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 LOC THICH UNG ANH SAR PA THOI GIAN _}
DUATREN VIEC XAC PINH CAC VUNG ON PINH VA THAY POl

LE THU TRANG, Truong Dai hoc Mé - Bja chat

Tom tat: Bai bao gidi thiu mér phurong phap loc thich #ng cho céc chudi dnh Radar khdu
dé tong hop (SAR) dya trén vi¢c phan tich s thay doi theo thoi gian cia cdc doi twong trén
danh. Truoc tién, tai mai vi tri pixel trén danh, hé sé bién thién (CV) dwoc Kiém tra chéo dé tao
ra cac ma tran phat hién su thay déi (CDM), trong dé c6 chira cdc théng tin (thay déi hodac
khéng thay doi) cua cac pixel theo thoi gian. Sau @6 cac CDM nay cung cdp cho bé loc cac
pixel thich hop cho méi v; tri trén mdi dnh dé tinh toan cac gia tri loc. Phiong phdp dé xudt
dwoc minh hoa trén mgt chudi anh gom 25 dnh TerraSAR-X qui dao di Ién, thu nhdn tir
6/11/2009 d@én 25/9/2011 trén ving thiz nghiém Chamonix-Mont-Blanc, Phap.

1. it van dé

Trong thap ki gan day, viéc phong cac vé
tinh thé hé moi cho phép thu nhan cac chudi
anh Radar khau d6 tong hop (SAR) theo thoi
gian ¢6 chu ky l3p ngan va do phan giai cao, rat
hitu ich trong viéc quan sat va theo ddi su bién
ddi cua trai dat. Mot trong nhitng van dé gay
kho khin cho viée doan doc anh SAR bang mat
cling nhu ty dong do6 1a nhidu dém (speckle) -
ton tai trong cac hé théng thu nhan tin hiéu nhat
quéan. C6 rat nhiéu phuong phép loc nhidu dém
da duoc dé xuat cho anh don SAR (céc phuong
phép chi stir dung cac théng tin khéng gian cua
anh) [1, 2]. Vi céc dir liéu anh da thoi gian, ca
thdng tin khong gian va thoi gian déu co thé
duoc khai thac dé nang cao két qua cho viéc loc
anh SAR ciing nhu cho cac tng dung khac. Hau
hét cac bo loc da thoi gian déu dugc mé rong tir
bo loc khong gian [3, 4]. Cac bo loc nay déu gia
thiét rang tai cing maot vi tri khong gian, cac
pixel trén cac anh khac nhau cua chudi anh
khong thay d6i theo thoi gian va tit ca ching
déu co thé tham gia vao qué trinh loc anh. Trén
thuc té thi gia thiét nay khong phl hop vi cac
d6i twong trén mat dat khéng on dinh trong toan
bo chudi anh. Dé giai quyét van dé nay, bai bao
dé xuit mot phuong phap loc anh thich ung
theo thai gian cho cac chudi anh SAR trén co s&
tich hop véi ky thuat phat hién thay doi.
Phuong phap nay dua trén sy phéat hién cac
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vung thay déj va khong thay d6i théng qua viéc
kiém tra h¢ so bien thién (CV).

2. Quy trinh lgc chudi anh SAR theo théi gian

Goi I={l .}, 12 mot chudi anh theo
thoi gian bao gom N anh SAR da duoc ding ky
trong cling mot hé thong toa do, trong do |, biéu
din tim anh thu nhan tai thoi diém t. Goi
1(i,j) 1a pixel tai vi tri (i, j) trén anh I, va
1*(i, j) 1a cira s6 phan tich chira cac pixel 1an
can caa 1,(i, j). Goi {I,(i,j)}..., 2 cot pixel,
day 1a mot vector bao gdm tat ca cac gia tri
pixel trén cac anh cua chudi anh tai cing moét vi
tri khéng gian. Xét chudi anh |, phuong phap dé
Xuat bao gom ba budc nhu sau: 1) Phan tich cap
anh (hai ngay); 2) Phan tich da anh (nhiéu
ngay); 3) Loc anh da thoi gian (xem hinh 1).
2.1. Phan tich cgp anh (hai ngay)

Pé xac dinh cac pixel thay d6i va khong
thay ddi trong mdi cot pixel, ma tran phat hién
thay d6i (CDM) duogc xay dung. Ma tran nay la
két qua cua céc phép kiém tra chéo vé hé s
bién thién giira cac cap anh.

Su kiém tra hé s6 bién thién gitra cac anh
nham xac dinh cac pixel dong nhat trong chudi
anh theo thoi gian. Thuc vay, hé sé bién thién la
ty s6 gitra @ leéch chuan vai gia tri trung binh
cta anh bi nhiéu 1, , d6 1a, CV =0, /u, -
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Hinh 1. So' d6 quy trinh loc chudi dnh SAR theo thoi gian

~ Tai vi tri (i, j), xét hai pixel cua hai ngay
bat ky t, k trong cdt pixel, ta co:

H G 3)= OV GG g . @
voi HY (i, j)1a do bién thién gita pixel 1,(i, )
va pixel 1, (i, j). Ngudng A sau d6 duogc sir dung
dé xac dinh xem liguH} (i, j)chi biéu dién
nhiu dom hay chura ca cac thong tin vé su thay
doi gitra céq pixel. Ta biét rang do Iéqh chuﬁ’n
cua nhiéu dom trong ving hoan toan dong nhat
doi voi anh SAR bién d0 L-looks la
o, =0.5227//L [5]. Néu mat dit hoan toan
dong nhat thi CV =¢_ ; nguoc lai, néu né bién
doi thi CV > .Bai bdo nay sir dung ngudng
thich tng sau:

i j)=o,+6(ij) ()
trong d6, 8(i, j) 1a mot gia tri nho biéu thi
khoang dao dong nho ctia ngudng A, duoc trich
tir [S]. Nguong thich wng ldc nay sé la:

1+ 202
Mii)=no+o o8 Q)
2n(i, j)
véi n(i, j) 1a sb luong mau tham gia trong phép

kiém tra d6 bién thién, n la tham so h¢ thdng
xéac dinh do muot, gia tri n thuong gan bang 1.0
[5].

Khi do6, cac thong tin vé su thay doéi dugc
xac dinh nhu sau:

L |oneum ) <de 1 (i) e (17 (1))
Dii)=y
LnéuH), (i.j)> A1) (1,])95?’(1?’ (z,]))
trong do, Y’(Itw(i, j))la tap hop chua cac pixel
dong nhit vaéi pixel 1, (i, j). Ma tran D duoc goi
la ma tran phat hién thay doi buoc-1 (CDM1).
bay 1a mot ma tran doi xtng c6 kich thusce
NxN, chira cac gia tri 0 va 1, trong d6 0 biéu thi
"khéng thay doi™ con 1 biéu thi "thay doi".
2.2. Phén tich da anh (nhiéu ngay)

Nhémﬂ muc dich néng cao két qua Cua buoc
1, viéc kiém tra hé so bién thién‘duqc tiep tuc
thyc hién voi cac pixel cua nhieu ngay trong
chuoi anh. Tat ca cac pixel dong nhat da xac
dinh trong CDM1 tuong g v&i tung cap pixel
tham chiéu duoc sir dyng lam mau kiém tra
trong budc nay. Do bién thién giira ‘P(It (,j))

va w(11(, })) 1
A 0= v (G DR 200G Dy ©)

va dem so sanh vdi ngudong A , ta c6 CDM nhu
sau:
< [0, Neu HY(i,j)<4
Dtﬁ(|,1)={ . . (6)

1, Neu HY(i,j)>2

ma tran D duoc goi 1a ma tran phat hién thay
d6i budc-2 (CDM2).
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2.3. Loc dnh da thoi gian

Sau budc 2, cac ma tran CDM cung céap
nhitng thdng tin tin cay vé cac pixel thay doi va
khong thay ddi trong ting cot pixel. Bo loc dya
trén CDM duogc dé xuat sau day sé tap hop cac
pixel khong thay ddi va lay tri trung binh cua
ching lam gia tri anh loc.

ﬂ(i,j):ﬁ P ssinono
v (i, | k=1

véi N (i j) la s6 luong cac phan tir trong tap
t\h

hop #(1(i, ).

3. Két qua thuc nghiém
3.1. Da ligu vung nghién ciru

Phuong phap dé xuat duoc minh hoa trén
mot chudi anh gom 25 anh TerraSAR-X qui dao
di 1én, d6 phan giai 2m, thu nhan tir 6/11/2009
dén 25/9/2011 trén ving thir nghiém Chamonix-
Mont-Blanc, Phép. Hai khu vyc dac trung dugc
nghién ctru d6 la: khu vuc bai dau xe Grands
Montets va khu wvuc bang dich chuyén
Argentiére, bao gom nhiéu dang thay ddi khéc
nhau nhu viéc xuit hién va roi di cua cac xe
trong bai dau xe, su bién doi cua bé mat bang,
V.V. (Xem hinh 2).

(©)

(d)

Hinh 2. Khu virc thuc nghiém. (8), (b): Bdi ddu xe Grands Montets. (c), (d): Ving bang Argenticre.
(@), (c): Anh két hop mau (Do: 07/06/2011; Luc: 18/06/2011; Lam: 29/06/2011).
(b), (d): Anh quang hoc.
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3.2. Két qua lgc thich rng theo théi gian

Bai b4o nay &p dung ctra s phan tich téi
thiéu (bao gdm pixel trung tam va bén pixel 1an
can nod) khi st dung cac thong tin khong gian.
Véi nhitng ving dong nhat, vi du nhu bai co,
hinh 3 (a) va (b) cho thiy ring bo loc d& xuit c6
thé phat hién cac pixel khong thay doi trong
ting cot pixel mét cach hiéu qua. CDM2 phét
hién nhiéu pixel khong thay doi va chinh xac
hon CDM1. Biéu d6 cac gia tri pixel cua chudi
anh loc khi sir dung CDM1 va CDM2 trong
hinh 3 (c) kha tuong quan véi biéu d6 caa chudi
anh gdc, nhung pham vi dao dong cua cac gia
tri pixel bién @6 trong chudi anh loc dugc giam
xubéng nhiéu va qua d6 cho thay nhiéu dém

(@) (b)

cling giam di dang ké.

Trong trudng hop déi twong xuat hién tach
biét, vi du nhu mot chiée 6 t6 trong bai dau xe,
khi d6 chi c6 mot ngay (trén mot tim anh duy
nhat) ddi twong d6 xuat hién tai mot vi tri nhat
dinh. Pixel tai vi tri dbi twong xuat hién trong
ngay do6 hoan toan khac biét so vai cac pixel
con lai trong cot pixel. Sau qua trinh loc, gi tri
pixel cua d6i tuong d6 s& dugc bao ton, xem
minh hoa trén hinh 4. Trong hinh 5, viéc giam
nhiéu dém & anh loc giGp ching ta nhin thay rd
rang cac chi tiét trong bai dau xe vai nhing 6 t6
nho, ma trudc d6 chung ta khong thé nhan biét
duoc trén anh géc.
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Hinh 3. Ma trgn phat hi¢n thay doi (a) CDML, (b) CDM2 va (c) biéu do gia tri pixel trong chugi anh theo
thoi gian tai pixel trong viing dong nhat
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(a) (b)°
Hinh 4. Ma trdn phat hién thay dsi (a) CDM1, (b) CDM2 va (c) biéu do gia tri pixel trong chudi anh theo

thm glan tai pixel cia doi twong Xuat hi¢n tach bigét

, (b)
) Hinh 5. Két qua loc anh tai ving thuc nghiém bai dau xe.
(a) d@nh goc (27/08/2009), (b) dnh loc siz dung CDM1, (c) danh loc s dung CDM2

(@)

Original TS

(©)

(©
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(a) - (Vung nui da)  (Vung bang)

Hinh 6 chi ra mot dac tinh tha vi khac cua
bo loc nay, d6 1a né loai bo nhidu dém tai nhiing
ving khong thay doi nhung hau nhu khong loc
tai nhitng vung dich chuyén nham bao ton
nhitng théng tin thay d6i cua chudi anh. Trén
ving nuai d4 it thay doi, nhidu dém giam di o
rét, trong khi d6 tai ving bang dich chuyén, anh
gdc va anh loc trong twong tu nhau. Tai ving
nay, cac gia tri pixel cia bang trong chudi anh
theo thoi gian thay d6i tir ngay nay qua ngay
khac va timg diém trén bé mat bang dich

( (b) - (Vung nti da) )
Hinh 6. Két qua loc anh tai vung thuc nghiém bang Argentiére (03/09/2011). (a) anh goc, (b) anh loc

(Vung bang)

chuyén nhiéu hon mot pixel giita cac ngay thu
nhan anh khac nhau (cach nhau 11 ngay). Do
vay, bo loc phat hién rat it nhitng pixel khdng
thay doi dé sur dung trong qué trinh loc anh.
3.3. Danh gia hoat déng ciia bg loc

Su hoat dong cua mét bo loc da thoi gian
duoc danh gia thong qua viéc l1am giam nhiéu,
viéc bao ton cac théng tin khong gian (ciu tric,
canh (bién), kich thudc, v.v...) va cac thong tin
thoi gian (su thay ddi cua cac d6i twong) cua
anh géc.

Bang 1. Chi sé chdt lirong anh

No ENL BRISQUE
Anhgéc | Anh QF |Anh CDMF| Anh QF | Anh CDMF
1 0.93 2.71 12.43 34.32 29.76
2 0.89 2.80 12.28 33.51 29.63
3 0.87 2.78 13.55 36.12 28.58
4 0.88 2.64 13.64 34.21 28.98
T s el I o e e
12 0.87 2.56 13.84 33.31 27.15
13 0.92 2.78 13.42 34.23 26.75
14 0.93 2.71 12.38 35.28 27.95
e o e s s s
23 0.94 2.87 13.40 34.37 27.79
24 1.02 3.27 12.93 35.59 28.30
25 0.88 2.68 13.28 33.65 27.09
Trung binh 0.92 2.28 12.76 34.49 28.37
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Viéc bao tén cac thong tin thay doi theo thoi
gian trong chudi anh sau khi loc d dugc chung
minh qua cac két qua thuc nghiém néu trén. Dé
danh gia kha ning giam nhidu dém va bao ton
céc thong tin khong gian, bo loc dé xuat dugc so
sanh véi mot bo loc da thaoi gian khac do Quegan
et al dé xuat [3] thong qua chi sé ENL (s6 luong
look twong duong) va chi sé6 BRISQUE (tham
dinh chit lugng khéng gian caa anh khong can
tham chiéu) [6]. Chi s6 BRISQUE ¢4 gia tri tir 0
dén 100 va 0 thé hién chét luong tét nhat. Bang 1
biéu dién cac chi s6 ENL va BRISQUE cua
chudi anh theo thoi gian duoc loc béi bo loc cua
Quegan (QF) va bai bo loc dé xuat dya trén
CDM (CDMF). Céc chi s6 ENL cua chudi anh
CDMF tiang dang ké so véi chi s6 caa chudi anh
gdc va cao hon cua chudi anh QF. Cac chi s6
BRISQUE cua chudi anh CDMF dat mirc do t6t
va tt hon so vai két qua cua chudi QF.

4. Két luan

Trong bai bao nay, moét phuong phap mai
vé loc thich tng theo thoi gian cho chudi anh
SAR duoc dé xuét dya vao viéc xac dinh céc
pixel thay doi va khong thay d6i trong chudi
anh theo thoi gian. Két qua thuc nghiém da cho
thdy rang phuong phap dé xuat lam giam nhiéu
d6m mot cach dang ké, dong thoi ciing bao ton
dugc cac dic diém chi tiét (nhu bién, cac yéu to
thay d6i) cua chudi anh gbc. Bo loc c6 rét it tac
dong 1én céac ving dich chuyén. Uu diém nay
cho phép loc cac anh trén cac khu vic bao gom
ca ving 6n dinh va vung dich chuyén ma khdng
bi mat di cac dic tinh cua ving dich chuyén
(diéu nay rat quan trong trong viéc theo ddi sy
bién d6i cua ching) va ddng thoi lam giam

nhidu dém tai nhitng vaing khac trén anh.

Két qua cua nghién ctu ndy mé ra nhiéu
g dung khéc trong viéc phan tich su thay doi
da thoi gian dya trén cac CDM. Theo d96, thong
tin tir cic CDM c6 thé gitp thanh lap ban db
bién dong da thoi gian, ciing nhu phéan loai anh
theo khéng gian va thoi gian.
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SUMMARY
Adaptive Multitemporal SAR Image Filtering
Based on the Detection of Changed and Unchanged Areas
Le Thu Trang, Hanoi University of Mining and Geology

This paper presents an adaptive filtering approach of Synthetic Aperture Radar (SAR) image
times series based on the analysis of the temporal evolution. First of all, change detection matrices
(CDM) containing information on changed and unchanged pixels are constructed for each spatial
position over the time series by implementing coefficient of variation (CV) cross tests. Afterwards, the
CDM provides for each pixel in each image, an adaptive spatio-temporal neighborhood which is used to
derive the filtered value. The proposed approach is illustrated on a time series of 25 ascending
TerraSAR-X images acquired from November 06, 2009 to September 25, 2011 over Chamonix-Mont-
Blanc test-site which includes different kinds of change: parking occupation, glacier surface evolution,
etc.
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