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TOM TAT - Phén ving anh vién tham la vin dé dwoc cdc nha nghién ciu vién tham quan tam. Anh vién tham cé thé cé
nhiéu kénh, dg phan gidi rdt cao. C6 nhléu ki thudt phdn ving khac nhau nhw K-Means, C-Means, Watersed,... Trong do, thudt todn
K-Means dugc sir dung va img dyng rat pho bzen cho viéc phdn ving danh vién tham. Tuy nhién, khi phdn ving anh vién tham kich
thiede I6m, toc @6 héi tu ciia thudt todn van rdt chdm. Bai bao ndy trinh bdy mot tiép cdn két hop thudt todn K-Means véi ki thudt
Wavelet cho viéc khéi tao tam hiéu qua nhdm ting téc dg phan ving dnh vién tham.

Tir khoa - Phan cum, Phdn ving dnh, kmeans, wavelet.
I. GIOI THIEU

X 1y anh vién tham no6i chung va phan viing anh (hay phan cum) vién tham néi riéng 1a vin dé dugc nghién ctru
tir rat lau va hién tai van dang duoc quan tam. Phan cum la m§t quy trinh dung dé trich chon nhitng nét chinh cta cac
dbi twrgng nén boi viée dinh nghia cac ving twong tmg. Nhiém vu cua chirc nang phan ving anh 1a tir anh da ban dau,
tién hanh x{r Iy va phan chia thanh cic ving, cac cum khac nhau. Hién nay, c6 nhiéu phuong phap phan ving khac
nhau nhu: Céac phuong phap hinh thai, Cac phuong phap ho K-means, M6 hinh pha tron Gaussian cé gidi han
(FGMM), Tach va hop, Cac md hinh Markov,... Hau hét cac phuong phap chi sir dung cudng do ciia mdi diém anh dé
dinh nghia cc viing, nhung dura ra cac phan doan rat hdn tap, cu thé voi cac anh da phd c6 do phan giai cao. Hién nay,
mot s6 thudt todn bao gdm thong tin ngit canh trong quy trinh dé giam bat tinh hdn tap cta cac phan doan. Trong d6
mot s6 thong tin ngit canh cta cac phan doan nay dugc trich chon tir anh cling dugc st dung.

Trong [1, 2], cac tac gia da d& xuat ki thuat phan cum két hop thuét toan Watershed va bién d6i Wavelet dé phan
ving anh. Trong [1], cac tac gia ciing két hop giita thudt toan phan cum mo va céac biéu thirc diéu chinh mirc xam khac
dé tang cuong d6 anh y té. Trong [2], cac tac gia dd dé xudt thuat toan kMeans sur dung thay thé tim cum. Trong [5],
Balaji va cong sy trinh bay mot phan doan anh méi dua trén ddc trung mau tir anh v6i viée chuyén diém anh tir khong
gian RGB sang khong gian L*a*b* va phan cum trén khong gian nay. Trong [6], Ng6 Thanh Long va cong su da de
xudt thuat toan phan loai mo loai 2 ban giam sat dé phan loai anh vién tham da pho Trong [7], Tao va cong sy dé xuat
mdt thudt toan phén doan anh v¢ tinh dua trén thuét toan phin cum mo c6 trong s6 moi lién quan dén ctra s6 1an cin
cua cac diém anh. Ngoai ra, trong [8], Singh va cac cong su cling dé xuét thuat toan phan loai anh v¢ tinh d¢ phan giai
cao su dung phan cum mo dya trén cac rang budc phé.

Thuét toan kMeans di dwoc sir dung rat nhiéu trong nghién ciru va dwoc cai dat trong cac phan mém xir ly anh
vién tham. Tuy nhién, khi phan ving anh vién tham kich thudc 16n, tbe d6 hoi tu cua thuat toan van rat cham. Trong
nghién clru nay, ching t6i dé xuét mot cai tién thuat toan phan cum K-Means Kkét hop thuat toan K-Means véi ki thuat
Wavelet cho viéc khai tao tam hié¢u qua nham tang tde do phén ving anh vién tham.

Céc phan con lai cua bai bao nay dugc trinh bay nhu sau. Phin 2 trinh bay thuit toan phan cum kMeans. Thuét
toan phan cum kMeans cai tién dugc trinh bay trong phan 3. Mot s6 thir nghiém dugc trinh bay trong phan 4. Phan 5 1a
két luan bai béo.

IL. THUAT TOAN PHAN CUM KMEANS
Thuat toan kMeans [3] bao gém 4 budc, duge trinh bay nhu sau:

Bang 1. Thuat toan kMeans co ban.

Pau vao: n d6i tuong va s6 cum k
PAu ra: Cac cum C; (i=1..k) sao cho ham muc tiéu £ sau day dat cuc tiéu:
E =Y, Yrec, d*(x,my) (1)

Budc 1: Khaoi tao
Chon k dbi tuong C; (j=1..k) 1a tdm ban déu cua k cum dir liéu dau vao (lya chon ngau nhién).
Budc 2: Gan tdm cum theo khodng cdch

Véi mdi dbi twong x; (1 < i < n), tinh khoang cach ciia nd téi mdi tim Cvoij= 1.k Déi tugng
thudc vé cum Cs ma khoang cach tir tim Cs tuong (mg dén ddi twong d6 1a nho nhat

d(x,Cs) =mind(x,C;),1<j<k )
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Budorc 3: Cap nhit tdm cum
DPéi véi mdi J = 1.k, cap nhat lai tdm cum C; béng cach xac dinh trung binh cdng cia cac vector déi
tuong dir liéu da dugc gan vé cum.

| Zxecluster()¥ ®)
J count(cluster(j))

Buwéc 4: Liap va kiém tra diéu kién dieng

Lip lai cac budc 2 va 3 cho dén khi cac tim cum khong thay ddi gitra hai 1an lap lién tiép.

Chung ta thay, trong bude 1, viéc tdm cum dugc tao ngau nhién anh huong dén téc do thuat toan. Trong mot lan
thuce thi thuat toan, néu cac tam chon ngau nhién tot, gia su gan vai vi tri cac tdm sau khi hoi ty, lac nay thoi gian thuc
thi con lai s& khong nhiéu. Tuy nhién, néu cac tim chon ngau nhién khong t6t, chang han cic tim rat gan nhau, lic nay,
s& mét rat nhiéu thoi gian dé xac dinh cac tim sau hoi tu vi sb 1an 1ap s& rat 16n. Pay chinh 1a Iy do ma cac 1ha nghién
ctru tim cach sao cho tdm cum khéi tao dugc tdt nhat.

IILTHUAT TOAN PHAN CUM KMEANS CAI TIEN

Trong phin nay, ching t6i d& xut thuat toan phan cum KMeans cai tién cho anh vién thim ma ching t6i tam
goi la wiKMeans (wavelet inited KMeans). So d6 thuat toan dugc minh hoa trong hinh 1.

Anh gbc
v
Bién doi Wavelet DWT
\ 4
Céc hé s6 xap x1
(d% phan giai thap nhat, (cAj))
v
Anh cyc tiéu hra chon
L 4
Phan cum anh
cwc tieu voir kMeans
v
Phan cum anh goc véi kmeans
(voi tap tam anh cuc tiéu)
v

Anh phan doan cudi cing

Hinh 1. Luu d0 thuat toan wiKMeans.
B1: Bién dbi wavelet
St dung bién dbi wavelet dé giam kich thuéc anh.
Bién ddi song nho (Wavelet) 1a cong cu toan hoc hay duge st dung vao viéc biéu dién anh da d6 phéan gidi. Sau
khi thyc hién phép bieén doi ta thu duoc tap hé so Wavelet, la ham co gian va vi tri cua séng nho. Bién doi song nho co
thé dugc biéu dien twong tu nhu bién d6i Fourier, nhu sau:

F(w)= j‘: F(t)e™ dt

C(scale, position) = J s(t)@ (scale, position,t)dt @

Véi tin hiéu s6 nhu anh vién tham, thi tp hé s Wavelet ¢6 thé thu dugc nhd phép bién ddi song nho roi rac
(Discrete Wavelet Transform - DWT). V&i phan 16n anh s thi ndi dung tan s thap 1a quan trong nhat, giir dugc hau
nhu cac dic tinh ctia anh dau vao ciia phép bién dau véi kich thudc giam bon 1an. Sau khi ap dung bo loc thong thap
theo hai hudng (LL) ta thu dugc anh xap xi (cA,) cua anh gbe. Néu ap dung bo loc thong thap cho chléu ngang va bd
loc thong cao cho chidu doc anh (LH) ta 6 tap hé 50 ngang (cH;) ctia anh gbe. Tuong tu ta 6 tap he s6 doc (cV)) va
tap hé sb chéo (cD;). Lap tién trinh trén biang con (LL) dé sinh ra cac hé s6 & mirc 2 tiép theo. Hinh 2 mé ta DWT éanh
theo thuat toan hinh kim ty thap cua Mallat [4].
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Hinh 2. Bién d6i anh véi Wavelet.
Vay, anh gdc S duoc biéu dién trén co so cac hé s6 bién ddi sdng con ciia nd nhu sau:
S = CAl + {CH]_ + CVl + CDl}

%)
Thuyec hién 13p tién trinh cho dén khi mirc d6 chi tiét 1a mau hay pixel. Tai mirc J, anh gdc duoc biéu dién boi:
S = cA;+ ;_{{cH; + ¢V +cD} ©
Céc hé sb xép xi dugc tinh toan nhu sau:
CcA;_y =cA;+ (cHy + ¢V +cDy) )

M3i lan thyc hién phan ra wavelet, kich thudc cua anh xap xi cAj giam di bon lan so véi lan thyc hién trude do
(moi chieu giam xudng mot ntra). Nhu vay, gia st chung ta phan rd 3 mtc cho anh dau vao, ta thu dugc anh xap xi cé
kich thudc gidam xudng 64 lan.
B2: Phan cum KMeans anh cuc tiéu
Tién hanh phéan cum anh xép xi cuc tiéu lya chon vé&i thuat toan KMeans. Sau khi da phan cum tht ca cac 0, ta
duogc tap tam cum nhu sau:
Vi = {vie 1 <k <c} ®

B3: Phan cum k-means inh gbc

Thuc hién phan viéc phan cum anh géc v6i thudt toan KMeans véi tp tdm cum khoi tao V7, thu dugc trong B2.
IV. THU NGHIEM

Chuing t6i tién hanh thu nghiém thuat toan dé xuat wiKMeans va so sanh két qua voi thuat toan Kmeans da dugc
su dung pho bién cho phén vung anh vien tham. Gia st anh dau vao c6 kich thudc M x N di€ém anh.Chung téi thuc hién
phén ra wavelet 3 mirc véi ham nhan 14 Biorthogonal. Nhu vay, anh xap xi cuc ti€u chung t6i chon c6 kich thude M/8 x
N/8 diém anh.

Trong thir nghiém 1, anh gbc 1a anh vé tinh Quickbird dugc tai tr dir liéu mau trén trang http://cpticks.org.
Trong thir nghiém 2, anh gdc 14 anh vé tinh LANSAT vé huyén ba Bic thudc tinh Hoa Binh, dugc lay trong tdp anh
LANDSAT ma nhom tac gia c6 dugce khi tham gia thuc hién dé tai “Phat trién phan mém xir Iy anh vién tham trén nén
phin mém GRASS’. Bang 2 minh hoa dnh dau vao trong cac thir nghiém 1 va 2.

Bang 2. Cac anh diu vao trong tr nghiém 1 va 2.

Thir nghiém 1 Thtr nghiém 2
] :_F-':--

A. Thii nghiém 1
Bang 3 mé ta anh két qua phan cum cutia thuét toan Kmeans va wiKmeans trong truong hop 5 cum.

Bing 3. Két qua phén loai ciia KMeans va wiKMeans.

Cum s 1 2 3 4

KMeans
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wiKMeans

Bang 4 thong ké thoi gian phan cum cia thuat toan Kmeans va wiKmeans. Hinh 3 dua ra biéu d6 so sanh thoi

gian phan cum gitra thuat toan Kmeans va wiKmeans.

Bang 4. So sanh thoi gian phan cua KMeans va wiKMeans.

Thuit toin 5 7 9 12 16
KMeans 2339797 | 2309922 | 7092406 | 13765729 | 18985531
WIKMeans 39656 107622 134891 247828 306203
20000000
18000000 /
16000000 /
14000000 /
12000000 /
10000000 // KMeans
WIKMeans

8000000 /
6000000

4000000 /

2000000

O —

5 7 9 12

16

Hinh 3. Biéu d6 so sanh thoi gian phan cum cia KMeans va wiKMeans.

Bang 5, 6 dua ra thong ké dd phén tach cac cum thong qua khoang cach céc tam cua wiKMeans va KMeans
trong truong hop 5 cum. Chung ta thay do khoang cach gilta cac cum sinh ra tr wiKMeans va Kmeans c6 d¢ sai khac

nhau khéng nhiéu thé hién chat luong phan cum ¢ d6 twong dong cao.

Bang 5. Khoang cach gilia cac tdm sinh ra tor wiKMeans.

1 2 3 4 5
10| 67.62 | 112.240 | 178.03 | 239.33
2 0 47.15 112.83 | 171.41
3 0 69.08 | 128.22
4 0 70.87
5 0

Bang 6. Khoang cach giira cac tdm sinh ra tir KMeans.

1 2 3 4 5
10 67.05 | 111.557 | 179.38 | 240.52
2 0 45.04 | 113.39 | 172.52
3 0 68.37 | 127.47
4 0 68.18
5 0

B. Thir nghiém 2

Bang 7 mo ta anh két qua phan cum cua thuat toan Kmeans va wiKMeans trong truong hop 5 cum.
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Bang 7. Anh dau vao va két qua phéan cum.

S6 cum 5 9 13

KMeans

wiKMeans

Bang 8 thong ké thoi gian phan cum cia thudt toan Kmeans va wiKmeans. Hinh 4 dua ra biéu d6 so sanh thoi
gian phan cum gitra thudt toan Kmeans va wiKmeans.

Bang 8. So sanh thoi gian phan cia KMeans va wiKMeans.

Thuit toan 5 9 13 18 21
KMeans 329453 2602187 | 2724187 8146656 9046766
WIKMeans 39656 108172 135291 250328 306703
10000000

8000000 /

6000000 /

/ e KMeans
4000000 / = \V]KMeans
2000000

5 9 13 18 21

Hinh 4. Biéu dd so sanh thoi gian phan cum ciia KMeans va wiKMeans.

Bang 9, 10 dua ra thong ké do phan tich cac cum thong qua khoang cach cac tim ciia wiKMeans va KMeans
trong truong hop 5 cum. Chung ta thay d khoang cach gilra cac cum sinh ra tr wiKMeans va Kmeans c6 dg sai khac
nhau khong nhiéu thé hién chat lvgng phan cum cé do trong dong cao.

Béng 9. Khoang cach giira cac tdm sinh ra tr cwKMeans.

1 2 3 4 5

10| 108.15| 195.56 | 117.01 | 367.32
2 0 94.22 37.83 | 265.87
3 0 88.5 | 170.98
4 0] 250.25
5 0

Bang 10. Khoang cach giita cac tdm sinh ra tr KMeans.

1 2 3 4 5
0| 107.68 | 196.19 | 115.72 | 366.51
0 95.46 38.74 | 265.52
0 90.3 | 171.45
0| 249.39
0

N | |[W N =
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Tir bang 4 va hinh 3 trong thir nghiém 1 ciing nhu bang 7 va hinh 4 trong thir nghiém 2, chung ta c6 thé thiy
thoi gian dé hoan thanh viéc phéan cym cua thudt toan dé xuit wiKMeans nhé hon rat nhiu so voi thuat toan KMeans.
Ngoai ra, khi sb cum tang 1én, thoi gian thuc thi thuat toan KMeans ting 1én rat nhanh chong, trong khi thoi gian thyc
thi thuat toan wiKMeans tang rat it.

V.KET LUAN

Trong nghién ctru nay, chung t61 da dé xudt thuat toan wiKMeans v&i muc tiéu tang téc do phan ving anh vién
tham. Bau tién, anh dwoc giam kich thude sir dung ki thuat phan rd wavelet. Sau d6, tién hanh phan cum anh x4p xi véi
cuc tiéu lua chon (kich thudc nho nhat duge chon) voi thuat toan KMeans dé thu duoc tap cac thm cum. T1ep do,
chung ta st dung thuat toan KMeans dé phan cum anh gbc ban du véi cac tam khoi tao 1a cac tdm thu duoc tir két qua
phan cum anh cyec tiéu lra chon. Cac két qua thir nghiém cho thiy thoi gian phan cum st dung wiKMeans giam xudng
rat nhiéu so véi thuat toan KMeans. Ngoai ra, d§ phan tach giira cac cum vai dai dién 1a khoang céach gifra cac cum la
kha twong dong.
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A IMPROVING OF CLUSTER CENTER INITIALIZATION OF KMEANS
ALGORITHM TO SEGMENT THE REMOTE SENSING IMAGES

Nguyen Tu Trung, Ngo Hoang Huy, Vu Van Thoa, Dang Van Duc

ABSTRACT - Remote sensing image clustering is the issue that is interested by remote sensing researchers. Remote sensing image
can have multi bands and high resolution. There are multi algorimths as K-Means, C-Means, Watersed, ... Wherein, KMeans is used
popu commonly to segment remote sensing images. However, when clustering large size remote sensing images, the converging
speed of the algorimth is still slow. This paper present a technique which combines the algorimth K-Means and Wavelet technique
for initializing centers effectively to speed up clustering of remote sensing images.



