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Tém tir: Phan ving anh vién tham 1a van dé duoc
cic nha nghién ctru vién thim quan tdm. Anh
vién tham c6 thé c6 nhiéu kénh, do phan giai rat
cao. C6 nhiéu ki thuat phan ving khac nhau nhu
K-Means, C-Means, Watersed, . . Trong do, Fuzzy
C-Means (FCM) duoc danh gia rit cao vé kha
nang phan ving bang viéc sir dung logic mo.Tuy
nhién, phuong phap nay gip van dé khi phan viing
anh c6 kich thudc 16n nhur anh vién tham. Ngoai
ra, két qua phan cum phu thudc rat nhiéu vao sy

tuong phan cta dnh. Bai bdo nay trinh bay mot ki

thuat cai tiénthuét toan FCM dé co thé thuc hién
voi anh vién tham kich thude 16n.

Tir khéa: Phan ving anh, Phan cum mo, Anh
vién tham.

I. GIOI THIEU

Xir 1y anh vién tham noi chung va phan ving
anh (hay phan cum) vién tham néi riéng 1a van
dé duoc nghién ctru tir rat 1au va hién tai van
dang dugc quan tam. Phan cum la mot quy trinh
ding dé trich chon nhiing nét chinh cta cac ddi
tugng nén bai viée dinh nghia cic ving twong
ung. Nhiém vu ctua chirc nang phan vung anh la
tir anh da ban déu, tién hanh xtr 1y va phan chia
thanh cac vung, cac cum khac nhau. Hién nay, co
nhiéu phwong phap phan ving khac nhau nhu:
Céc phuong phép hinh thai, Cac phuong phap ho
K-means, M6 hinh pha tron Gaussian c6 gioi han
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(FGMM), Tach va hgp, Cac mo6 hinh Markow, ...
Hau hét cac phuong phép chi sir dung cuong do
ctia mdi diém anh dé dinh nghia cac ving, nhung
dua ra cac phan doan rat hdn tap, cu thé véi cac
anh da pho c6 do phan giai cao. Hién nay, mot sb
thuat toan bao gdm thong tin ngir canh trong quy
trinh dé giam bat tinh hdn tap cta cac phan doan.
Trong d6 mot s6 théng tin ngit canh cua cac phan
doan nay dugc trich chon tir anh cting duogc su
dung. Trong [1 2], cac tac gia da dé xuat ki thuat
phan cum két h0’p thuat toan Watershed va bién
d6i Wavelet dé phan vung anh.Trong [3], Balaji
va cong su trinh bay mot phan doan anh méi dua
trén dic trung mau tir anh vé6i viée chuyén diém
anh tr khong gian RGB sang khong gian L*a*b*
va phan cum trén khong gian nay. Trong [7], cac
tac gia trinh bay thuat todn 2D-KMeans. Trong
[9], Chang va cOng su trinh bay mot thuat toan
phan cum k-means mo st dung khoang cach tam
cum gitta cac tién trinh xtr Iy ldp ndi tiép dé giam
dd phuc tap tinh toan cua thudt todn phan cym
k-means mo thong thuong.

Fuzzy C-Means (FCM) duoc danh gi4 rat cao vé
kha ning phan ving bang viéc st dung logic mo.
Trong [4], cac tic gia ciling két hop giira thuat
toan phan cum mo va cac biéu thic diéu chinh
mirc xam khac dé ting cuong do anh y té. Trong
[8], dé xuat mot thuat toan C-Mean md song song
(FCM) cho phan doan anh bang viéc phan chia
tinh toan gitra cac b xu ly. Trong [10], céc tac
gid da thuc hién mot nghién ctu so sanh gitra
thuat todn phan cum mo va phan cum mo gilra
trén entropy. Cac tap dir li¢u duoc sy dung bao
gdém IRIS, WINES, OLITOS va andpsychosis.
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Tuy nhién, thuat toan FCM gdp van dé khi phan
vung anh c¢6 kich thuéc 16n nhu anh vién tham.
Trong nghién ctru ndy, ching t6i dé xuat mot quy
trinh phén ving anh vién thamnham khic phuc
han ché nay.

Céc phan con lai ciia bai bao nay duoc trinh bay
nhu sau. Phan 2 trinh bay thuat toan phan cum
mo gbe. Thuat todn phan cum md cai tién dugc
trinh bay trong phan 3. Mot s6 thir nghiém dugc
trinh bay trong phan 4. Phan 5 1a két luan bai bao.

Il. THUAT TOAN PHAN CUM MO’

A. Thudt toan phan cum mo

Phan cum c-Means mo [5] 1a thudt toan duoc
dung rong rai cua phan 16p mo. Trong khi xem xét
logic tap mo, thuat toan dugc phat trién dya trén
phan cum k-Means. Trong thuat toan ndy, mdi
diém anh khong vé duy nhat cum nao va dugc
biéu dién boi nhiéu thanh vién cua mdi cum.

Bai toan phan cum md phat biéu nhu sau. Cho tap
dir liu X gém n d6i tuong t6 chirc thanh ¢ cum
thé hién qua ham lién thudc mo ta mic do doi
tuong dir liéu thudc vé cum i v&i moi :

OSHUS 19(1 S_]Sngl SISC)

D my=L0<j<n)

(1a)
(1b)

Thuat toan phan cum FCM [5] dugc thuc hién lap
nham tbi wu (cuc tiéu hoa) ham muc tiéu (J,) sau:

o= 2o 2 ) d 1) )

Trong do:
¢ -sbcum;
n - so pixel cua anh;
o gia tri thanh vién cua pixel thirj va trung tdm
cum thu 7;
m - trong s6 mii, tham s6 mo;
x- vector thir j;
V- vector trung tdm cua cym thir i;

dz(xj, V)- khoang cach gitra xval,.
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Dé t6i ru hda ham muc tiéu trong cong thire (2),
cac trung tam cum V, va i, gia tri c6 the dugc tinh
theo cong thirc sau:

X7 wi)™x ,
A A el <i<
Vi Hup™ (siso) )
_ ¢ d(x]',Vk) L_ -1 . .
Hij = [Ek=1(d(levk))m 1] ,(1<jsnl1<i<o)
)
Thuat toan FCM nhu sau:

Ddu vao: SO6 cym ¢, tham s6 mo, tiéu chuan dung.

Pau ra: ¢ cum dir liéu sao cho ham muyc tiéu (2)
dat gid tri toi1 thicu.

Biit diu

1: Nhap gia tri cho 2 tham s6 ¢(1 <i<c), m e
(1; »); k= 0; khoi tao ma tran phén‘ hoach
U© = {u,}thoa méan (la), (1b), (1c), diéu kién
dung €.

2: Tai budc k:

2.1: Tinh cac thm cum V(1 <i < c) theo cong
thtre (3).

2.2:Tinh ma tran thanh vién cdp nhat U™
theo cong thuc (4).

2.3:So sanh U® va Uk, Néu [[UO-UED|| <g
thi ding. Nguoc lai, ting &, quay lai 2.1.

Két thuc.

B. Nhuoc diém ciia FCM véi anh vién tham kich
thuoc lon

Thuat toan phan cum md [5] nay sinh van dé khi
gip anh ¢ kich thude rat 16n ma cu thé o day la
anh vién thim d6 phan giai cao. Van dé nay sinh
tor ma tran do thudc p. Theo cong thuc (4), kich
thudc cua p dugc tinh nhu sau:

Sizeﬂ = c.n.8 (Byte) (5)

Trong d6: ¢ 1a s6 cum, n 14 s6 pixel (kich thudc)
cua anh. Gia st ta ¢c6 mot anh kich thudc 2048 x
2048. Ta mu6n phan thanh 20 cum. Khi do, Size,
la 2048 x 2048 x 20 x 8 (B) =4 x 20 x 8§ (MB)
= 640 (MB). Ma tran d¢ thudc dugc luu trong
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RAM. Nhu vay, chi can c6 RAM 1GB thi c6 thé
luu ma tran dg thudc trong truong hop nay. Tuy
nhién, néu chiing ta mudn phan thanh 40 cum thi
Sizep 1a 1280 (MB) > 1024 (MB) = 1GB. Diéu
nay nghia 1a néu chi c6 RAM 1GB thi khong du
dé chta cac phan tr ciia ma tran do thudc. Va
dé thuat toan FCM c6 thé thyc hién ta budc phai
tang RAM.

Néu anh c6 kich thude 16000 x 16000, sd 16p
¢ = 20, Sizep 1a 16000 x 16000 x 20 x 8 (B) =
39062.5 (MB) = 39 (GB) Chung ta thay, voi
anh kich thudc va sé 16p nhu trén thi ké ca bo
nhé RAM 16n nhat hién nay cho may tinh ca
nhan ciing khong thé chira dan t6i FCM khong
thé thuc thi néu ma tran do thudc duge luu trén
RAM. Chung ta c6 thé nghi dén viéc dung dia
cimg dé luu ma trin nay thay vi dung RAM. Tuy
nhién, khi do ngay ca v&1 anh mau thong thuong
thi thoi gian thyc hién cia FCM la rat cham. Véi
anh vién tham, thoi gian nay co6 thé 1én toi don
vi ngay. Nhu vay 1a khong hiéu qua. Tét ca diéu
nay da gidi thich nguyén nhan vi sao FCM [5]
gip van dé véi anh kich thudce rat 16n ma cy thé
1a anh vién tham.

. THUAT TOAN PHAN CUM MO CAI TIEN

i

Chiand

FCM cho cac tam cym

|

Témg hop

Hinh 1: Luu 6 thudt todn IsiFCM

Trong phan niy, ching toi dé xut thut todn
phan cum m¢ anh vien thdm kich thude 16n ma
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chung t6i tam goi la IsiFCM (large size image
Fuzzy cMeans). So d6 thuat todn dugc minh hoa
trong Hinh 1.

B1: Chia 0

Chiing ta c6 thé biéu dién lai anh theo khia canh tap
hop. Biéu dién ban dau ctia anh theo tip cac pixel.
Gia str anh co6 kich thude M x N. Khi do ta co:

Image = {Pix(ij): 1 <i<M, I <j <N} (6)

Anh gdc duoc chia thanh P x Q 6 (p 6 theo chiéu
ngang, q 6 theo chiéu doc). Mdi 6 c6 kich thudc
khong qua 512 x 512 (Mc x Nc) pixel dé dam bao
thit tuc FCM ¢6 thé thu:c thi. Theo chiéu ngang,
26 lién ke c6 phan xép chong bang mat nua kich
thude m01 0 Cell(x y) Theo chiéu doc, 2 6 lién ke
c¢6 phan xép chong bang mot nira kich thuéc moi
6. Khi do, ta c6 biéu dién méi cua anh nhu sau:

Image = {Cell(x,y): ] <x <P, 1 <y<Q} (7)

Trong do:

Cell(x,y) = {Pix(ij): 1 <i<Mc, 1 <j <Nc} (8)
Mec, Nc < 1024
B2: Phan cum FCM cac 6

Tién hanh phan cum mdi 6 Cell(x,y) v6i thuat toan
FCM.Goi V(x,y,k) 1a tam tht & tai 6 Cell(x,y), ta
duoc ¢ tdm cym cua 6 Cell(x,y):

9)

Centerscdl(x’y)

= {V(xpk):1<k<c}
I1<x<B1<y<Q

Tinh trong s6 mdi tAm thir k ciia 6 Cell(x,y) theo
cong thuc:

Wei(x,y, k) =

1212 uPix(i, ), k) (10$)

trong do, wu(Pix(i, j), k) 1a gia tri thanh vién cua
diém anh Pix(i, j) voi cum thir k trong 6 Cell(x,y).

Sau khi da phan cum tat ca céc 6, ta dugc tap tdm
cum nhu sau:

Centers .

f age={CenterSCem "

Centers,,  ={V(xy.k):1<x<P.1<y<Q,1<k<c/ (12)

va tap cac trong sO nhu sau:
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Wei,  ={Wei(x,,k):1<x<BI1<y<Q1<k<c} (13)

I mage

B3: Phan cum tip tim cum st dung FCM

Sau khi thu duoc tap cac tdm cum cuia cac 0, tiép
tuc thuc hién thuat todn phan cum FCM trén tap
cac tdm cym nay v&i ham muc tiéu va cong thuc
tinh tdm hiéu chinh nhu sau:

Z?(#ij)mxj*Weix]-

= 1<i<c
¢ Weiy xEif (i)™ ( )

(14)
Tur day, ta thu dugc tap tam cum véi ¢ tam cum
cuoi cung.

B4: Téong hop

Tur ¢ tdm cym thu dugc trong B3, tinh lai gia tri
thanh vién cua tung diém trong anh anh dau vao
voi moi tAm cum.

IV. THO NGHIEM

Chung t6i tién hanhthtr nghiém thuat toan dé
xuét 1siFCM va so sanh voi thuat toan géc FCM.
Trong d6, 2 mau véi kich thuée trung binh ma
van co thé thuc hién véi FCM (trong diéu kién
RAM khéng 16n) dé so sanh két qué cua hai thuét
toan. Kich thudc mdi 6 khong 16n hon 250 x 250
diém anh. Pé danh gia chét lugng phan cum,
chung t6i str dung chi s6 do déng nhat cum [6][7]
duoc cho nhu sau:
F(I) =

\/_El IJL— (15)

1000(N><M)
trong do, / 1a anh phan doan, la kich thudc anh, R
1a s6 ving trong anh phan cym, 1a dién tich diém
anh vung th 7, va 1a 16i mau ving i (khoang cach
Euclidean gifra cac vector mau mirc xam cua cac
diém anh cta ving tht i va vector mau qui cho
vung i trong anh phan doan).

Tap dit li¢u phuc vu cho thir nghi¢m gé)m hai loai.
Mot 1a, loai anh SPOT 4, gém 4 kénh: Luc, Do,
Can héng ngoai, Hé)ng ngoai, chup khu vuc Hoa
Binh va Son La véi 21 anh chup nam 2003 va 14
anh chyp nam 2008. Loai anh nay, nhom tac gia
c6 duoc khi tham gia thuc hién dé tai “Phat trién
phin mém xur 1y anh vién tham trén nén phan
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mém GRASS’. Pay 1a dé tai cip nha nude, thude
Chuong trinh KHCN Vi Tryu. Trong d6, anh
SPOT véi do phan gidi cao, dugc ban véi gia kha
cao bdi Cuc Vién tham - Bo Tai nguyén va Moi
truong, khoang vai chuyc triéu mot anh. Hai 1a,
loai anh Quickbird, gém 4 kénh: Lam, Luc, Do,
va can hong ngoai, duoc tai tir dit liéu mau trén
trang http://opticks.org. Do khudn kho bai bao c¢6
han, nhém tac gia trinh viéc thir nghiém véi hai
mau anh dau vao khac nhau.

Trong thir nghiém nay chung t61 chon may tinh
c6 RAM 1GB. Mau con lai la dnh 16n ma véi sb
cum trong thir nghiém du dé FCM khong thé thuc
hién vé6i RAM 1GB. Cac mau nay dugc liét ké
trong Bang I.

Bang I. Cdc dnh dung trong cdc thd nghiém.

Thir nghiém 1

Thd nghiém 2
7 LY

A. Thir nghiem 1

Anh gdc 13 anh vé tinh Quickbird c6 kich thudc
2056 x 2065 (diém anh). Hinh 2 va 3 mo ta anh
mdi cum dugc sinh ra boi thuat toan FCM va

IsiFCM véi1 5 cum.

Hinh 2. Chi tiét tiing cum cta FCM cda thi nghiém 1.

.. ; ..
o,
o

Hinh 3. Chi tiét ting cum cua IsiFCM cda thi nghiém 1.

Hinh 4 va 5 thong ké d6 dong nhét theo céc chi
so0 F(I) va F°(I) cua cac cum sinh ra béi FCM va
IsiFCM véi s6 cum lan lugt 12 5, 7, 9.
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00.000 T T 1
5 7 g

Hinh 4. Biéu @6 so sdnh chi s6 F(I) cdc cum sinh ra
bdi FCM va IsiFCM cta thdrnghiém 1 (*1.0e+3).

00.800 —45\/\
ﬂ_ el [5iFC I

00000 T T 1
5 7 9

01.200

01.000

00400

00.200

Hinh 5. Biéu d6 so sdnh chi s6 F(I) cdc cum sinh ra bdi FCM va
IsiFCM cda tha nghiém 1 (*1.0e-3).

20000000
15000000 '—F.-"é
10000000 =M
el |5iFC
5000000 .—__-'/?
4] T T 1

Hinh 6. Biéu dé so sdnh thai gian thuc thi
cta FCM va IsiFCM cda thd nghiém 1.

Hinh 6 théng ké thoi gian thuc thi cuia FCM,
IsiFCM trong cac truong hop 5, 7, 9 cum véi anh
trong thir nghiém 1.

B. Thur nghiém 2

Hinh 7. Chi tiét timg cum cta FCM cda thi nghiém 2.
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Hinh 8. Chi tiét timg cum cta IsiFCM cda thi nghiém 2.

Anh gbc 12 anh vé tinh SPOTc6 kich thude 2200
x 2101. Hinh 7 va 8 m6 ta anh mdi cum dugc sinh
ra boi thuat toan FCM va IsiFCM véi 4 cum.

Hinh 9 va 10 thong ké d6 dong nhét theo cac
chi s0 F(I) va F’(I) cac cum sinh ra boi FCM va
1siFCM véi s0 cum lan luot 12 4, 6, 7, 9.

0.800

0.600 ALVE

0.400 e EC M
el [5iFC M

0.200

0.000 T T T 1

Hinh 9. Biéu dé so sdnh chi s6 F(I) cdc cum sinh ra bdi FCM va
IsiFCM cla tha nghiém 2(*1.0e+3).

05.000
0s.000 | I
03.000 -
——FCM

02.000 == [5iFC
01.000
00.000 : . . .

a 5 7 9

Hinh 10. Biéu dé so sdnh chi s6 F/(1) cdc cum sinh ra béi FCM
va IsiFCM cta tha nghiém 2(*1.0e-3).

25000000
o
15000000
——FCM
10000000 —m—iFCM
5000000 H’/#
O T T T 1
a4 6 7 9
Hinh 11. Biéu dé so sanh thdi gian thuc thi

cta FCM va IsiFCM cda thd nghiém 2.
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Hinh 11 thdng ké thoi gian thuc thi cia FCM,
IsiFCM trong cac truong hop 4, 6, 7, 9 cum véi
anh trong thtr nghiém 2.

Nhan xét:

- V& mit chét luong phan cum, theo danh gia
do6 dong nhat tir cac bang va biéu dd trén,
IsiFCM van dam bao d¢ 6n dinh so véi FCM,
tham chi c6 truong hop tét hon FCM.

- V& mit téc do thyc thi, IsiFCM cham hon
nhiéu so véi FCM. Piéu nay 1a hién nhién
vi s6 luong 6 can phan cum kha nhiéu. Tuy
nhién, chung ta co6 thé cai thién mot cach dot
bién toc do thuc thi cta IsiFCM néu song
song hod giai doan phan cum cac 0.

V. KET LUAN

Trong nghién ctru nay, chung t6i da dé xuat mot
thuat toan phan ving anh vién thim méi IsiFCM.
Y tudng cia thut todn nay 1a cai tién thuat toan
phan cum m& cho viée phan ving anh vién tham
kich thudc 16n. Pau tién, anh dugce chia thanh
nhiéu 6 c¢6 kich thudc bang nhau. Sau dé, tién
hanh phan cum mdi 6 v&i thuat toan FCM dé thu
duoc tap cac tdm cum. Sau khi tat ca cac 6 déu
dugc phan cum, ta c6 tap cac tAm cum cua cac 0
nay trong sd tuong tng. Tiép tuc st dung thuat
toan FCM voéi cong thire tinh tim méi dé phan
cum tap cac tim nay. Két qua thu duoc tip céac
tdm méi. Qua trinh tong hop 1a viéce tinh lai gia
tri thanh vién ting diém anh va tap cac tim cudi
cung. Cac két qua thir nghiém chtng to 1siFCM
cho két qua phan vung tdt, van dat do 6n dinh so
véoi FCM.

Tuy nhién, do viéc thuc hién thuat toan FCM véi
rAt nhiéu 0, tde d0 thuec thi cua 1siFCM cham hon
nhiéu so vi FCM. Do d6, trong nghién ciru tiép
theo, chiing t61 hudng td1 viée song song hoa giai
doan phan cym cac 6 dé tang tdc do thuc thi cta
thuét toan dé xuit.
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Abstract: Remote sensing image clustering is
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algorimths as K-Means, C-Means, Watersed, ...
Therein, Fuzzy C-Means (FCM) is estimated
very hight because it can cluster by using fuzzy
logic. However, this method has problem when
clustering images with large size as remote
sensing image. In addition, results of clustering
dependences the enhancement of image very
much. This paper presents a technique which
improves the algorimth FCM to execute remote
sensing image with large.
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