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TOM TAT

Viét Nam 1a quéc gia ¢6 dia hinh trung du va mién ndi chiém dién tich 16n. Cau trac dia
hinh kha da dang va phirc tap, c6 su phan bac rd rét theo do cao. Nhing nim gan day, tinh trang
sat 16 dang dién ra hét sirc nghiém trong, c6 chiéu hudng gia ting ca vé pham vi va quy md, de
doa dén an toan, tai san cta nguoi dan. Vi vay, viéc phat hién kip thoi cac khu vuc sat 16 1a vo
cung quan trong dé giam thiéu cac thiét hai. Cé nhiéu phuong phap dé phat hién sat 16, trong d6
viéc str dung anh vé tinh cling 1a mot phuong an ddng dugc quan tm. Trong ndi dung nghién ctu
nay, nhom tac gia gidi thidu tong quan vé cac thuat toan phan cum mo va tmg dung cho bai toan
phat hién sat 10 tir anh vé tinh. Két qua thu dugc sau khi cai dit thuc nghiém cho thiy, cac phuong
phap duoc gidi thidu c6 thé ap dung dé giai quyét bai toan phat hién cac khu vuc sat 16 trong anh
vé tinh. Trong do6, phuong phap phan cum trén tip mo vién canh dem lai két qua v6i d6 chinh xac
phan cum cao va hinh anh phat hién sat 1& twong déi rd rang. Didu nay rit can thiét trong linh virc
phong chéng thién tai, phat hién sat 1. Qua d6 gitip nhanh chong hd tro cac quyét dinh va dua ra
céc giai phap dé ngan chin nhimg thiét hai do sat 1& gdy ra d6i voi con ngudi va tai san.

Tir khoa: phan cum, phdan cum ban giam sat mo, phdn cum mo vién cdanh, sat lo.

LANDSLIDE DETECTION FROM SATELLITE IMAGES
USING FUZZY CLUSTERING METHODS

ABSTRACT

Vietnam is primarily a midland and mountainous country. The topographical structure is
quite diverse and complex, with a clear altitude hierarchy. In recent years, landslides are taking
place very seriously, and tend to increase in both scope and scale, threatening people's lives and
properties. Therefore, timely detection of landslide areas is extremely important to minimize
damage. There are numerous methods for detecting landslide areas, one of which is the use of
satellite images. In this paper, we introduce some fuzzy clustering methods and applications to
solve the problem of landslide detection from satellite images. The results of the experiments
show that the methods presented can be used to solve the problem of detecting landslide areas
in satellite images. Typically, the Picture fuzzy clustering method has high clustering efficiency,
providing relatively clear landslide detection images. It is very useful for disaster prevention
and landslide detection. Thereby, decisions and solutions are made quickly to avoid potential
damage to people and property.

Keywords: clustering, landslide, picture fuzzy clustering, semi-supervised fuzzy clustering.
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1. PAT VAN PE

D6i voi hé théng xir Iy anh thi qua trinh
phan doan anh déng vai tro rit quan trong.
Qua trinh phan doan anh nhdm phan tich hinh
anh thanh cac viing c6 cung tinh chét dya trén
ranh gidi hay cac khu vuc lién thong. Phan
doan anh phan vung hinh anh k¥ thuat sé
thanh nhiéu phan doan nham xéac dinh chinh
xac cac doi twong thudc ving anh va ving
nén. Theo mot cach khac, phan doan anh la
qua trinh xac dinh nhan cho tit ca cac diém
anh trong hinh anh véi yéu cau cac diém anh
¢6 cung nhan thi cing thugc mot phan hinh
anh nhat dinh. Phan doan anh 1a qué trinh
quan trong va phtc tap nhat trong hé thong
xur ly anh, phuc vu cho cac budc nhan dang
d6i tuong trong anh sau nay. Nhin chung, c6
thé phan chia cac phuong phap phan doan dnh
theo ba xu hudng co ban: (i) Sir dung cac k¥
thuat xir 1y anh gém: phuong phap liy
ngudng, cac phuong phap dua trén bién va
duya trén vung; (ii) St dung cac ky thuét phan
cum gdém: K-means (Kanungo va cs., 2002),
Fuzzy C-Means (FCM) (Bezdek va cs.,
1984); (iii) St dung cac k¥ thuét dua trén tinh
toan mém (Shibai va cs., 2018) cac k¥ thuat
dua trén hoc sau (Shi va cs., 2021).

Qua trinh phan nhém tat ca cac diém dir
liéu vé cac cum khac nhau sao cho sau khi
phan cum thi cac diém dir liéu c6 mic do
gidng nhau hon s& & trong cling mot cum
duoc goi la ky thuat phan cum dir liéu. Cac
phuong phap phan cum dugc chia ra thanh
hai loai d6 1a phuong phap phan cum 1o va
phuong phap phan cum mo. Néu nhu trong
phuong phap phan cum rd thi mot diém dir
lidu chic chan chi thudc trong mot cum duy
nhit; nguoc lai, trong phuong phap phén cum
mo thi mot diém dir liéu co thé thude vao
nhiéu cum khac nhau véi gia tri d6 thudc vao
cac cum. bé nang chét luwong phan cum, cum
md dugc bd sung mot sd thong tin cho trude
nhu: d6 thudc, cac rang budc theo cap, v.v..
Trong truong hop nay, phan cum mo tro
thanh phén cum ban giam sat mo. Do c6 thém
cac thong tin bd tro nén nhin chung céac
phuong phap phan cum ban giam sat mo dem
lai két qua d6 chinh xac phan cum tét hon cac
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phuong phap phén cym rd va phan cum mo.
Ngoai ra ciing c6 thé ting hiéu suit ciia cac
phuong phap phan cum bang cach st dung
cac k¥ thuat phan cym duya trén cac tap mo
nang cao. Ngay nay, cac linh vuc ung dung
cua phan cum dir liéu da duogc st dung rat
nhiéu trong thuc té. C6 thé ké dén mot sb
tmg dung dién hinh nhu: trong marketing
nham phan nhom khach hang dé xac dinh
va phan loai khach hang tiém nang, du doan
hanh vi cua khach hang (Ramasubbareddy
va cs., 2020); trong sinh hoc dé phan nhom
dong, thyc vat dya trén cac didc tinh cia
ching (Wu va cs., 2020); trong thu vién dé
theo doi nguoi doc va sach (Rahim va cs.,
2021); bao hiém (Shi va cs., 2021); tai
chinh (Majumdar & Laha, 2020); phan loai
tai li€u (Curiskis va cs., 2020); phan loai
nguoi dung web (Chen va cs., 2020); phan
doan X-quang nha khoa (Narayana & Kollj,
2021) va phan doan hinh anh y té (Kaifa va
cs., 2020). Bac biét, trong xur 1y anh vé tinh
c¢6 nhiéu linh vuc tng dung quan trong nhu:
phan loai cac phuong tién giao thong (Cao
va cs., 2016); hau can (Li va cs., 2020);
phén loai anh vé tinh dé dy bao han han, 1
lut, chay ring (Knorr va cs., 2011), v.v..
Trong pham vi bai bdo nay, ching t6i gidi
thiéu mot sd tiép can trong phan cum mo va
ung dung vao phat hién sat 16 tr &nh v€ tinh.
Céc ndi dung trinh bay tiép theo nhu sau: ndi
dung phan 2 gi¢i thiéu mot sé phuong phap
phan cum mo; phan 3 dua ra tmg dung céac
phuong phéap phan cum trong phat hién sat 1;
phan 4 trinh bay két luan va cac dong gop cua
nghién ciu, dong thoi dua ra xu hudng
nghién clru trong tuong lai.
2. MOT SO KY THUAT PHAN CUM MO

2.1. Phuwong phap FCM (Fuzzy C-Means)

FCM la phuong phap phan cum md ndi
tiéng nhat dugc d€ xuat bdi Bezdek va cs.
(1984). Phuong phap nay duogc d¢ xuat trén y
tuong cyc ti€u hoa khoang cach gitra cac
thanh phan dir liéu t¢i cac trung tdm cum. Vi
viéc xay dung ham muc tiéu

N C

Juw = Z Z u"d% — Min, (1)

a=1 b=1



S6 dic biét: Chuyén déi séphuc vu phat trién kinh 16 — xa héi

va rang budc

C
Zuab = Lu, €[0,1],Va=1,..,N, (2
b=1
trong d6 X = {X|, Xp,..., X;,..., Xy} 12 tAp

dir liéu bao gdm N phan tir, C 1a sd lugng
cum, V ={V.V,,....V},....Vc} la tap cac
tam cum, u,, 1a do thudc cua diém dit lidu a
vao cum b, d,, 1a khoang cach tir diém dir liéu
a dén thm cum b, m 13 s6 mo.

Tam cum V, va do thudc u,, duoc xac
dinh bang cach st dung phuong phap nhan tir
Lagrange ddi v6i ham muc tiéu (1) va rang
budc (2) nhu sau:

_ &a= luabX
O 3)
a=1%ab
1
Uy = ———— . “4)

2
dgy \ o
(@)
2.2. Phuong phap SSFCM (Semi-Supervised
Fuzzy C-Means)

Phuong phap SSFCM di dugc dé xuét
trong mot nghién ciru vé phan cum md cua
nhom tac gia Pedrycz & Waletzky (1997).
Trong d6, ham muc tiéu cia SSFCM bao gdm
hai thanh phan: dau tién 1a thanh phan hoc
khong giam sat va thir hai la thanh phan hoc
c6 giam sat. Phuong phap nay c6 ham muc
tiéu duorc xéc dinh nhu sau:

Jway = Z Z iz,

a=1 b=

N C
+a D" Y (Ut = farby)"dy = Min, (5)
a=1 b=1
trong d6 X ={X,X,,....X,,.... Xy} 12
tap dir liéu bao gém N phﬁn ttr, C la sb luong
cum, V = {V|,V5,....V,,....V} la tap cac
tam cum, u,, 1a d6 thudc cua phan tir dit liéu
a d6i v6i cum b, d, 1a khoang cach tir phan
tt dit liéu a dén tAm cum b, d6 thudc S duoc
gan nhan a trong cum b, m 1 s6 mo, « 1a tham
s6 dung diéu chinh giira hai thanh phan giam
sat va khong gidm sat, o, dé phan biét cac
phan tir dit liéu gan nhin va chua gan nhan.
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1 néu X, duoc gan nhin

fab = L a CHOEE ©6)
0 néungugc lai

5, = { 1 neiu X, dugc gan nhan @
0 néunguogc lai

Céc gia tri tam cum V), va cac do thudc u,,
xac dinh nhu sau:

_ Nl UgpXa +0‘Za l(uab fabéa)zXa
b=
flvl ab+aza 1(uab fabéa)ZXa
vb=1,..,C (8)
oo L+a(l=b,35  fu)
P lta sC G
j=1d§j
+afabbk N
Va=1,..,N,b=1,..,C. ©)

2.3. Phéin cum trén tip m& nang cao

Dé nang cao hiéu suat phan cum, ngoai
cac ky thuat can thiép vao dé sira ddi cac
thanh phén ctia ham muyc tiéu, mot hudng tiép
can khac cling dang dugc nghién ctru d6 1a ap
dung cac k¥ thuat phan cum dua trén cac tap
mo nang cao. Cac tdp mo nang cao nhu tap
mo loai 1, tdp mo loai 2, tap mo tryc cam va
tap mo vién canh. Dudi déy trinh bay mot s6
dinh nghia:

Tép mo truyén théng dugc dinh nghia bai
Zadeh (1996) nhu sau:

Pinh nghia 1. Mot tip mo dugc dinh
nghia nhu sau:

A= {(a,yA(a))Wa € X,
pi(a) € 0,17},

trong d6 X 1a tap nén khong rong, u i) 1a
do thudoc cia x € X.

Tap md vién canh dugc dé xudt boi tac gia
Bui Cong Cuong (2014) dya trén viéc mo
rong tap mo Zadeh.

(10)
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Pinh nghia 2. M6t tap mo vién canh duoc
dinh nghia nhu sau:

A = {(a, pp(@),ny(), y4(@))]a € X}, (11)
trong 516 X latap nén khong réng, Hala) 12
do khang dinh, 7 4(a) 151‘d(f) doduvay,(a)la
d6 phu dinh ctiia modi phan tir « € X.
Cac rang budc:
0 S #A(a)7 '7,4(0‘), yA(a) S 17
0 < pp(a) +ny(a) +yq(a) < 1. (12)

Mic d6 tir chdi cia mot phﬁn tir duoc tinh
nhu sau:

Eala) =1 = (Hal@) + n4(@) +7,4(0). (13)

Néu &,(a) = n (a) =0 thi tap md vién
canh trd thanh tap mo truyén thong.

Phwong phip phan cum mé vién canh
(Picture Fuzzy Clustering - FC-PFS)

Trong mdt nghién ciru gan day, nhom tac
gia (Thong & Son, 2016) di dé xuit mot
phuong phap phan cum duya trén tip mo vién
canh FC-PFS. Phuong phap nay c6 ham muc
tiéu duoc xac dinh nhu sau:

N C
Juned = Z Z(Mab(z — &) d gy’
a=1 b=1
N C
+ 30 Y Hapl0g fgy + &) — Min.  (14)
a=1 b=1

Céc rang budc:
0 < HapsNapr Eap < 1,1 Sa< N, 1<bh<C,

0 < gy + Mgy + Eap < 1 (15)
o
> hap@—Ep)=11<a<N;  (16)
b=1

c 1
Z(ﬂab +=ép=11<a<N. (17)
b=1 C

Str dung phuong phap nhan tor Lagrange
cac tac gia da xac dinh gia tri tdim cum va cac
do thudc nhu sau:

— Tam cum:
SN (2= E"X,

v, = == . (8)
PTOEN (U2 E))
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— Cac d0 thuoc:

1
Hap = . (19)

2
(2= &) T G oD

e .
Nap = m < -= Z fak) (20)

— b0 tir chéi:
5ab =1- (iuab + nab)
1
- (1 - ('uab + nab)g)ﬁ’ (21)

trong do6 hé 6 mil diéu khién do tir chdi duoc
ky hiéula 6 voi 6 € (0,1).
2.4. So d thuit toin

Nhin chung, cac thuat toan phan cum mo
déu c6 tu tuong nhu sau: dau vao xut phat tir
cac tap du liéu va cac tham $0, yéu cu diu ra
tim tdm cum V' va ma tran cac do thudc U.
So d tong quat thudt toan nhu sau:

/ Die liéu va cic tham s6 /

Hinh 1. So' d6 thuét toan

Thuat toan s& tién hanh lap cho dén khi
thoa man diéu kién dimg: s 1an lap 16n hon
mot ngudng nhit dinh hoic khoang cach giita
tAm cum cua hai lan lip lién tiép nho hon mot
ngudng cho trude.
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3. UNG DUNG VAO PHAT HIEN SAT
LO TU ANH VE TINH
3.1. Piéu kién thyc nghiém

Cac phuong phap FCM, SSFCM va FC-
PFS duoc cai dat trén may tinh Lenovo 16Gb
Ram, Chip Intel core 15. DU liéu anh thuc
nghiém dugc lay tai dia  chi:
http://gpcv.whu.edu.cn/data/Bijiepages.html

Bai bao nay str dung cac tiéu chi sau dé so
sanh hi¢u nang cua cac thuat toan: (i) Po
chinh x4c phan cum (Gan va cs., 2019) gia tri
cao hon dem lai két qua tdt hon, c6 don vi
tinh 1a phan trim (%); (ii) Thoi gian chay
thuat toan: thoi gian cang nho thi cang tot,
don vi tinh 1a gidy (s).

3.2. Két qua thye nghiém

Thuc nghiém trén 20 anh trong bd dit li€u
anh v¢ tinh sat 16, chuong trinh cua ching t6i
chay 20 14an cho mot anh va khéi tao nhén cho
20% diém anh ngiu nhién (sat 16/khong sat
10), 80% diém anh con lai chwa duoc duoc
gan nhan. Trong 20% diém anh dugc gan
nhan, chung t6i chay thuc nghiém voi )
lugng nhan sai lan luot 1a 0%, 10%, 20%,
30%. Cudi cung, chung t6i tong hop két qua
chay chuong trinh trén b dit liéu anh v¢ tinh
dbi cac phuong phap FCM, SSFCM, FC-PFS
nhu Bang 1 dudi day:

)

Bing 1. Két qua thwe nghiém
FCM SSFCM FC-PFS

Phwong
phap

Do chinh xac 56.45

phén cum

(%)

Thoi gian

chay thuat
toan (s)

60.12 80.25

107.30 120.58  219.43

Theo Bang 1, xét vé tiéu chi P§ chinh
xac phan cum thi phuong phap FC-PFS c6
dd chinh xac phan cym tdt nhat, tiép theo
dén phuong phiap SSFCM va cudi cung
phuong phdp FCM c6 d6 chinh xac phan
cum thép nhat. Ti 1& do chinh xéc phan cum
cta FC-PFS dbi v6i FCM la 1.42 va d6i véi
SSFCM la 1.33. Xét vé tiéu chi Thoi gian
chay thuat toan thi phuong phap FCM cé
thoi gian chay thuat toan tot nhét, sau d6 dén
phuong phap SSFCM va cudi cung la
phuong phap FC-PFS. Ti 1¢ thoi gian chay
thuat todn cia FCM d6i v6i SSFCM 1a 0.89
va ddi v6i FC-PFS 1a 0.49.

Két qua thu duge sau khi sir dung cac ky
thudt FCM, SSFCM va FC-PFS cho 03 anh
gbc (anh 1, anh 2 va anh 3) trong tong sb 20
anh thuc nghiém, dugc trinh bay bdi cac Hinh
2, Hinh 3 va Hinh 4 dudi day:

2 S ; X 4 o

Hinh 2. Két qua phan cum anh 1: a) Anh gbc; b) FCM; ¢) SSFCM; d) FC-PFS

a)
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©) d)
Hinh 3. Két qua phan cum anh 2: a) Anh goc; b) FCM; ¢) SSFCM; d) FC-PFS
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Hinh 4. Két qua phan cum anh 3: a) Anh goc; b) FCM; ¢) SSFCM; d) FC-PFS
4. KET LUAN

Trong cac anh géc, céc khu vuc dat dé sat 1o
1a nhitng khu vuc c6 mau nau dic trung cua dat
d4 sat 10. Trong cac anh két qua, khu vuc dat d4
sat 16 dugc xac dinh la nhitng khu vic c6 mau
tring sang. Trong anh vé tinh sat 16 c6 thé chira
cac d6i twong;: dat da sat 10 (twong timg do thude
— positive), dat d4 binh thuong (twong tmg
khong thudc — negative) va cdy xanh (twong
g d6 do dy — neutral), cting v6i mot s6 nhiéu
khéc (twong (g do tir chdi — refusal). Mot doi
tuong trén anh c6 thé thudc vé mot trong bon
loai trén véi d6 thude khac nhau.

Nhin chung, ¢6 thé thay khu vuc dat da binh
thudong va khu vuc sat 16 qua anh vé tinh cé
nhiing diém twong ddng nhat dinh, dic biét la
vé mau sic nén rat kho nhén ra (déu c6 mau sic
trang sang). Co thé thiy rd diéu nay trong hinh
minh hoa: nhiéu khu vuc sat 1& duge phét hién
nham, dic biét 1a cac khu vuc duge x4c dinh
bang phuong phap FCM. Tuy nhién, cac khu
vuc sat 16 thuc sy da duoc phat hién, tr d6 kip
thoi danh gia cac giai phap phong tranh, khic
phuc hau qua cta thién tai. Nhu thé hién trong
cac hinh anh két qua, c6 thé nhan thay phuong
phap FC-PFS dem lai két qua phat hién sat 1o
chinh xac hon cac phuong phap FCM va SSFCM.

Phuong phap phan cum m¢ vién canh FC-
PFS dem lai két qua phan cum tot hon so véi
cac phuong phap FCM va phuong phap
SSFCM, déc biét trong truong hop dit li¢u chira
nhidu nhu anh vé tinh thudng c6 1an may mu,
swong, v.v.. Trong d6 mdi phan tir dit lidu co
thé duoc gan tuong Ung voi mot trong bon
thudc tinh clia thp md vién canh: do thuoc, do
khong thugc, do trung 1ap va do tur chéi cia mot
phan tir d6i véi cac cum. _Khéc véi tap mo
truyén thng, viéc tap mo vién canh c6 thém cac
thudc tinh nay c6 thé mang lai hiéu suat t6t hon
cho qua trinh phan cum.
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Bai bao nay gidi thiéu mot sb phuong phap
phan cum mo va tmg dung cho bai toan phat
hién sat 16 tir anh vé tinh. Vi két qua thu duoc
khi thtr nghiém bang cac hinh anh dit liéu cho
thay, cac phuong phap duoc gidi thiéu co thé ap
dung dé giai quyét bai toan phat hién cac khu
vuc sat 16 trong anh vé tinh. Dién hinh la
phuong phap phan cum dua trén tap mo vién
canh FC-PFS c6 két qua do chinh xac phan cum
cao, dem lai hinh anh phat hién sat 16 twong dbi
1 rang. Piéu nay rat hitu ich cho cac cac to
chirc va ca nhan lam viée trong linh vuc phong
chéng thién tai, rat ngan thoi gian tim kiém,
phat hién sat 16. Qua d6 nhanh chéng duara cac
quyét dinh va giai phap nhim ngan chin nhiing
thiét hai c6 thé xay ra vé ngudi va tai san.
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