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THUAT TOAN PHAN CUM MO CONG TAC VA GIAM CHIEU
DU LIEU CHO BAI TOAN PHAN CUM ANH VE TINH SIEU PHG

COLLABORATIVE CLUSTERING ALGORITHM WITH REDUCING DIMENTIONALITY

FOR HYPERSPECTRA SATELLINE IMAGES

TOM TAT

Anh v tinh siéu phd (Hyperspectral Satelline Images - HSI) gan day da nhan
dugc su quan tam clia nhiéu nha nghién ctiu va dugc ting dung trong nhiéu linh
vuc khac nhau. Phan cum |3 mot bai toan co ban trong xt Iy anh siéu phd, dong
thoi né ciing la mét trong nhiing budc khd nhat bdi vi hanh siéu phd c6 hang
trdm kénh va doi héi tinh toan véi hiéu ndng cao. Trong bai bdo nay, ching ti
dua ra gidi phap phan cum anh siéu pho béng cach st dung thudt toan phan cum
ma cong tac sau khi da thuc hién giam chiéu dif liéu anh siéu phé véi phép chiéu
ngau nhién dua trén dinh Iy Johnson Lindenstrauss (Thuat todn C2JL). Cac két
qué thit nghiém véi tap dit liéu anh vé tinh siéu phd va cac chi s6 danh gia cho
thdy phuong phap dé xuat cho két qua tot hon cac phuang phap da c.

Tir khéa: Hinh dnh siéu phd; phdn cum md; hop tdc phdn cum; gidm tinh nding.

ABSTRACT

Hyperspectral satelline images (HSI) have received popularityand shown
their usefulness in various earth observation applications in recent years.
Segmentation is the basic problems in HSI processing but it also is one of the
most difficult taks because HSI have hundreds of channels and high-performance
computing is crucial. In this paper, we proposed solution for HSI segmentation by
using collaborative clustering with reducing image dimentionality by random
projection based on Johnson Lindenstrauss lemma (C2JL algorithm) which also
preserves the relative distance between data points. The experiments which
were done on 2 HSI data sets with 5 validity indexes shows that proposed
methods give the better performance.

Keywords: Hyperspectral image; fuzzy clustering; collaborative clustering; feature
reduction.
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1. GIGI THIEU

Phan cum la mét cong cu toan hoc dung dé phat hién
cdu tric hodc cac mau nao dé trong tap di liéu, theo d6 cé
déi tugng bén trong cum dit liéu thé hién bac tuang déng
nhat dinh. Ky thuat phan cum dugc ap dung trong rat
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Pang Trong Hop'*, Mai Dinh Sinh?

nhiéu linh vuc nhu khai pha di liéu, nhan dang mau, xu ly
anh... Véi tu cach 1a mét chiic nang khai pha di liéu, phan
cum cling c6 thé dugc st dung nhu mét céng cu doc lap dé
quan sat dac trung bén trong su phan bé cla di liéu. Cac
thuat toan phan cum d liéu da dugc quan tam nghién clu
va Ung dung réng rai nhu: thuat todn phan cum k-means va
cac cai tién cta no [1]; ho cac thuat toan phan cum mo
Fuzzy c-means [2, 3].

Phan cum cong tac m& dugc gido su Pedrycz dé xuat [4]
nhu 13 cdng cu d@é tim ra nhiing ciu trdc va nhém tuang
déng cta nhiéu tap di liéu rdi rac c6 lién quan véi nhau. C6
hai dac diém ctia phan cum dir liéu cdng tac, mot 1a dir liéu
chi tiét & cac tap khong thé trao d6i véi nhau ma chi c6 thé
trao d6i thong tin vé cdu trdc, hai la cAn xem xét viéc phan
cum & tap di liéu nay c6 tac dong va chia sé téi viéc phan
cum & cac tap dir liéu khéc [4, 5, 6, 71. Mot vi du vé dii liéu va
két qua clia viéc phan cum céng tac khi c6 nhiéu tap dir liéu
va cac tap d6 cd su cong tac trong qua trinh phan cum dugc
mo ta trong hinh 1. Theo d6, néu thuc hién phan cum riéng
l& ting tap dir liéu ta sé co két qua nhu hinh (a), néu thuc
hién qué trinh phan cum céng tac dé diéu chinh sé cho két
quéa nhu hinh (b). Rd rang néu nhin toan bé di liéu cda ca hai
tap dir liéu ta sé thay két qua hinh (b) hop ly hon do hinh
dang clia cau tric cum cla hai tap 6 su tuong déng.
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Hinh 1. Két qua phéan cum (a) trudc cong tac, (b) sau khi cong téc
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Tiép tuc cac két qua clia Pedrycz, Coletta va cong su da
nghién ciu cac phuong phép t6i uu héa tham sé nhu tinh
todn muc d6 cOng tac gilta cac cap tap di liéu, tinh todn
t6i uu s6 cum dit liéu trong cac tap [7]. Ngoai ra, phuong
phap phan cum di liéu céng tac cing dugc nghién cdu va
ung dung trong trudng hgp di liéu cé nhiéu khung nhin
khac nhau tugng tng véi cac thudc tinh khac nhau, két
qué phan cum theo tiing khung nhin cé thé céng tac véi
nhau [8]. Nhiéu hudng nghién cliu ma réng ciing nhu ting
dung phan cum md& cdng tac khac da dugc nghién cldu
nhu: Zhou gidi thiéu giadi thuat phan cum céng tac trong
mang phan tan P2P [9]; Thuat todn phan cum céng tac lai
tinh todn hat cling dugc nhém clia Z. Han nghién ctu tng
dung trong bai toan xép hang cac nha cung cap gas [10];
Yan Liu trinh bay phuong phdp phan cum md cdng tac
cho di liéu khodng c6 quy mé 16n [11]; Trong nghién cdu
cla minh, Z. Deng cling dua ra mét hudng tuong tu phan
cum céng tac la phan cum dua trén trao d6i mau (tam
cum) [12].

HSI chta hang tram kénh &nh cho méi diém anh va
dugc ing dung trong nhiéu linh vuc khac nhau, déc biét la
gidm sat bé mat trai dat. N6 co thé dugc st dung dé phan
loai cac chat liéu ctia bé mat bang cach do buc xa dén cam
bién véi d6 phan gidi quang phé cao trén mét dai phé du
rong dé cé thé phan doan gitia cac I6p pha dat khac nhau
(nudc, dat, lam nghiép, cay trong, khu vuc dé thi,...).

Trong nhitng nam qua, c6 mot s6 ky thuat da dugc dé
xuat dé gidi quyét van dé sé lugng 16n kénh phd cta HSI.
Gidm chiéu la cach phé bién nhat, day 1a qua trinh tién xu ly
thudng dugc st dung trudc khi phan doan HSI cé thé loai
bd cac thanh phan thia HSI va gidm d6 phuc tap tinh toan,
hai cach tiép can gidam s6 chiéu phé bién 1a trich chon dac
trung [13-14] va trich xuat dac trung [15]. Muc tiéu co ban
clia moi ky thuat giam kich thudc nay la lam sao giam kich
thudc nhung déng thai bdo toan théng tin cau trac cta di
ligu[16].

Nhiéu nghién ctu gan day da dugc nghién ctu dé giai
quyét bai toan phan doan HSI. C6 hai cach ti€p can ca ban,
cach tha nhat dua trén viéc hoc c6 giam sat nhu SMV, cach
thd hai la dua trén viéc hoc khong gidm sat nhu thuat toan
phan cum, vi thi€u mau dir liéu dugc gan nhan, phan cum
Ia mét trong nhiing ky thuat dugc ap dung phé bién nhat
dé phan doan &nh. Mét s6 ky thuat lai cing da dugc nhiéu
nha nghién ctu dé xuat va cho két qua tét nhu st dung
phuong phép nhan [15] hoac st dung thuat toan tién héa
dé ting do6 chinh xac ctia cum [17-18]. Hau hét cac thuat
toan phan cum st dung két hgp théng tin phé va théng tin
khéng gian dé t8i uu hoa két qua phan doan [19, 20].

Mot trong cac van dé kho nhat trong qua trinh x{r ly HSI la
s6 lugng 16n chiéu di liéu va sé lugng 16n cac mau ditliéu. Vi
vay, trong bai bao nay, ching téi dé xuat giai phap cho phan
doan HSI bang cach gidm chiéu dir liéu théng qua mot
phuang phap dua trén dinh ly Johnson Lindenstrauss va chia
d(r liéu thanh cac tap nhd hon sau d6 phan cum cuc bd va
cudi cung thuc hién phan cum cong tac.
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Phan ti€p theo gdbm céac ndi dung sau: Phan 2 gié6i thiéu
ngan gon vé dinh ly Johnson-Lindenstrauss, giam chiéu d
lieu bang phép chi€u ngdu nhién, thuat toan phan cum
cong tac; Phan 3 dé xuat phuong phap mai dé phan doan
HSI; Phan 4 trinh bay két qua thuc nghiém; Két luan va céac
nghién cttu trong tuong lai dugc dé cap trong Phan 5.
2.CO SO NGHIEN cUU
2.1. Gidm chiéu bang phép chiéu ngau nhién

Dinh ly Johnson Lindenstrauss [21], trong d6 chi ra rang
vGi tap xac dinh X gém p chiéu: X c RP ¢6 n phan tu, ton
tai mot phép bién d6i tuyén tinh f: RP —» R™ théa man:

(1= Dlx-yll, < lx =yl < A+ Dlx—yll, v
moix,y € RP

Hay v&i mot tap cac diém d liéu trong p chiéu, ton tai
mét phép bién ddi tuyén tinh gidm xuéng m chiéu, trong
dé khodng cach tuong d6i Euclidean gitia cac diém trong
khéng gian mdi gan nhu khéng d8i bang cach st dung
phép chi€u nhan ma tran di liéu dau vao vsi mot ma tran
ngau nhiéu m chiéu ta dugc di liéu dau ra m chiéu
Yom = XnpRom.

Dé tinh ma tran R, [22] dé xuat phan phdi ngau nhién
doc 1ap cha R nhu sau:

—1,pro=%
Ty = 1 1 M
Ipro_ E
+1,pro=%
rjj = +v3{ 0,pro= 2 (2)
1
—1,pro= ’

V6i tham s6 dau vao € theo dinh ly Johnson-
Lindenstrauss s chiéu dau ra m dugc xac dinh theo céng
thuc sau, pro la phan phdi xac suat cho gia tri tuong tng, n
la s6 phan t cta di liéu dau vao:

m = e 2l ogn 3)

Dinh ly chi ra rang khoang cach gilta cac d6i tugng bi
thay d&i khong dang ké trong khodng (1 + €).

M@ rong céc két qua clia dinh ly Johnson- Lindenstrauss
chi ra rang: véi gia tri x ¢ dinh x ER" va s<m €N
tén tai phan phdi chuyén d6i tuyén tinh W,: R -» R™
théa man:

(0,63 — Ollxll12s < IPsxlly < (1,63 + EIxll1 2

Trong d6, ¥, la ma tran ngdu nhién ¥ = \E%CDS vGi
@, la phép nhan Hadamard clia hai ma tran ngau nhién A,
vGi ma tran ngau nhién G, trong d6 c6 A; c6 d = m/s gia tri 1
trong mot codt va cac gia tri khac bang 0, G la ma tran phan
phdi chudn Gaussian. Gia tri ctia s thé hién dé rdi rac cla x.
2.2. Phan cum mo

Thuat toan Fuzzy C-means phan cum tap dir liéu X
thanh ¢ cum d@ liéu, trong @6 méi cum di liéu dai dién
bidng mét tam cum dua trén t6i uu hda ham muc tiéu:

Jm(U,v) = XRo; 2 (W)™ (dj)?, 1<m < o0 (4)
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Trong d6, di la khodng cach gilra cac phan tdr di liéu
thiivak, Ula ma tran phan hoach, v la tap cac tam cum.
T6i thiéu héa ham muc tiéu trén bang phuong phap
Lagrange ta dugc u va v theo cong thic sau:
1

— = k=0
c %)m_l i
Ui, = Fl(djk ) 1= 11<_ v (5)
0,i ¢ I,
{Zielk Ujx = 1'1 € Ik Ik * @
n . ymyk
o G S I (6)

Zl]::1(uik)m ’
2.3. Phan cum céng tac mo

Gid su c6 P tap dir liéu D[1], D[2],...DIP], trong d6 chuda
N[1]1, N[2],..,N[P] mau d{ liéu trong cung khéng gian thudc
tinh X. Trong méi tap dir liéu D ta phan thanh ¢ cum. Két
qua phan cum & méi tap di liéu lai tac dong téi viéc phan
cum & cac khu vuc con lai, ching ta goi qua trinh nay la sy
cong tac gitta va phan cum céng tac.

Trong hinh 2 cac khu vuc dir liéu khéng truc ti€p trao
déi dir liéu ma chia sé thong tin ciu truc la ma tran di liéu
trong tam cum vijjl.

DI1]

v[1]

Hinh 2. M6 hinh phan cum cdng tdc
Bai toan phan cum d liéu cong tadc cé ham muc tiéu
can t6i uu la:
N[ii] ¢

Qi = Z Z uf[i1dj

=1 i=1

N ~eps
+B 2 o1 Tty T (i — uili 1 D? dfe 7)
Phan dau ctia ham muc tiéu tuong tu nhu ham muc tiéu
thuat toan C-Means véi uliil 1a d6 thudc cha phan ti tha k
vao cum i trong tap d liéu ii; di la khodng cach ti phan ti
thit i t&i tdm cum i. Phan sau ctia ham muc tiéu thé hién sy

t6i uu trong qua trinh cdng tac.

Tham s6 B phan anh muc d6 cong tac gilra cac tap dir
liéu. Gfi {j ] la ma tran dé thudc tadc dong cda tap di liéu jj

|én tap ii va dugc tinh theo cdng thuc [16].

~s g 1 _ 1
uplifj] = p— AT ®)
e (Paclii—viliil ¢ ,h
j=1 |xk[ii]_vj[j]-]| dije[lilj]
S dung phuong phap Lagrange dé t8i uu ham muc

tiéu trén sé dugc cong thuc tinh ma tran phan hoach va
tam cum nhu sau:
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ulil = Z Bt s i 4 ]
rs TS 1+p(P-1)
] 1 dZ
1+B(P-1) (9)
D ]urk[“]xkt
i +BZ§=1,1'1'==1121< 1 (urk 11]—urk[ii|jj])2th
Vrt[1 ] = N[“] - (1 0)

Zy=q Urklil]
FBEF it Dy (il g [iiljf])

Véil<r<cgl<s<N[i;1<t<M.
3. PHUGNG PHAP DE XUAT

Bai bao dé xuat gidi phap phan cum anh vé tinh siéu
phd nhu hinh 3. Mé hinh dé xuat gém 3 pha, Pha 1 thuc
hién giam chiéu di liéu bang thuat toan Giam chiéu d liéu
theo phép chi€u ngau nhién, Pha 2 thuc hién chia d liéu
thanh cac tap con va phan cum cuc bé bang thuat toan
FCM, Pha 3 thuc hién thuat todn phan cum céng tac dé cé
két qua cudi cung.

|FCM‘ ‘FCMHFCMHFCM‘

‘ collaborative clustering ‘

¥
‘ Segmented HSI ‘

Hinh 3. Mé hinh phan cum anh HSI

Algorithm 1: C2JL

Input: D( liéu dnh vé tinh siéu phd X, s6 cum C

Output: dir liéu da phan cum theo ma tran U

Begin

Phase 1: Gidm chiéu dii liéu

1. Chay thuat toan Algorithm 2 d€ giam chiéu dit liéu
anh vé tinh siéu phé

Phase 2: Chia dit liéu va phan cum cuc bd

1. Chia tap X thanh P tap con

2. Chay thuat toan Algorithm 3 véi méi tap di liéu con

Vol. 58 - No. 1 (Feb 2022) e Journal of SCIENCE & TECHNOLOGY | 55



CONG NGHE

P-ISSN 1859-3585 | E-ISSN 2615-9619

Phase 3: Phan cum cdng tac

1. Chay thuat toan Algorithm 4 dé€ phan cum cong tac
2. Tra két qua phan cum theo ma tran U

End

Algorithm 2: Thuat toan giam chiéu di liéu

Input: Tap d{ liéu: X, € va d6 thua dir liéu s

Output: dir liéu da giam chiéu

Tinh gia tri m tU € theo céng thuc (3)

Tinh ma tran G(m,k) theo phan phdi Gaussian
Tinh ma trdn ngau nhién A véigiatrio/ 1
Tinh ma tran nhan Hadamard &, = A;0G

Tinh ma tran ngau nhién ¥, = \/zifbs

mm
TinhmatrandauraY = X, ¥
Algorithm 3: FCM

Pau vao: Tap di lieu X = {x4,X,,...,X,} € RP, s6 cum
¢ (1<c<n), hé s6 m& m (1<m<+o0) va sai s6 g, s6 lan lap téi
da Tmax.

Pau ra: Két qua phan cum

Khéi tao:

Tam cum'V;

T=0.//Dém sé vong lap.

Repeat

Tinh todn gia tri tam cum v theo céng thu (6);
Cap nhat gia tri ma tran ham thdc u. theo cong thc (5);
=T+1;

Until (([J™ — ™| < &) hodc (1 2 Tmax)
Algorithm 4: Collaborative FCM

Repeat

Trao d6i tdm cum tdi tat cd cac tap dirliéu
For each data site Dlii]
Tinh ma tran phan hoach i theo (8)
Repeat
Tinh ma tran phan hoach u theo (9)
Tinh ma tran tam cum v theo (10)
Until |lU' — U < cort> tpay -
End for
Until [Vt— V'Y <elort> tpay
4. THU NGHIEM
Trong phan nay, gidi phap dé xuat dugc danh gia bang
hai th&r nghiém véi cac dit liéu dnh vé tinh siéu phé thuc té.
Tap di liéu va chi s6 Xie-Beni (XB) va chi s6 Partition
Coefficient (PC) trong [24] dugc st dung dé so sanh vai két
qua phan cum clGa thuat toan BDC-RPFR-CFCM, FCM.

Phuang phap c6 chi sé PC nho hon va chi sé PC I6n hon sé
tét hon.
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Dé& thuc hién phan cum cdng tac, sau khi gidm chiéu di
liéu, tap dir liéu &nh vé tinh siéu phé dugc chia thanh 3 tap
con. Bé chinh xac va cac chi sé dugc cdng cho toan bd cac
tap con. Ngoai ra, hiéu qua phan loai cing dugc danh gia
bai chi s6 True Positive Rate (TPR) va False Positive Rate
(FPR) dugc dinh nghia nhu sau:

TPR = —&
TP+FN
FPR = TN
" TN + FP

TP + TN

ACCUracy oo N T FP 4 FN

Trong d6, TP 1a s6 diém thudc I6p dugc phan I6p dung,
FN 13 s6 diém khong thudc 16p bi phan 16p sai, FP la s6
diém thudc I8p bi phan 16p sai, TN 1a s diém khong thudc
I6p dugc phan I16p dung. Thuat toan cé chi s6 TPR cao hon
va FTR thap hon sé tét han.
4.1. Thit nghiém 1

Tap d liéu &nh vé tinh siéu phé khu vuc Indian Pines &
North-western Indiana gém anh 145 x 145 chiéu va 200
kénh phé c6 budc song tir 0,4um - 2,4um. S6 diém mau la
10249. D{t lieu gém 16 16p khac nhau bao phu bé mat khu
vuc v3i s6 diém cua tiing I8p trong bang 1.

Bang 1. 56 diém trong ting IGp theo dnh mau da gan nhan

L Lép S0 diém
1 Alfalfa 46
2 Corn-notill 1428
3 Corn-mintill 830
4 Corn 237
5 Grass-pasture 483
6 Grass-trees 730
7 Grass-pasture-mowed 28
8 Hay-windrowed 478
9 QOats 20
10 Soybean-notill 972
1 Soybean-mintill 2455
12 Soybean-clean 593
13 Wheat 205
14 Woods 1265
15 Buildings-Grass-Trees-Drives 386
16 [Stone-Steel-Towers 93

Theo céng thuc (3), ta xac dinh dugc moi quan hé gitia
chi s6 € va sé chiéu di liéu sau khi gidam theo bang 2 véi gia
tri € tUr 0,1 dén 0,9. Chay vdi cac gia tri nay dugc gia tri téi
uulae=03

K&t qua phan cum theo tiing thuat toan dugc trinh bay
trong hinh 4. Cac chi s6 danh gia trong bang 3 cho thay
thuat toan dé xuat CFCM-C2JL cho két qua tét hon véi 3/5
chi s6.
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Bang 2. Gia tri € va s6 chiéu cla di liéu Indian Pines 6 Bare Soil 5029

€ 010210304 |05(06]071]08]09 7 Bitumen 1330
Dimension| 230 | 58 [ 26 | 14 | 9 | 6 | 5 | 4 | 3 8 | Self-Blocking Bricks 3682
E ' 9 Shadows 947

Theo céng thtc (3), ta xac dinh dugc moi quan hé gilia
chi s6 € va s6 chiéu di liéu Pavia University sau khi giam
theo bang 5 véi gia tri € tir 0,1 dén 0,9 clia tap d liéu. Chay
vGi cac gia tri nay dugc gia tri toi uu la € =0,4.

Két qua phan cum theo tiing thuat toan dugc trinh bay
trong hinh 5. Cac chi s6 danh gia trong bang 6 cho thay
thuat toan dé xuat CFCM-C2JL cho két qua tot hon véi 3/5
chi so.

Bang 5. Gia tri € va 5o chiéu clia di liéu Pavia University

€ 010203040506 |07 | 08 1] 09

Dimension| 201 | 50 | 22 | 13 | 8 6 5 4 3

e) IT2FCM” f) C(FCM-Q2JL
Hinh 4. Dit liéu Indian Pines va két qua phan doan anh
Béng 3. Chi so danh gid két qua phén cum vdi dit liéu Indian Pines
Chisé FCM C(FCM IT2FCM IT2FCM* | CFCM-C2JL
PC 0,234 0,376 0,456 0,455 0,453
XB 1,094 0,967 0,785 0,659 0,698
TPR 90,53% | 95,08% 98,04% 98,35% 98,38%
FPR 5,29% 5,06% 3,28% 2,99% 1,63%
Accuracy | 86,34% | 94,12% 97,43% 97,45% 97,66%
4.2. Thit nghiém 2

Anh vé tinh siéu phé chup bai vé tinh ROSIS viing Pavia,
bic Italia. S6 kénh anh 13 103, s6 diém anh 13 42776, anh
kich thuéc 610x610 véi do phan giai 1 diém anh 1,3m2 Anh
da gan nhan gém 9 1&p véi s6 diém cla tung 16p trong
bang 4.

Bang 4. S6 diém trong ting IGp theo anh mau d gan nhan

Ll Lop S6 diém

1 Asphalt 6631

2 Meadows 18649

3 Gravel 2099 .

4 Trees 3064 e) IT2FCM” f) CFCM-Q2JL
5 Painted metal sheets 1345 Hinh 5. Dif liéu Pavia University va két qua phan doan anh

Website: https://jst-haui.vn Vol. 58 - No. 1 (Feb 2022) e Journal of SCIENCE & TECHNOLOGY | 57



CONG NGHE

P-ISSN 1859-3585 | E-ISSN 2615-9619

Bang 6. Chi s0 danh gia két qua phan cum véi dir liéu Pavia University

Chisé | FCM | CFCM | IT2FCM | IT2FCM* | CFCM-CIL
PC 0481 | 058 | 0672 0,674 0,653
XB 0895 | 0799 | 0647 0,628 0,677
TPR | 88,56% | 92,95% | 9503% | 96,17% | 96,89%
FPR 427% | 361% | 3,52% 2,26% 1,88%
Accuracy | 86,62% | 93,78% | 9411% | 9629% | 96,41%
5. KET LUAN

Trong bai bao nay, ching t6i da nghién ctu cac van dé
gap phai trong bai toan phan doan anh vé tinh siéu phé,
dac biét la van dé s6 chiéu di liéu va khéi lugng dir liéu
phai xt ly rat l6n. Tu d6 dua ra giai phap phan doan anh vé
tinh siéu phd bang thuat toan phan cum md céng tac va
giam chiéu di liéu theo phép chiéu ngau nhién dua trén
dinh ly Johnson Lindenstrauss. Cac két qua thi nghiém véi
anh HSI thuc té da cho thdy giai phap dé xuat cho két qua
tét trong phan 16n céc chi s6 danh gia.

Trong tuong lai chung t6i sé tiép tuc cai tién hiéu nang
cla thuat toan béng cach trién khai mé hinh tinh toan song
song cling nhu st dung mot s6 thuat toan t6t hon FCM
trong pha xt li thu 2 thuc hién phan cum cuc bo.
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