém bién nao duge xod. Dbi twong duoc bdc dan 16p
bién cho dén khi nao bi thu manh lai chi con cac diém bién.

Cac thuat toan 1am manh duogc phan loai dya trén phuong phap xu ly
cac diém 1a thuat toan 1am manh song song va thuat toan 1am manh tuan tu.

Thuat toan 1am manh song song, 1a thuat todn ma trong d6 cac diém dugc xir ly
theo phuong phap song song, tirc 1a duoc xur ly cing mét luc. Gia tri cua mdi diém sau
mét lan Iap chi phy thudc vao gia tri cia cac lang giéng bén canh (thuong la 8-1ang
giéng) ma gia tri cua cac diém nay da dugc xac dinh trong 1an lap trudc d6. Trong may
c6 nhiéu bo vi xir Iy mdi vi xtr Iy s& xir Iy mot ving cua doi twong, nd c6 quyén doc tir
cac diém & ving khac nhung chi duoc ghi trén viing cua nd xi 1.

Trong thuat toan 1am manh tuan tu cac diém thudc dbi twong sé duoc kiém tra theo
mét thir tw nao d6 (chang han cac diém duoc xét tir trai qua phai, trén xudng dudi). Gia
tri cua diém sau mdi lan lap khong nhitng phu thudc vao gia tri caa céac lang giéng bén
canh ma con phu thudc vao cac diém di duge xét trude d6 trong chinh 1an lip dang xét.

Chat luong cua thuat toan 1am manh duoc danh gia theo céc tiéu chuan duoc liét
ké dué6i ddy nhung khong nhat thiét phai thoa man dong thoi tit ca céc tidu chuan.

« Bao toan tinh lién théng cia dbi tugng va phan bl cia ddi tuong
« Su tuong hop gitra xuong va cau trdc cua anh dbi twong

« B4o toan cac thanh phan lién thong

« Bao toan cac diém cut

« Xuong chi gém cac diém bién, cang manh cang tbt
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« Bén virng ddi véi nhiéu
« Xuong cho phép khoi phuc anh ban dau cta dbi tuong
« Xuong thu duoc & chinh gitra duwong nét cua déi trong duoc lam manh
« Xuong nhan dugc bat bién véi phép quay.
1.2.3. Tim xwong khong dua trén lam manh

Pé tach dugc xuong cua ddi tuong co thé sir dung dudng bién caa ddi tuong. Vi
diém p bat ky trén ddi twong, ta bao né bai mot duong bién. Néu nhu ¢6 nhiéu diém bién
c6 cung khoang cach ngin nhat tGi p thi p nam trén truc trung vi. Tap tat ca cac diém nhu
vay lap thanh truc trung vi hay xuong cta d6i tuong. Viéc xac dinh xwong duoc tién
hanh théng qua hai budac:

« Budc thir nhat, tinh khoang cach tir mdi diém anh cua ddi tuong dén diém bién
gan nhat. Nhu vay can phai tinh toan khoang céch t6i tat ca cac diém bién cuaa anh.

« Budc thu hai, khoang cach anh da dugc tinh toan va cac diém anh c6 gia tri 16n
nhat dugc xem 1a nam trén xwong cta ddi tuong.
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Chwong 2: KY THUAT PHAT HIEN XUONG NHO PHEP TOAN HINH THAI
2.1. Céc phép toan hinh thai va céc tinh chat

Hiéu mét cach day du thi “Morphology” 1a hinh thai hoc va cAu trac cua doi tuong,
hay né mé ta nhitng pham vi va cac mdi quan hé giita cac thanh phan trong mot doi
tuong. Hinh thai hoc qua quen thudc trong cac linh vuc ngdn ngit hoc va sinh hoc. Trong
ngdn ngit hoc, hinh thai hoc 14 su nghién ctru vé ciu trac cua tir, tip hop tir, cau... va dé
cling 12 mot linh vuc nghién ctu nhiéu nim nay. Con trong sinh hoc, hinh thai hoc lai chi
trong t61 hinh dang cia mot ca thé hon, chéng han c6 thé phan tich hinh dang ctia mot
chiéc 14 dé tir 46 co thé nhan dang dugc d6 1a loai ciy gi; nghién ctru hinh dang ctia mot
nhom vi khuan, dya trén cac dic diém nhin dang dé phan biét ching thuéc nhém vi
khuan ndo... Tuy theo trudng hop cu thé ma co cach phén 16p phu hop véi no: Co thé
phan 16p dua trén nhimg hinh dang cua mat cat nhu (Elip, tron...), kiéu va muc do cua
nhitng hinh dang bét quy tic (16, 16m, ...), nhiing cau tric trong (15, duong thang, duong
cong, ...) ma da dugc tich iy qua nhleu nam quan sat.

Tinh khoa hoc ctia Hinh thai hoc s6 méi chi thuc su phat huy kha ning cta né ké tir
khi may tinh dién tir s6 ra doi va lam cho hinh thai hoc tré 1én thong dung, c6 nhiéu tinh
nang mdi. Nhirng d01 tuong trong Hinh thai hoc ta c6 thé coi nhu 1a tap hop cia cac diém
anh, nhom lai theo cdu tric ma tran hai triéu. Nhitng thao tic toan hoc roi rac trén tap hop
diém d6 duoc sir dung dé 1am rd nhirng nét dic trung riéng cta hinh dang ddi twong, do
vay c6 thé tinh toan dugc hay nhan biét dugc chung mot cach dé dang. Phan 16n cac phép
toan hinh thai hoc dugc dinh nghia tir hai phép todn co ban la phép toan co nhi phan
(Erosion) va phép toan gian nhi phan (Dilation) .

Phép toan co s& dugc két hop vi mot d6i tuong 13 tiéu chuan cia cac phép toan tap
hop nhu phép hop (Union), Phép giao (InterSection), va phép bu (Complement) cong voi
phép tinh tién ndao d6. Vi vdy trong phan tiép theo s& trinh bay cac khai niém vé tap hop
thuong duoc st dung trong phép todn hinh thai.

2.1.1. Khai niém co ban

Ta da dinh nghia anh nhi phéan 13 tap hop cac diém anh c6 toa do a(x,y). Chung ta
con c6 dinh nghia khac vé anh, theo quan sat thi c6 thé xem anh nhu tap hop cac toa do
ro1 rac hoac lién tuc.

Theo mot dinh nghia nao d6 thi, tp hop nay tuwong ung véi cac diém anh thudc vé
cac doi tugng hién hiru trong anh.
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e

Hinh 2.1: Anh va déi twong trong anh.

Hinh vé& cho thay hai d6i tuong, hay hai tap hop A va B trong anh. O ddy ta can phai
xac dinh hé tryc toa do nhu trong hinh, quan tdm dén gia tri cac di€ém anh cau thanh 1én
doi twong trong anh va dugc gidi han trén khong gian rdi rac Z2.

Pau tién, ta c6 A 1a mot tap hop trong khong gian roi rac Z2. Néu a = (ay, a,) 1a mot
phan tir ctia tdp hop A thi ta c6 thé viét nhu sau:

acA (0.1)
Nhu thé, néu a khong phai 1a mot phan tir ciia tap hop A thi ta viét:
agA (0.2

_Tap hop ma khong co phan tir goi 12 tp hop rdng hoic tap hop tréng va dugc biéu
thi bang ky tu &.

Tap hop A dugc xac dinh boi ndi dung nam trong 2 dau ngodc nhon e .
Céc phan tir ctia tap hop co lién quan dén & trong chuong niy 1a nhiing toa do cua

cac pixel dai dién cho doi tuong hoac cac dac trung khac dugc quan tdm trong mét hinh
anh.

Thi du, khi ta viét mot cong thuc:
C= w|w=-d,deD (0.3)
Tap hop C 14 tap hop gém cac phan tir w, nhu vay W duoc hinh thanh khi nhan timg
toa do cua cac phan tir trong tap hop D voi -1.
Néu mdi phan tir ciia tip hop A ciing 1a mot phan tir trong tap hop B thi ta c6 thé néi
Ala tap con cua B, va dugc bicu thi nhu sau:
AcB, (0.4)

Hop (Union) cua hai tp hop A va B 1a tap hop cua céc phan tir thuoc A, B hodc ca A
va B, dugc biéu thi nhu sau:
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C=AuB, (0.5)

Nhu vay giao (Intersection) cua hai tap hop A va B 14 tap hop cac phan tir thudc ca
A va B, dugc biéu thi nhu sau:

D=AnB, (0.6)

Hai tap hop A va B tr¢ thanh phan chia (Disjoint) hodc loai trir 1an nhau ( Mutually
exclusive) néu ching c6 chung cac phan tur, nhu trong truong hop sau:

AnB=o, (0.7)

ANnB a)

il

AC A-B

Hinh 2.2: Quan h¢ giira hai tap hop
a) Giao gitta tap hop A va tap hop B; b) Hop giita tip hop A va tap hop B; ¢) Phan bu
tuyét ddi ciia A; d) Phan bu twong dm cua tap hop A trong tap hop B ( Phep trir hai tap
hop A va B).
‘ Phan bu tuyét d6i (complement) ctia mot tap hop A 1a tap hop cac phan tir khong
bao gom cac phan tir trong A:

A= wweA ,  (0.8)

Phan bu twong déi (difference) clia tap hop A trong tap hop B duoc biéu thi 1a A -
B nhu trong biéu thure sau:
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A-B= wjweAwgB =ANB, (0.9)

Vé6i w 13 tap hop cac phan tir thudce tap hop A nhung khong thude tap hop B, khai
niém nay duwoc minh hoa trén Hinh 2.2(d). Phin c¢6 mau 13 két qua cta phép toan giita hai
tap hop.

Sau day la hai dinh nghia can bd sung vi n6 dugce str dung rong rai trong phép toan
hinh thai, nhung néi chung 13 van chua tim duoc céi can ban trén thuyét tap hop.

7 Phan xa (reflection) cua tap hop B duogc biéu thi 1a B, va duoc dinh nghia bé’mg
bi€u thirc sau:

B= w|w=-b,beB , (0.10)

Nghia 12 phan tir w dugc hinh thanh khi nhan timg toa do cua tap hop B véi -1 khi
d6 vi tri twong d6i giita cac diém trong tap hop B c¢6 xu hudng d6i nguoc lai so véi ban
dau, goi 1a tinh phan xa cta tap hop. Hay néi cach khac tap hop B s& quay quanh gbc toa
do mot goc 180°,

Mot diém z(z1,2,) thudc tap hop A, khi z tinh tién thi phép tinh tién cia tap hop A
dugc biéu thila A _» va dugc dinh nghia bﬁng biéu thuc sau:

A = c|c=a+z,aeA, (0.11)

Khi mét diém z c6 toa dd z(z1,2,) hinh thanh trong tip hop A tinh tién mot luong 1a
z thi tap hop A ciing tinh tién theo hudng cua diém z v6i mot luong twong duong. Hinh
2.3 cho thiy hai dinh nghia trén va sir dung hai tdp hop A va B & Hinh 2.3, chim mau den
trén hinh v& 1a dé biéu thi phan xa cua tap hop B va sy tinh tién cua 1 diém tur tap hop
A.(Some basic concept from set theory/ Digital image processing Second Edition, tr
520~521)

(A),

A

a) b)
Hinh 2.3: Phép bién doi ciia tap hop
a) Tinh tién cua tap hop A tor mot diém z; b) Phan xa cua tap hop B.

Luu y: Nhitng phan tir riéng 1¢ hop thanh B khong chi c¢6 cac diém anh ma con co
cac vector khi chung c6 vi tri toa d¢ xac dinh véi dieém goe [0,0].
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Bang 2.1: Ba phép toan logic co ban:

P | d P Aq pvq —P
0| 0 0 0 1
0| 1 0 1 1
110 0 1 0
1|1 1 1 0

2.1.1.1. Phép gian nhi phan (Dilation)

Tap hop B thuong thi dugc coi nhu 1a mot phan tir ciu tric(structuring element)
trong gidn nhi phan, cling nhu trong cac phép todn hinh thai khac, tap hop A 1a tap hop

cac phan tu cua hinh anh goc.

Vi A va B 1a cac tap hop trong Z?, thi phép gidn nhi phan cta A theo B (A®B)
dugc dinh nghia qua cong thue sau:

A@B:{u(élmm@}, (0.12)

Nhu vay phép gidn nhi phan ciia tip hop A béi phan tir cdu trac B 1a tip hop cia
tat ca cac diém z (z 1a tdm diém cua phan tir cau trac B trén tap hop A) sao cho phan xa
ctia B, giao v6i tip A tai it nhat mot diém. Hay noi cach khéac, phép gian nhi phan 1a su
chdng chéo tir it nhat mot phan tir tir phan xa clia phan tir cau tric B véi tp hop A. Pong
thdi cac phan tir nay phai 13 tap con cua tap hop A.

Cong thirc (1.12) ¢6 thé duge viét lai :

A@Bz{ﬂKélﬁA}gA} , (0.13)

Phép gidn nhi phan cta tap hop A bai tap hop B 14 ton tai cac diém w thudc Z? sao
cho w 1a tong cua hai diém tuong tng bat ky thudc tap hop A va tap hop B, dinh nghia
nay dugc mo ta qua cong thic :
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A®B= weZ’|w=a+b,acAbeB , (0.14)

Téng quat hon, néu A 13 mot hinh anh va B 1a phan tir cdu trac c6 tim diém nam
trén hinh anh A, khi d6 phép gidn cta hinh anh A béi phan tir cau trac B c6 thé dugc hiéu
nhu quy tich cta cac diém dugc phu bai phan tir cdu trac B khi tAm diém cta B di chuyén
trén canh cua hinh anh A.

T --—'—-—-—1---_@8
i |
Lo i |
Iy I
1 1 1 -TTA " | 1
1 1 1 1 \ i |
S s N -
_____ N dr4’ L____._________i____
! ! ! ] w8
a) | : <— £
d d/8 d/8
/4
A d
d [FEET e
_____ I 1 1 1 I —®/4
b) ;/ \: o
d

s d d/s;
Hinh 2.1: Phép giiin nhi phan.

Hinh 2.6a gom:

+ Tap hop A c6 hai canh bén kich thudce 1a d.

+ Phan tir cdu trac vudng B kich thudc d/4, truong hop nay thi phan tir ciu tric B
va tuong phan cia n6 bang nhau vi B ¢6 tap hop cac phan tir d6i xrng nhau qua tim diém

(d4u chdm den ¢ giita).

+ Cuobi cung 1a két qua ctia phép gidn nhi phan giita tip hop A va phan tir cdu tric
B.
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Hinh 2.6b ciing gdm nhiing thanh phan tuong ty nhung véi phan tir cau tric B 13
hinh chit nhat, nhung cho ta mot két khac. Nhu vay, moi kiéu phén tr cAu trac khac nhau

s& cho ta mot két qua khac nhau, sau khi thuat toan dugc thi hanh.
T d6 ta c6 cong thuc:

A®B=JA (0.15)

beB

Dé thyc té hoa nhitng 1y thuyét d3 néu trén, ta coi nhitng phan tir cau tric nhu mot
mau san va dich chuyén tinh tién trén bé mat hinh anh. Khi gbc ctia phan tir cu tric
(chdm den ¢ tam diém) kh6p vé6i diém anh tai canh cta hinh anh thi cac diém anh tuong
g véi v6i gbe nay s& dugce danh déu va thay thé. Sau khi toan bo diém anh da duoc
quét qua boi phan tir cu tric thi, thao tac gidn hinh anh duoc hoan tat.

Mot vi du vé phép gidn trén mot hinh anh nhi phan sir dung phéan tir ciu triic dang

ma tran vudng 3x3 nhu sau:

1

Hinh 2.2: Qua trinh quét ctia phan tir cdu triic trén hinh dnh nhi phan.

O vi du trén ta cac diém anh mau trang mang gié tri 1a 1 13 cac diém thudc ddi
tugng dang can quan tdm trén anh, va phan mau den mang gia tri 0 12 phan nam ngoai d6i
tuong. Khi thuat toan dugc thi hanh thi phﬁn ttr cAu tric s& 1an luot quét qua cac diém anh
ngoai ciing( i theo duong ké mau do trén hinh v& ) ciia ddi tugng sau d6 thay thé cac
diém anh trén d6i twong ndy theo mau phan tir ciu trac. Tir d6 ta mg dung dé ndi cac nét
bi dut giy cua doan van do qua trinh xudng cap, v6i khoang cach 16n nhat cia cac nét bi
dut giy tim hai diém anh.
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2.1.1.2. Phép co nhi phan (Erosion)

Ta ciing xét tAp hop A va tap hop B (Phan tir cAu trac) trong Z2, thi phép co nhi
phan ctia tap hop A bai phan tir cau tric B dugc ki hiéu AGB va viét dudi dang cong thirc

nhu sau:
ACB = z| B, cA, (0.16)
V61 B,= b+z,beB , (0.17)

Phép co nhi phin cua tap hop A béi phan tir cau trac B 13 tap hop cac diém z (z ndm

¢ tam diém cua phan tir cau trac B) sao cho B, 1a tap con cua A.

Xét hinh vé sau:

Hwong
d| fodooii
! F L — S
! ! d/8  3d/4 d?8
d 1
Vo[ <> . .
. . d/4 i )
! ! e Sm—
' ! d/s d/8
d

Hinh 2.3: Phép co nhi phén trén hai ddi twong.

Hinh 2.8a gdm:

+ Tép hop A c6 hai canh bén kich thudce 1a d.

+ Phan ttr cdu trac vudng B kich thudc d/4(Dau cham den ¢ giita 1a tAm diém).

+ Cubi cung 1a két qua ctia phép co nhj phan giira tap hop A va phan tir cdu trac B.
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Phan ¢6 mau nhat hon 1a két qua sau khi thyc hién co hinh anh boi phﬁn tr cAu
tric B. Hinh 2.8b gom nhiing thanh phan twong ty nhung véi phan tir cdu tric B 14 hinh

chit nhat, va cho ta mot két qua khac.

Vay phép co nhi phan ctia anh A véi phan tir cdu trac B 1a quy tich cac diém duoc

tao ra boi tam diém cua ph?m ttr cAu trac B khi tinh tién trén hinh anh A.
Tur d6 ta co cong thirc:

AOB=NA,, (0.18)

beB

Phép co nhi phan va gidn nhi phéan ¢ thé duoc véi nhau qua phép bu va phép phan
xa cua tap hop, ludn 1y nay sé dugc minh hoa qua cong thirc sau:

(ASB)=A°® B, (0.19)
Ta ching minh cong thirc trén 1a dung:
Twr cong thirc co nhi phan ta co:

(AGB)'= z| B cA " (0.20)

Néu tap hop B, 1a tap con tap hop A thi ta c6, B, A°=@, cho nén, trong truong
hop nay ta sé co:

(AGB)= z| B nA" =@ °, (0.21)
Vi phan bu ctia phép gidn nhi phan giita tap hop A va tap hop B ludn théa man:
(B,nA=2)°'=B, nA°~ &
cho nén:
(AGB)= z| B NnA° %D

Mait khac theo cong thure 1.12 ta co:

A@B:{u(élmmﬁ@}

Suy ra: (AGB)’= A°@® B, [ |.+
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Nhu vay, phan bu ctia phép co nhi phan giita tap hop A va Phan tir cau trac B 12
phép gidn nhi phéan giira phan bu cta tap hop A v6i phan xa ctia phan tir ciu tric B.

Mot tmg dung quan trong cua phép co nhi phan 1a dung dé loai trir cac chi tiét
khong can thiét trén hinh anh. Thi dy, Trén mot hinh anh , ta c6 cac ddi tuong c6 co
tuong tng 1,4,6 va 11 diém anh, Bay gio néu mudn loai trir cac d6i twong nho khong can
thiét trén anh, chi dé lai cac d6i twong co kich thudc 16n, nhu trong hinh vé ddi tugng ta
can gitt lai 1 nhitng ddi tuong c6 kich thude 11 diém anh. Ta s& st dung phan tir cdu trac
c6 kich thude 10x10 diém anh dé thyc hién phép co nhi phéan ( Erosion ). Két qua sé chi
con lai 3 d6i tuong co kich thudc 1 diém anh(Hinh 2.9b). Sau d6 dé cac dbi tuong trd lai
kich thudc ban dau ta sir dung phép gidn nhi phan( Dilation ) véi phan tir cau tric co kich
co tuong tng (Hinh 2.9c¢).

o ]
. SO

o Cla, O]

a) b) c)

Hinh 2.4: Qua trinh lgc d6i twong sir dung phép co nhi phan va phép giin nhi phan.

Qua trinh thuc hién co thé duoc minh hoa 15 rang qua hinh v€ sau:

O | " "
o o “\\
o DD \\
m}
a & U
S |
O DDD ° !l
a
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Hinh 2.5: Ung dung ciia phép co anh dwéi dang s6 nhi phan.
a) Hinh anh ban dau; b) Hinh anh qua trinh co nhj phan trén ddi twong véi phan tir
cau trac 10x10, phén tor dugc t6 dam mau s€ co gia tri 1 sau qua trinh co nhi phan; c)
Phéng to d6i twong va gia tri ciia di tugng sau qua trinh co nhi phan véi phan tir cau tric
10x10.
2.1.2.M6t s6 tinh chat ciia phép toan hinh thai

Pé thuan tién trong viéc cai dit ta c6 thé phan tich va don gian hoa cac mau phuc
tap, dudi day 1a mot sb tinh chat co sé cua phép toan hinh thai.

2.1.2.1. Cic ménh dé
-Ménh dé 1: Tinh chat gia ting

a) XcX'=>XOBcX' OB, VB
X®Bc X'®B, VB
b) BcB'=XO6BoX'OB, VX
X®Bc= X @B, VX

-Ménh @& 2: Tinh chit phan phdi v6i phép U

a) X@®(BuUB)=(X®B)u(X®&B)),

b) X © BUB' =(X ©B)u(X ©B'),

- Ménh dé 3: Tinh chat phan phdi voi phép giao
(XnY)eB=(X©B)n (Y ©B),

- Ménh dé 4: Tinh chat két hop

a) (XeB)®B' =X®((B®B),
b) (X ©B)©B'=X ©(B®B'),
2.1.2.2. Dinh ly

Gia str, X 12 mot ddi tuwong trong anh, B 13 phan tir cAu trac, khi d6 X s& bi chin trén
va chdn dudi boi tap close cua X theo B.

Tacd, (X®B) ©Bo X (X ©B)® B,
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Chtng minh,

Ta co: Vxe X = B, c X ®B, (Vi x@B=|JB,)

xeX
= x e (X ®B) ©B (Theo dinh nghia cia phép co),
=(X®B)©SB o X, (0.22)
Mat khéc, Vye(X ©B)® B,

Suy ra: dxe X ©B sao cho, yeB, (Vi(xeB)®B= (] B,)

xeX[) B
=B, eX=yeX,

Suy ra: X 2(X©B)®B, (0.23)

Tu (1.22) va (1.23) ta co:

(X®B)OB oX o(X ©6B)®B,[ ]

2.1.2.3. H¢ qud
Tinh Bt bién:
a) ((X@B)©B)®B=(X ®B),
b) ((X©B)®B)©B=(X ©B),

That vay, ti dinh 1y trén ta c6: X (X ®B)©B,
Do d6, theo tinh chit gia ting ta c6:
=>X@®Bc(X®B)©B)®B, (0.24)
Mat khac cling theo dinh 1y trén ta c6: (X ©B)@®B < X VX
=(X©B)®B)©B <X ©B, (0.25)
Tur (1.24) va (1.25) ta co:
—(X®B)©B)®B=X®B.[ ]
Va (x ©B)®B)©B=X 6B [ |

(Phdt trién ky thudt do bién, phat hién bién va g dung/Tr. 15)
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2.2. K¥ thuit tim xwong nho phép toan hinh thai
2.2.1. Trich bién ( Boundary Extraction )

V6i anh dau vao 1 anh xam, thi ta c6 thé xir Iy phan doan anh bang cac ngudng cua
anh. Trong hinh anh mdi diém anh c6 gia tri xam riéng, gia tri ndy duoc gidi han trong
khoan 0 t&i 255. Vi vy ta c6 thé thong qua lwge d6 mau dé lya chon cac muc xam thich
hop. Khi chuyén sang anh nhi phan cac diém anh c6 gia tri lon hon ngudng nay déu duoc
gan 13 255 hoic néu khong thi s& dugc gan 13 0. nguoc lai nhitng diém anh nao co gia tri
nam trong ngudng déu duoc dit 13 1, nhitng diém anh nay 1a diém anh cau thanh d6i
tuong trong anh nhi phan.

Trong anh nhi phan, d6i twong dugc cau thanh bai cac diém anh lién thong co gia tri
1a 1, Xét mot thi du ¢ hinh 2.16 ¢6 9 diém anh doc, 9 diém anh ngang. Nhitng diém anh
tao 1én bién 13 nhirg diém anh thudc dbi tuong d6 nhung trong 8 diém lan can phai co it
nhat mot diém anh c6 gia tri 13 0.

Bién ciia tap hop A phu thudc vao kich thudc cia phan tir cau trac. Do day cia
duong vién bao quanh d6i twong phu thudc vao kich thude ctia phan tir cau tric. Cho 1
thi dy, néu mot phan tir cau tric ¢ kich thudc 3x3 sinh ra d6 day duong vién 1a 1 thi voi
phan tir cdu tric co kich thudc 5x5 s& sinh ra duong vién cta doi tugng c6 do day 1a 3.

Khi do6, bién cua tap hop A, ky hi¢u 1a 6A, dugc xac dinh boi cong thirc:

oA=A—(AOB), (1.33)
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Hinh 2.6: Qua trinh tim bién ciia d6i twong trén anh nhi phan.
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2.2.2. Lam day (Region Filling)

Lam day vung cua mot di tugng tir bién 13 bd xung gid tri 1 vao toan bd ving &
phia bén trong bién cua ddi twong. Cho mét anh nhi phan A, cic diém anh & bién cua d6i
tugng trong hinh anh A ¢6 gid tri [a 1 va cac diém anh khac c6 gia tri 1a 0. Ta bat dau qua
trinh 1am d4y bang cach gan gié tri 1 vao diém anh p & bén trong bién cua dbi tuong, sau
d6 1ap di 1ap lai phép gidn nhi phan giira diém anh v6i phan tir cdu trac B dudi giéi han
dit ra boi phép bu cua tap hop A (A%). Bai vi néu han ché khong duge dat thi chuong
trinh s& lip di lip lai phép gan ndy, dan téi say ra hién tuong tran qua cac cung khac trén

anh, tham chi toan b0 anh.
Vi Xo=p va B 12 phan tir cau tric, phép 1am day ving trong anh s& duoc xéac dinh
boi cong thirc:
Xi=(Xx.1@B) A", Véi k=1,2,3,...k-1. (1.34)
Thuat toan sé dung khi X =Xy;.

Thi dy, & hinh 2.17, A 1 anh ban dau chi chira bién ctia ddi twong ( gid trila 1), B
1a phan tir cdu trac c6 kich thude 3x3 va hinh dang chit thap.

Khi d6 thuat toan s& thuc hién 1an lugt theo trinh tu nhu sau:
Budc 1: Thuat toan s& gan gia tri 1 cho mot diém anh p bén trong ving bién.

Budc 2: Ap dung phép gidin nhi phan tir diém anh p v6i phan tir cdu trac B, dong
thoi ldy giao cua két qua phép gidn v6i phan bu cua tap hop A. Nhu vy, sau khi 13y giao
ctia hai tip hop thi phan ndo c6 gia tri 13 1 twong xtng véi gia tri 1 ctia phan bu tip hop
A thi dugc giir nguyén, phan nao co gia tri 1 tuong xtng voi gia tri 0 cia phan bu tap hop
A thi s€ dugc gan 1a 0. Qua trinh nay s€ duoc lap di lap lai cho dén khi tt ca cac diém
anh tuong tng bén trong bién cua ddi tuong dugc gan 1a 1.

Budc 3: Cudi cung 1ay hop giita X7 va bién A ta s& duoc ddi twong di dugc lam day
tir bién vung trong anh (Hinh 2.17).
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bang cach gan mot diém anh & trong d6i tuong roi tir diém anh do, lap di lap lai phép gidn
nhi phan véi phan tir cau trac dudi han ché dit ra boi tap hop A.
Vi Xo=p va B 12 phan tir ciu tric. Khi d6 phép tach cac thanh phén lién théng duoc

xac dinh béi cong thurc:

Xe= (X, , ®B)NA, k=1,2,3... (1.35)
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Hinh 2.8: Qua trinh tich cic thanh phan lién thong trong anh bang phép toan hinh
thai.
2.2.4. Bao Loi (Convex Hull)

Ta c6 thé hinh dung bao 16i ctia mot dbi tuong gidong nhuw mot dai bang cao su bao
quanh ddi tuong. Vi thé dai bang cao su nay duoc cing qua cac phan 16m theo cac vién
16i cua ddi tuong. Két qua la tao ra mét hinh dang ddi tuong khong c¢6 doan nao bi 1om.
Bao 16i ¢ thé duoc bién ddi boi phép toan Hit-or-Miss voi 4 phan tir cdu tric luan phién
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quay 90°. Cho A 12 mdt anh nhi phan va phan tir ciu triic B' voi i=1,2,3,4, khi d6 ta c6 4
phan tir cdu trac twong Gng nhu sau:

Bl BZZ BSZ , B4:

Il
—_ = =
X © X
X X X
X X =
X O =
X X =
X X X
X o X
—_ =
— X X
— O X

X
X 7
1
(1.36)
Trong cac phan tir cdu triic trén nhitg phan tir duge danh diu X 13 nhitng phan tir
khong can quan tam. Pau tién cho X, = A, sau do 1ap di lap lai thuat toan theo cong thirc

sau:

X! =(Xs*B)UA, i=1,234vak=1273...k-1 (1.37)

Khi X! = X!, tic la ching dong quy (converge) thi qua trinh xir y dirng lai va dat
D' = X!, , Khi d6 bao 16i cia A s& la:

C(A) =L4JD‘ : (1.38)

N6i cach khac, thuat toan s& thuc hién phép bién doi Hit-or-Miss giita tap hop A véi
phan tir cdu tric B! trén toan bo dbi tugng cho dén khi dbi tugng khong c6 gi thay doi
nita thi ding lai va diat D' = X! . sau d6 hop tap hop A voi két qua D', qua trinh nay s&

conv ?

duoc thue hién 1an luot véi B2,B*,B*. Cudi ciing hop cua 4 tip D' cho ta bao 16i cua A.

Xét thi du trong mot chu trinh xtr 1y anh str dung phép bao 16i (Hinh 2.19). Vi tap
hop A 12 tip hop cac phan tir tao 1én mot ddi twong trong anh, A° 13 phan bu cua tip hop
A. B 13 phan tir cdu trac gdm c6 By, va B,.
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Hinh 2.9: Mt qua trinh trong phép bao 10i.
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Thi dy trén cho thdy mot chu trinh trong qua trinh thyc hién phép bao 16i ddi véi d6i
tugng trong anh. Qua trinh nay s& duoc 1ap di 1ap lai 1an lwgt v6i cac phan tir cu tric
khac nhau (1.37). Khi thuat toan két thuc, tit ca cac chd bi 1dm hay thiéu hut chi tiét s&
duoc lam ddy. Xét mot thi du tong quat tir thi du trong hinh 2.19, v6i D' = X1, D? =
X2,D% = X3 vaD* =X}

111 111 111
S8 s B O O 11111 <S8 e O O O
T3 111 T(11 )11 (1 11111 111
I R i I 5 ! B kY I 5l | I kY i Y S5 ] !
3] Y 2 ] i 11111 111111
111 111 111
1 1 1
Xi=A X X
1 1
11 Al 1111
S e O O B 11111 S8 e B o ]
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3] M 2 ] i 11111 7] 0 2 ]
1 111 111
1 1 1
x3 X3 c(4)

Hinh 2.10: Phép bao 16i d6i véi dbi twgng trong anh.

2.2.5. Lam manh(Thinning)

Thuat toan lam manh thudng bao gom nhiéu 1an lap, mdi 1an lap tat ca cac diém anh
cta doi tuong s€ dugc kiém tra, Céc phﬁn tr cdu trac dugc thiét ké dé tim cac diém bién
ma khi loai bé diém anh trén ddi twong thi s& khong 1am anh hudng toi cac lién thong.
Néu diém anh nao ma théa man diéu kién ctia phén tir cau tric thi s& bi loai bo. Qua trinh

nay ctr lap di 1ap lai cho téi khi khéng con diém bién nao dugc x6a nita.

Lam manh tap hop A bai phan tir cau tric B, ky kiéu A ® B, xéac dinh bai cong thirc
sau:
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AQXQB=A—-(As*B)
=An(As*B)¢, (139

Dé c6 thé 1am méanh mot doi tuong A mdt cach hi€u qua hon, ta dua vao day cac
phan tir céu truc.
{B} = {B', B%,..,B™"}, (1.40)
Trong d6 B! Nhan duoc tir BI™1, qua phép quay quanh tdm diém ctia nd. Véi khai
niém nay ta dinh nghia phép 1am méanh béi mot diy cac phan tir ciu triic theo cong thc.
A®{B}=((..((A® BH) ®B?)..) ® B™), (141)
Noi cach khac, qua trinh 1am méanh A bsi B, két qua lai tiép tuc duoc duoc lam

manh boi B2 cho dén B™. Lic nay dbi twong trong anh hau nhu khong thay doi nira.

Xét thi du qu4 trinh 1am manh (Hinh 2.21). Qua trinh 1am manh d4i tuong s& dugc
lap di lap lai cho dén khi d6i twong khong ¢ su thay d6i ndo thi ding lai .

0 0 0] x 0 0] 1 x 0] (1 1 x|
B'=|x 1 x|, B =|1 1 , B =1 0|, B'= 1 ,
11 1] 1 0 x 0
11 1] 0 1 0 0
B°=|x 1 x|, B B =0 1, B*=|0 1
0 0 0] 0 1 % 1

Theo cong thirc tong quét ta co:

A®{B}=(((A® B) ® B?) ..) ® B%),

Nhu vay, Trong thi du nay qua trinh 1am méanh duoc lap di lap lai 2 lugt. Trong moi

lan 1ap d6i twong phai trai qua qué trinh 1am manh véi 8 phan tir cau tric:

B',B% B3, ..., B®.
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Lam manh lwot thi hai

Qua trinh 1am méanh d6i twgng trong hinh anh.

.
.

Hinh 2.11

2.2.6. Tim khung xwong (Skeletonization)
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Xét A 1a mot anh nhi phan bao gém cac diém anh thudc ddi twong, dugc dit nhan 1a
céc s6 1. Cac diém anh khong thugc ddi tuong dugc ddt nhan la cac s60.B 1a phﬁn tr cAu
trac 3x3. Khi d6, néu ky hiéu S(A) 1a khung xwong cua tap hop A thi thuat toan tim
khung xuong dugc xac dinh qua cong thire:

S(A) = Ug=o Sk (4), (1.42)

Trong d6: S (A) = U {(A©kB) —[(A© kB )°B]}, (1.43)

(A © kB) la phép co k 1an lién tiép trén A. Tic 1a:
(A©kB)=((..(A©B)...©6B....OB

Va K 1a Budce lap cudi cung trude khi A bi n mon thanh tap réng. Noi cach khac:
K= max{k| (A © kB)+ ¢}

Cong thirc (1.42) va (1.43) khang dinh rang khung xuong S(A) c¢6 thé nhan duoc tir
hop cac bo khung xuwong con Si(A). C6 thé ching minh rang A c6 thé xay dung lai tir cac

tap con nay bang cach sir dung cong thirc:
A=UK_,(5:A @ kB), (1.44)
Trong d6 (S,A @ kB) ky hiéu k 1an gidn nhi phan S(A), tic la:
(SxA @ kB)=((..(Sx(A) ®B)...) ®B ....® B.

Xét thi du:
o |1 1 1 1 (1 1 1 o o|lo|jo|o|Oo|O|O|O|O o|lo|o|o|o|OoO|O|O|O
o |1 1 1 1 (1 1 1 o o|0 |1 1 1 1 1|01|0 o|lo|o|o|o|OoO|O|O|O
o |1 1 1 1 (1 1 1 (] o|o|o|Oo|1|O|O|O|O o|lo|o|o|o|OoO|O|O|O
o|O0oO |0 |1 1|1 |0|0 |0 o|o|o|OoO|1|0|O|O|O o|l|o|o|o|o|O|O|O|O
o|(o|o |1 1|/1|0|0 |0 o|o|o|Oo|1|0|O|O|O ojlo|jo|o|o|Oo|O|O|O
o|(o|o |1 1|/1|0|0 |0 o|lo|jo|o|1|0|O0O|O|O ojlo|jo|o|jo|Oo|O|O|O
o|(o|o |1 1|/1|0|0 |0 o|lo|jo|o|1|0|O0O|O|O ojlo|jo|jo|o|O0O|O|O|O
o(jo|of1|1]|1|0|0]|0O o|lo|jo|Oo|1|0|O0O|O|O o|lo|lo|o|OoO|O|O|O|O
o(o|jof1|1]|1|0|0]|O o|lo|jo|o|Oo|O|O|O|O o|lo|lo|o|OoO|O|O|O|O
A ASB (A& B)+B
o|lo|lof(fo|Oo|O0o|O|O|O o|o|o|o|Oo|O|O|O|O o|lo|o|o|o|Oo|O|O|O
o|O0 |1 1 1|1 1|/0|0 o|lo|o|o|Oo|O|O|O|O o|o |1 1101 1 1|/0)|0
o|lo|(ofo|1|O0|O|O|O o|lo|o|o|OoO|O|O|O|O ojlo|o|o|1|0|0|O|O
o|lo|(ofOo|1|O0O|O|O|O o|o|o|o|O|O|O|O|O ojlo|o|o|1|0|0|O|O
o|lo|jofOo|1|O0O|O|O|O o|lo|o|o|OoO|O|O|O|O ojlo|jo|o|1|0|0|O|O
o|(lo|o|o|1|0|O0O|O0]|O o|o|o|o|Oo|O|O|O|O o|lo|jo|Oo|1|0|0|O0|O
o(jo|o|o|1|0|O0|0O]|O o|o|jo|o|O0o|O|O|O|O o|lo|lo|Oo|1|0|0|O0|O
o(o|o|Oo|1|O0|O0O|O]|O o|o|o|o|O|O|O|O|O o|lo|jo|Oo|1|0|0|O|O
o|ojo|jO0o|jO|O|O|O|O o|jojo|Oo|O|O|O|O|O ojo|jo|OoO|O|O|O|O|O
Si(A)=A© B -(A© B)-B S,(A) S(A)

Hinh 2.12: Qua trinh thyc hién thuit toan tim xwong.
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Chwong 3: CHUONG TRINH THU NGHIEM
3.1. Baitoan

Do tinh chat cdng viéc ciing nhu thim my cua con ngudi ludn ludn thay doi dé
phu hop véi thuc tién ma nhitng doi hoi, yéu cau dit ra cho xir Iy anh ngay cang cao,
da dang. Theo xu hudng @6, xtt ly anh phaét trién khéng ngimg hudng téi quy trinh xu
ly anh hoan thién.

Vi bai toan dat ra, em cai dat chuong trinh thur nghiém
e Diuvao: Mot anh batky

e DPiura : Anh d dugc xu ly

3.2. Phan tich va giéi thi¢u
3.2.1.Phan tich

Hoat dong cua chuong trinh :
Buwoc 1: Dua mot anh c6 dinh dang JPG (hoiac PNG, BMP, GIF, JPEG).

Buwoc 2: Chuong trinh quét va xu ly.
Buwoc 3: Xu ly dya vao cc phép toan hinh thai.

Buwéc 4: Hién thi anh két qua.

3.2.2.Giéi thiéu va hwéng din sir dung
Chuong trinh dugc xay dung trén nén C#, dé minh hoa cac phép todn hinh thai gém co,
phép co nhi phan (Erosion), phép gian nhi phan (Dilation), phép dong anh (Closing), phép

m¢& anh (Opening), tim bién (Edge direction), va tim xuong (Skeleton).

Giao dién chuong trinh nhu sau:
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Open/Save

Open Save

Control
Operation KemelShape

{+ Dilation
(" Erosion

* Sguare
" Circle

™ Opening ~ oo
55

" Closing

Kemal Size

3X3 - Morphology

Edge direction | Skeleton |

S\

pAlHag
Ay

HA| PHONG

Quit ‘

Huéng din sir dung

Open: Nap anh can xt 1y vao picture box

Open £ Save ) L . )

Save: Luu anh da xur Iy ra dinh dang Image file.
Open l [ Save

Operation Kemelshape W O nhém Operatiop: Lua chon cac phép toan

& Diat de tdc dong 1én anh goc. Phép gian nhi phan

* e (%) Square (Dilation), phép co nhi phan (Erosion), Phép mo

() Erosion O Circle anh (Opening), Phép dong anh (Closing).

U Upening Y Cross Nhom “Kernel Shape”: Lua chon cac dang

() Closing cua phan tr cau truc, tdc dong 1én doi tugng trong

; anh. Dang hinh vudng (Square), dang hinh tron
(Circle), va dang hinh dau cong (Cross).
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“Kernel Side”: Dung dé lua chon kich thuge

k.ermal Size 12 vhin tir ¢4 :
- 3 [ Morphalogy ] cua phan tu cau truc.
33 Morphology: Thuc hién phép toan hinh thai
gi; tac dong 1én anh khi da chon phép toan va dang co
B 6 phan tir cau tric tuong xung.
Edge direction: Phat hién bién cua ddi tuong
Edge direction ] [ Skeletan trong anh.
Skeleton: Bit dau qua trinh lam manh d6i
tugng trong anh.

Status bar: Thanh trang thai biéu thj tién do
[ | xir 1y anh ctia chuong trinh. Cho mdt thi dy, néu
st dung phép co nhi phan hay gian nhi phéan, thi

tién d6 nay s& chay mot 1an, boi vi dé thuc hién phép co nhi phan va phép gian thi ta
chi thyc hién thuat toan mot 1an. Néu st dung voi phép dong anh va phép mo anh thi
s€ chay hai lan, vi dé thuc hién mét trong hai phép toan nay ta phai thuc hi¢n hai lan
thuat toan co va giin nhi phan. Dbi vai cac phép toan khac thi chirc nang biéu thi
trang thai cua né cling tuong tu.

3.3. Mt s6 két qua ciia chwong trinh

Chuong trinh duoc cai dat thuat toan dé xtr Iy anh nhi phan bang cac phép toan phép
gidn nhi phan, phép co nhi phan, phép dong anh, va phép md anh véi cac phan tir cau trac
dang hinh vuong, hinh tron, hinh chit thap, c6 kich thudc khac nhau (3x3, 4x4, 5x5, 6X6,
7X7).

Quan sat hinh 4.1 ta thiy: Tir mot anh nhi phan da xudng cp, sau khi st dung phép
gian nhi phan voi phén tlr cAu trac dang tron, kich thudc 4x4, ta dugc anh moi,
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Chuong trinh xi¥ ly anh V1.0 B

‘*'Open/Save
Open Save
—Control -
—Operation — KemelShape —
% Dilation & s
quare
" Erosion S
e
" Opening r o
sS
(" Closing

Kemal Size

[sxa =] [ Morphology |

Edge direction | Skeleton |

pAlHOg
J

HAI PHONG

Quit |

Hinh 3.1: Thue nghi¢m gidn nhi phan hinh dnh véi ciu tric 4x4.

Thi du nhu van trudng hop trén, ta xét thuat toan gidn nhi phan trén anh véi phan tu

cau truc 7x7 ta s€ co anh:
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Chuong trinh xif ly anh V1.0

—Open/Save

Open Save

~Control
— Operation 1 1 KemelShape

' Dilation
" Erosion

(¢ Square
" Circle

" Opening oo

" Closing

Kemal Size

Edge direction | Skeleton

I? X7 Y I Morphology

|

19[_1] HQ Q
s

HAIPHONG.

Quit |

Hinh 3.2: Thyc hién gidn nhi phan hinh anh véi phan tir cau tric 7x7

Ciing hinh 4nh nhi phan nhu trén ta sir dung phép co nhi phan hinh anh véi phan tir
ciu tric 4x4. Boi vi voi phép toan nay d6i twong c6 xu hudng co vao nén ta co thé sir
dung dé loc cac diém anh nho thira trong anh nhi phan. Vi vay tiy theo yéu ciu ma ta tiiy
chon kich thudc phan tir cau tric trong ing dé loc cac chi tiét quan trong trén anh.

Quan sat ¢ hinh 4.3 ta c6 thé thiy, v6i phan tir cdu trac 4x4, khi ta cai dit thuat toan
va tac dong 1én anh thi tdp hop nhimg diém anh c6 kich thuée 1on s& khong bi loai bo boi
phan tir cu tric, trong khi cac tap hop diém anh nho hoic diém anh riéng & s& bi loai bo.
Nhu trén phan 1y thuyét & chuong 2 di gi6i thidu, trong mot sé trudng hop ta c6 thé két
hop phép co nhi phan va phép gian nhi phan dé loc cac diém anh khong du thira trong
anh. Tat nhién chi dat yéu cdu ddi voi anh nhi phan.

BUI DUY MANH-CT1201-HPU Trang 38




Tim hiéu bai toan phat hién xwong nhé phép toan hinh thai

Chuong trinh xit ly anh V1.0

Open/Save -
Open Save
—Control -
—Operation - — KemelShape -
" Dilation & s
* Square
{* Erosion -
e
" Opening C Go
sS
" Closing
Kemal Size

Edge direction l Skeleton

B 5|

|

<N\

pAlHOg
Ay

HAI PHONG

=

Hinh 3.3: Thue nghi¢m phép co nhi phén trén hinh idnh véi phan tir ciu tric 4x4.

Tiép theo, ta xét mot hinh anh nhi phan ddi tuong 1a chit A mau trang (Hinh 4.9), ta
ap dung thuat toan tim xuong trén hinh anh nay. Két qua thu duoc 1a tip hop cac diém
mau do phia bén trong A.

Skeleton

Anh nhi phan ban ban dau Anh nhij phan sau tim xwong

Hinh 4.9: Thye nghiém tim xwong d6i twong trén anh nhi phan.
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Cubi cung 13 thuat toan phat hién bién d6i twong. Pau tién thuét toan s& thyuc hién co
nhi phan giita dbi trong va phan tir cdu trac, sau d6 14y ddi twong ban dau trir di két qua
co nhi phén, ta s& dugc bién cua doi twong, d6 day cua bién tuy thudc vao phan tir clu

truc.
Chuong trinh xi¥ ly anh V1.0
—Open/Save
‘ Open Save
— Control ]
— QOperation i~ KemelShape i
{+ Dilation
{* Square
" Erosion
= " Circle
Openin:
et " Cross
" Closing

Kemal Size

Edge direction I Skeleton

[7x7 =] __ Morphology

<N\

UAI HQQ
J\

HAI PHONG

Quit |

Hinh 4.5: Thye nghiém tim bién ciia d6i twong.
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PHAN KET LUAN

Phép toan hinh thai 1d mot mang vo cling quan trong trong xt 1y anh sb, cac dé tai
vé phép bién d6i nay ciing dang dugc nhiéu ngudi quan tim, bdi vi qua cac thuat toan va
phép toan co sd d6 ta co thé mé rong va phat trién nhitng bai toan khéac co lién quan dén
linh vuc quan sat tham do, tri tu¢ nhan tao..., chﬁng han nhu tng dung véi camera theo
ddi qua cac thuat toan nhan biét d6i tugng chuyén dong, hodc ghép dbi tugng trong hai
hinh 4nh thong qua cac dic diém hodc diém twong dong. ..

Céac két qua da dat duogc:

- Trinh bay tong quan vé xur 1y anh, lich st phat trién va phuong thirc hoat dong.

- Trinh bay hé thong cac khai niém co ban cua phép toan hinh thai dudi goc do xur
1y anh; cac khai niém, cac tinh chit va tng dung co ban trong xir 1y va biéu dién hinh
dang d6i twong. Pong thoi qua d6 giai thich va minh hoa cy thé va dua ra mdi lién hé
gitra cac phép toan do véi nhau.

- Thuc nghiém cac phép toan, thuat toan qua chuong trinh xtr 1y.

Qua phan tich trén ta c6 thé rit ra két luan:

Céc phép toan gian nhi phan (Dilation), co nhi phan (Erosion), Phép m¢ anh
(Opening), phép dong anh (Closing), 1a cac phép toan co sé trong phép toan hinh thai,
céc thudt toan trich bién (Boundary), lam day (Region filling), tach thanh phén lién thong
(Extraction of connected compoments), bao 16i (Convex Hull), 1am manh (Thinning), tim
xuong (Skeleton), déu duoc xay dung tir cac phép toan hinh thai co ban. Cac phép toan
d6 1a diéu kién, cling nhu tién dé dé tim hiéu nghién ciru cac thuat toan khac c6 tinh tng
dung cao trong xir 1y anh noi riéng va trong thuc té doi séng néi chung.

Phép toan hinh thai 1d mot dé tai rat rong, can rat nhiéu thoi gian méi c6 thé tim
hiéu va nghién ctru vé né. Trong thoi gian t6i em s& tiép tuc tim hiéu cac thuat toan loc
nhiéu, ting cuong anh, va phan doan anh... thong qua cac phép toan hinh thai.

Vi vay em rit mong nhan duoc sy dong goép ¥ kién quy bau cua céc thay cd gido

cling nhu ban bé dé b&o ciia em dugc hoan thién hon.

Em xin chan thanh cam on!

BUI DUY MANH-CT1201-HPU Trang 41



Tim hiéu bai toan phat hién xwong nhé phép toan hinh thai

TAI LIEU THAM KHAO

Tiéng Viét

[1]. TS. B Néing Todn, TS. Pham Viét Binh (2007) - Gido Trinh Mén Hoc Xir Ly Anh,
truong DH thai nguyén, khoa CNTT, tr. 26 ~ 27, tr. 44 ~ 49.

[2]. Luong Manh Bd, Nguyén Thanh Thiry (2003)- Nhap Mén X Ly Anh S6, Nha xuét ban
Khoa hoc va K¥ thuat, tr. 7 ~ 10.

[3]. Pham Viét Binh (2006) — Phat trién k¥ thuat do bién, phat hién bién va tng dung, luan
an tién si khoa hoc, tr. 5, tr. 13~17

[4]Ddo Bao Linh — C5Tin — DH Dién Lyc HN “Tim hiéu cac phép toan hinh thai va
ung dung “do an tot nghiép nganh C5Tin

[5] Phan Hiru Manh- CT701-CNTT- “Tim hiéu cdc phép todn hinh thdi va irng
dung” @6 an tt nghiép nganh CNTT

Tiéng Anh

[1]. Frank Y. Shih(2009) -Image Processing and Mathematical Morphology Fundamentals
and Applications, tr. 11~ 24,tr 37~52.

[2]. J.B.T.M Roerdink- Computer vision And Mathematical Morphology.

BUI DUY MANH-CT1201-HPU Trang 42



