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Bai bdo nay trinh bay phwong phdp phdt hién thay déi tir dnh RADAR dé mé
téng hop da thoi gian (SAR) dwa trén phép do do twong ddng thdng ké dé
xdc dinh viing ngdp lut. Tte cdc san phdm dnh Ground Range Detected (GRD)
da thoi gian cua vé tinh SAR Sentinel-1 dwoc ghi nhdn vao cdc thoi diém
trwor, trong va sau dot lii do dnh hwéng cua bdo Damrey thdng 11 ndm
2017 tai thanh phé Hué va mdt phdn huyén Hwong Tra (Thira Thién Hué),
nhirng thay déi trén mdt ddt do lii lut gdy ra dworc phdt hién dwa trén khodng
cdch Kullback-Leibler giita hai phdn bé Log-normal. Cdc két qud phdt hién
viing ngdp lut da dworc ddnh gid khi so sdnh véi cdc mau kiém chieng ldy tir
dnh quang hoc PlanetScope dj phdn gidi 3 m, va dat dj chinh xdc tong thé la
87,3%. Cdc thdng tin thay doi dwoc chiét xudt tir dnh SAR da thoi gian sau
do c6 thé dwoc khai thdc cho nhiéu muc dich nhw thanh Igp bdn dé viing
ngdp lut, phan tich, thong ké vung bi dnh huéng, v.v..

© 2018 Truwong Dai hoc M6 - Bia chit. T4t ca cac quyén dwoc bao dam.

1. Mé& dau

et al., 2002), v.v.,, dén cac thay déi v4i dién bién
cham nhw x6i mon (Amitrano et al, 2015), cac

Vién tham tir 1u da tré thanh mot cong cu
hitu ich dé nghién ctru tai nguyén thién nhién va
moéi trwong. Trong d6, rat nhiéu nghién ctiu vé
giam sat va phat hién thay doi trén bé mit st dung
dit liéu RADAR d6 mé tong hop (SAR) da duoc
thuc hién trén thé gidi. Tl cac thay d6i bé mat dién
ra nhanh chéng do thién tai, do sw tan pha ctia con
ngwoi nhu: 1d lut (Dellepiane and Angiati, 2012),
song than (Chen and Sato, 2013), phun trao nui
Itra (Le et al., 2015), pha rirng, chay rirng (Leblon
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thay d6i theo mua véi sy phat trién, ting trwdng
cta thuc vat (Bouvet et al. 2009), hay sy mé rong
khong gian dé thi/néng nghiép (Gar-OnYeh and
Qi, 2015), v.v. Cac thay ddi, bién dang do chuyén
déng bé mat cling dwgc nghién ctru réng rai nhu:
trwot 16 dat (Colesanti and Wasowski, 2006),
déng dat va dit giy, sut lin (Brunner et al., 2010),
v.v. SAR 1a mot phwong phap ghi nhan hinh anh
cht déng, né phat ra nguén ning lwong birc xa
riéng trong dai séng microwave. Vi vay cac hé
thong SAR c6 thé hoat dong trong moi thoi diém
vamoi diéu kién thoi tiét, c6 thé xuyén qua may va
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cac con bio dé thu nhan hinh anh cac déi twong
trén Trai Dat. So sanh vé&i cic hé théng ghi nhin
anh quang hoc thu déng ta thiy cac hé thdng nay
phu thudc vao anh sdng mat trdi hodc cac birc xa
nhiét dé ghi nhin hinh anh. Hon nita, lwvong may
che phti c6 thé can tré sy thu nhin anh, béi anh
sang mat troi bi phan xa béi nhitng dam may va
dwoc ghi lai trén cac b cdm quang hoc. Hai diéu
nay giy han ché dang ké trong viéc quan sat Trai
DPat véi cac bé cdm thu dong. Chinh vi vay, cac hé
théng thu nhan dnh SAR c6 loi thé dang ké so v&i
cac ky thuét stir dung anh quang hoc truyén théng,
chiing rat thich hop véi cdc nhiém vu gidm sat bé
mat Trai Dat.

Viét Nam nam trong ving can xich dao, véi
khi hiu nhiét déi 4m gi6 mua, c6 lwong may che
phu trung binh hang ndm rat cao, dic biét la thoi
diém c6 bio, vi vay viéc st dung cac loai anh vé
tinh quang hoc luén gap khé khan. Trung binh
hang nam noi day phai hirng chiu hang chuc con
bio va ap thip nhiét déi, dic biét trong nam 2017,
Viét Nam da c6 16 con bao va 4 ap thip nhiét doi
(Bao Nhan dan dién tr, 2017), v&i rat nhiéu con
bio manh nhw Talas, Damrey, Kirogi, v.v. Dau
thang 11/2017, Damrey - mot trong nhitng con
bio manh nhat d6 bd vao Viét Nam nam 2017, giy
anh hwéng trén dién rong tir Thira Thién Hué t&i
Binh Thuén va cic tinh Tay Nguyén, véi toc do gio
l1én t&i 177 km/h. Pay la con bio giy hau qua
nghiém trong nhit ké tir nim 2001, da lam 106
nguoi chét, 16 ngwoi mat tich va 315 ngwoi bi
thwong, giy thiét hai kinh té 1én t&i 22.000 ty dong
(Bao Nhan dan dién ttr, 2017). Viéc xac dinh ving
ngap lut 1a mot viéc hét strc can thiét nham danh
gia thiét hai va tic dong cua It lut dén doi séng cla
con nguoi cling nhw doi véi moi trwong. Ngoai ra,
pham vi ngap lut tai mot ving dwoc xac dinh tir
cac dot thién tai trwdrc dé cling hitu ich trong viéc
dw bdo anh hwéng cia bao lut trong twong lai,
gitp ich cho qué trinh phong hd trwéc nhitng dot
ngap lut 16m, tranh dwoc nhitng hau qua nghiém
trong. Mot s6 nghién ctru vé ngép lut & Viét Nam
tlr anh SAR ciing dwgc thwe hién (Pham Quang
Son, Bui Pirc Viét, 2001; Tran Van Anh, 2011;
Tran Kim Chau, 2017; Nguyen, 2016), nhwng cac
nghién ctru nay chi yéu st dung phwong phép so
sanh sau phén loai véi viéc ng dung cac phan
mém da duoc trang bi sdn mot s6 thuat toan, hodc
phén tich hé s6 tan xa ngworc cia nh SAR (yohodc
Bohodc 0y) d€ tim ra moi lién hé gitra hé s6 nay véi

bé mat khi c6 nwéc va khéng cé nwée. Tuy nhién,
cac phuong phap so sanh sau phan loai c6 do
chinh xac phu thudc vao phwong phap phan loai
str dung va khong linh hoat khi d6i twong can phin
biét chi la vung ngap nwéc do 1i lut chir khong
phai toan bd cac 16p phi bé mat. Phwong phap
phéan tich hé s6 tan xa ngwoc phai st dung rat
nhiéu dir liéu b6 trg nhw myrc nwére trung binh cta
khu v, sw thay doi muc nwée theo thoi gian va
theo viing ctia khu vire nghién ctru, mo hinh sé do
cao hodc mo hinh s6 dia hinh, ban d6 s dung dat,
v.v. Ngoai ra, phwong phéap nay cling mit thoi gian
dé c6 nhirng phan tich thi cong vé mai lién hé gitra
hé s6 tan xa ngwoc cla cac 1ép phi mat dat véi sw
thay d6i muc nuée (Nguyen, 2016).

Trén thé gidi, cac thuit toan vé phat hién thay
d6i n6i chung va phat hién viing ngép lut néi riéng
tir anh SAR dang dwoc nghién clru sau, rong va
ngay cang hoan thién (Coppin et al., 2004). Nhu ta
da biét, khéng giong nhw déi voi dir liéu quang
hoc, anh khac biét (difference) gitra hai anh SAR
hAu nhw khong thé stir dung dé phat hién thay doi
do anh hwéng ctia nhidu d6m (speckle). Anh ty s6
(ratio) cho phép phat hién thay déi hiéu qua hon
anh khac biét nhung két qua thu dwoc cé sai s6
bao dong gia 16n va bi hiéu irng mo. Trén thuec té,
mot s6 mo hinh phin b6 dugc stir dung dé€ miéu ta
phan bo thdng ké cta dir liéu anh SAR, vi du nhw
ham Gamma, Gaussian téng quat hoa, Weibull,
Log-normal, v.v... Sau d6 cac phép do do twong
déng gitra cac ham phan bé cda anh tai cac thoi
diém khac nhau thwong dwoc st dung dé phat
hién cac thay déi trén anh SAR. Trong bai bdo nay,
vung ngap lut do con bdo Damrey giy ra tai Hué
vao thang 11 nam 2017 sé dwgc phat hién tir cac
san phdm anh GRD da thoi gian cla vé tinh SAR
Sentinel-1 bang cach st dung khoang cach
Kulback-Leibler (Kullback and Leibler, 1951).

2. Khu virc nghién ciru va dir liéu str dung

2.1. Khu vwc nghién ciru

Khu viee nghién ctru 1a thanh phé Hué va mot
phan ctia huyén Hwong Tra (Hinh 1). Thanh phé
Hué (107031°45” kinh Pong va 16°30’45” vi Bic)
nam & vi trf trung tAm cta dit nworc, trén truc Bac
- Nam ctia cac tuyén duong bd, duwdng sat, duwong
hang khong va dwong bién. Nam gan diy nui
Trwong Son, khu vire thanh phd Hué 1a dong bang
thudc viing ha lwu song Hwong va song Bo,
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¢6 do cao trung binh khoang 3-4 m so véi muc
nuwéc bién va thwong bi ngap lut khi dau ngudn
cta song Hwong (trén Day Truwdng Son) xdy ra
mua vira va 16n. Khu vire dong bang nay twong ddi
bang phang, tuy trong d6 c6 xen ké mot s6 doi, nui
thap nhw ndi Ngw Binh, P6i Vong Canh v.v.

Thi xa Hwong Tra c6 vi tri ndm & phan trung
tAm cta tinh Thira Thién-Hué, giap thanh phé Hué
vé phia déng. Trén dia ban thi xa c6 bo bién dai 7
km, c6 2 con song lén cua Tinh chay qua la song
B0 dai 25 km, song Hwong dai 20 km, ¢6 pha Tam
Giang rong 700 ha. Theo dia hinh, thi xa chia lam
3 vuing: Vung mién ndi va go doi, ving dong bang
va ban son dia, va viing ddm pha va ven bién.

Sau tran bao Damrey thang 11 nam 2017, thi
xa Hwong Tra c6 khoang 2.900 nha bi ngdp nwérc,
do6 sau ngap tir 0,2-0,8 m. Tai thanh phd Hué, hon
80% tuyén dwong bi ngip. Cac tuyén dwong khu
vuc Bac song Hwong nhw dwong Van Xuan, Chi
Ling, Bach Pang, Mai Thuc Loan.... ngap binh quin
0,5-1,3 m; cac tuyén dwong khu viee Nam song
Hwong nhw dwong Hung Vwong, Trwong Chinh,

Tran Quang Khai, BEn Nghé, Pong Pa... ngip binh
quan 0,6-1,2 m. Nhiéu tuyén giao thong lién x3,
huyén bi nuwéc lii chia cat, trong d6 duwong di hai
huyén mién ndi A Lwéi va Nam DPong bi sat 1&
nghiém trong, hon 100m dé bién tai xa Vinh Hai
(huyén Phu Léc) bi vé. VE thiy san va ciy trong,
tai thi xa Hwong Tra c6 hon 20 ha rirng va hang
tram ciy cao su bi d6; 12 ho ca ctia ngwoi dan tai
x4 Hong Tién, Hwong Binh bi nwéc 16n d6 vé lam
vorho; 1216ng ca bi troi do dirt day neo; 120 harau
mau cac loai bi ngdp ung (Bao méi dién ti, 2017).

2.2. Dir liéu str dung

Dit liéu str dung gobm 03 canh anh Sentinel-1
da thoi gian dwgc thu nhdn vao cdc ngay
14/10/2017 (t; - thoi diém trwdc khi xay ra ngap
lut), 07/11/2017 (¢; - thoi diém dang xay ra ngip
lut) va 13/12/2017 (t3 - thoi diém sau khi xay ra
ngap lut). Pay la cac san phdm anh GRD (Ground
Range Detected) véi d§ phén gidi 5 m x 20 m
(tamx phwong vi), phin cwc VV, quy dao di xudng
(Hinh 2, 3,4).
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Hinh 2. Anh Sentinel-1 khu vurc nghién civu ngay 14/10/2017 (théi diém t; - truedc khi xdy ra ngdp lut).

\),

Hinh 3. Anh Sentinel-1 khu vurc nghién ctru ngay 07/11/2017 (thoi diém t; - trong khi xdy ra ngdp lut).
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San phadm anh GRD la san phdm bic 1 da dworc
xtr Iy nhw sau: Di liéu SAR thé dwoc diéu chinh
(focused) trong mat phang hinh hoc tAm nghiéng
dé thu dwoc cac san phidm s6 phirc don nhin
(Single-Look Complex - SLC). Sau dé, dir liéu SLC
dwoc xtr Iy da nhin va dwoc quy chiéu theo mat
phing thwc dia bang cich st dung md hinh
ellipsoid Trai DAt va chiéu cao dia hinh. Két qua
cda qua trinh nay la cac san phim thuc dia dwoc
phat hién bac 1 GRD. Cac thong tin chinh cta di
liéu anh SAR st dung trong bai bao nay dwoc néu
trong Bang 1.

Ngoai ra, dé hd tro cho viéc khao sat khu vuc
nghién ctry, gidi doan anh SAR va kiém tra két qua,
ching t6i str dung thém cac dir liéu bé tro sau: anh
quang hoc PlanetScope dé phan giai 3m, thu nhan
ngay 14/10/2017 (Hinh 5), m6 hinh s6 d6 cao
(Hinh 6) dwgc thanh lap tir anh ALOS-PALSAR, do
phén gidi 12.5 m (©USGS) va s6 liéu mye nwéce luc
9 gitr ngay 7/11/2017 (thoi diém ngép lut) trén
song Hwong tai Kim Long dat 2,82 m, dwéi bao
dong 31a 0,68 m.

3. Phwrong phap nghién ciru

Nhw da dé cap & trén, dé xac dinh ving ngip
lut tir &nh SAR da thoi gian, viéc cot16i 1a phat hién
dwoc su thay ddi gitra cac anh tai cac thoi diém thu
nhan anh truére va sau khi ngap lut. Phwong phap
hiéu qua dé xac dinh sw thay déi gitra cic anh SAR
da dwoc cong bo trén nhiéu tap chi cé uy tin vé
khoa hoc Trai D4t va vién tham 1a phwong phap st
dung do léch Kullback-Leibler (Kullback and

Leibler, 1951). Pay 1a mét phép do do twong dong
thong ké tir ly thuyét théng tin. Trong bai bao nay,
chiing t6i khai thac phwong phap nay dé xac dinh
vung ngap lut cia khu vuc thanh phé Hué va mot
phan huyén Hwong Tra.

b6 1éch Kullback-Leibler la moét tri do dinh
lwong sw khac biét gitra cic ham méat do xac suit
(Inglada and Mercier, 2007). Pay la mdt phép do
khong doi xtirmg vé sw khac biét gitra hai phan bd
X4c sudt Py va Py clia bién ngiu nhién X va Y:

Py (x)
K(X|Y)= [P, (x)lo (1)
Iv)=]Px 9 g( P, (y)
C6 thé thay rang K(X||Y)#K(Y]/X) (Inglada and
Mercier, 2007), vi thé dang doi x&ng ctia d6 léch
Kullback-Leibler dwoc xac dinh nhw sau:

dKL(X!Y) = dKL(Y! X) =%(K(XHY)+ K(YHX)) (2)

dk:. 1a khoang cach Kullback-Leibler (KLD),
dwoc str dung dé do do twong dong gitra cac phin
bd ctia hai anh SAR tai hai thoi diém khac nhau
nham phat hién thay déi trén bé mit. Sy thay d6i
trén thyc dia lam cho cac thudc tinh théng ké cta
cac anh da thoi gian cling thay d6i. KLD c6 thé st
dung dé xac dinh sw khac nhau vé hinh dang cia
cac ham mit do xac sult cuc bd clia cac anh.

Trén thuc t€, d€ mo ta cac vung khong dong
nhat, cdc ham phan bé thwc nghiém thwong duoc
str dung. Cac nghién ctru thwc nghiém coi nhiéu
dém khong dwoc phat trién day da va cac ham
phan b6 dwoc dinh nghia dwa vao két qua thuc
nghiém (Le, 2015).

Bdng 1. Cdc théng sé chinh ctia cdc dnh Sentinel-1 str dung.

DPic diém ky thuét Dir liéu Sentinel-1
Nha san xuit Co quan hang khong Chau Au (ESA)
Vé tinh Sentinel-1A
Ngay ra mat 3/4/2004
Quy dao vé tinh bi xudng
GOc toi 43.1°
Chu ky lap 12 ngay
Tan s6 anh C-band tai 5.405 GHz
Ché d6 chup W
Dang dit liéu GRD (Ground Range Detected)
Do phén gidi 5m X 20m (tdm X phuwong vi)
Phan cuc 'A%
Khu vure nghién ctiru Thanh phé Hué va mot phan huyén Hwong Tra, Thira Thién Hué
S6 lwong anh 3 anh
Thoi diém ghinhananh | 2017/10/14, 2017/11/07, 2017/12/13
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Hinh 5. Anh quang hoc PlanetScope d6 phdn gidi 3m, thu nhdn ngay 14/10/2017 ctia khu viec
nghién ctru (t6 hop mau gid).
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Hinh 6. M6 hinh s6 dé cao khu virc nghién citu (©USGS).
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Ap dung phan tich vé cAc mé hinh théng ké
phu hop véi dirliéu anh SAR trong nghién ctru (Le,
2015), ching toi da st dung KLD gitra hai phan bo
Log-normal dé do su khac biét gitra cic anh SAR
da thoi gian. KLD gitta hai ham phin b6 Log-
normal dwgc néu trong (Atto etal., 2013) nhw sau:

1
KLLogn(aX By Py ):_(ax —Qy )2

G °
—+— |+=| S +—=|-1
By B) 2\B B

Trong d6 ava Blan lwot1a tham sé ty 1é log va
tham s6 hinh dang ctia ham phéan bé.

Trén co s dd, ving ngap lut trén bé mat dwoc
phat hién tir anh SAR theo quy trinh phat hién
thay doi dwoc néu trong Hinh 7.

3.1. Thu thdp va tién xir ly dir liéu

Sau khi dworc Iwra chon va thu thap, cac dir liéu
sé duwogc tién x ly. Cac san phdm anh GRD
Sentinel-1 da dwoc hiéu chinh birc xa, chuyén doi
vé dang anh cwong do, dwoc xi Iy da nhin dé lam
giam nhiéu d6m va dwoc quy chiu vé mit phing
thwc dia dwa trén mo hinh ellipsoid Trai DAt
WGS84, vi vay cac anh SAR da thoi gian nay chi can
dwoc dong dang ki. Cong viéc nay dwoc thuc hién
b&i mé dun ENVI SARscape. Cac dirliéu bo tro thu
thap dwoc cling dwoc chuin hoa, dwa vé cung hé
toa do thong nhit véi nhau. Cac bwéc tinh toan
tiép theo dwoc thuc hién bang MATLAB

Thu thip dit liéu SAR da thot gian

l

Tién xtt Iy dit lidu

1

Phat hién thay d6i

|

Phan ngudng

l

Dénh gia dé chinh xdc

l

Bin db thay i

(v.9.0.0.341360 - R2016a).

3.2. Phdt hién thay do6i

Cac anh sau khi da tién xtr ly sé dwoc dung dé
phat hién thay déi giita cac thoi diém thu nhin
anh. Khoang cach KL gitra hai phan bd Log-normal
(Log-normal KLD) dwoc str dung dé tinh do twong
dong tai cac vi tri twong rng trén cac cdp anh (t1
va t2; t2 va t3; t1 va t3) theo coéng thirc (3).

b€ chirng minh hiéu qua ctia phwong phap
Log-normal KLD trong phat hién thay do6i trén anh
SAR, cac phwong phap tinh toan dd khac biét, tinh
ty sO va ty s6 trung binh cuc bé cling dworc str dung
dé phat hién thay doi va so sanh két qua.

3.3. Phan ngwéng

Vé&i muc dich tw ddng dwa ra quyét dinh phan
16p (thay doi hodc khong thay doi), mét so thuit
toan phan ngwoéng da duwoc nghién ctru, vi du nhu:
phwong phap Otsu, thuat todn dwa trén entropy,
ngudng Kittle-lllingworth, phat hién CFAR, v.v.
Cac thuit todn kinh dién nay sau d6 dwgc phat
trién dé pht hop véi thudc tinh thong ké cia div
liéu SAR. Trong bai bao nay, phwong phap phan
ngudng sai s6 nho nhat Kittler-Illingworth (Kittler
and Illingworth, 1986) dwoc ap dung dé lwa chon
gia tri nguong s dung dé tach biét cic phan tir
thay doi (bi ngép lut) va khong thay déi (khong bi
ngap lut).

Dit lidu b tro

Hinh 7. Quy trinh phdt hién thay doi tir dnh SAR da thoi gian.



Lé Thu Trang va nnk./Tap chi Khoa hoc Ky thudt M6 - Dia chdt 59 (5), 32-43 39

3.4. Bdnh gid dé chinh xdc va Idp bdn dé phat
hién thay déi

Bang cach so sanh dnh phat hién thay d6i voi
cac mau thuc dia, ma tran sai s6 dwoc thanh 1ap dé
danh gia do chinh xac cua két qua phat hién thay
déi thu dworc. Cac sai sO gidi han (sai s6 bo sot, sai
sO phat hién nham va sai s6 tong thé) dwoc tinh tir
ma tran nay. Néu cac sai s6 nam trong gi&i han cho
phép thi ta thanh lap ban d6 phat hién thay doi
(ban d6 ngap lut) tir két qua thu duoc.

4. Két qua va thao luian

4.1. Phdt hién thay déi bang phwong phdp Log-
normal KLD

Hinh 8 thé hién mic d6 twong dong do dwoc
theo phwong phap Log-normal KLD giira cac cap
anh. Trong hinh 8a va 8b ta thiy cac viung thay doi
(viing ngép lut) thé hién rat ro (khu vuc sang mau)
khi ta tinh khoang cach KL gitra ngay xay ra ngap
lut v&i ngay truede va sau thoi diém ngap lut. Khi
so sanh gitra hai ngay tridrc va sau ngép lut, ta thiy
tai nhitng viing tredrc d6 phat hién bi ngap thi trén
hinh 8c da khong con.

Quan sat goc trén bén phai ctia Hinh 8¢ c6 thé
thdy mét s6 thay doi dwgc phat hién. Thuc chét,
khu vuc nay l1a viing nwéc (bién va cac dam), cac
thay d6i phat hién dwoc 1a do c6 sy khac nhau vé
bilrc xa bdi cic tia radar rat nhay cdm véi ham
lwong nwée, dd nham hay sw gb ghé cia bé mit (Le
- Toan, 2007). Vi thé su thay d6i dwoc phat hién &
day chi do sy khac nhau vé bé mat nwéc, tinh chit
clla nuwdc tai cic thoi diém thu nhan anh. Khi
khong nghién ctru vé cac doi twong nay thi ching
nén dwoc tao mit na (khong thay déi) trén cac anh

trwedre khi tinh toan.

4.2. So sanh két qua phat hién thay d6i bang
phwong phap Log-normal KLD véi cac
phwong phap khac biét, ty s6 va ty s6 trung
binh cuc bd

Hinh 9 cho thay kha nang phat hién thay doi
tr anh SAR theo cac phwong phap khac nhau. Do
anh hwéng clia nhiéu d6m, phwong phap khac biét
(Hinh 9a) cho anh két qua rat nhiéu, va trén thuc
té, phwong phap nay khong dwoc st dung trong
phat hién thay doi tir anh SAR. Phwong phap ty s
(Hinh 9b) c6 thé han ché phan nao dnh hwdng cia
nhiéu dém (c6 tinh chat nhan) vi thé két qua b6t
nhiéu hon nhung lai bi hiéu g mo. V&i phwong
phap ty s6 trung binh cuc bd (Hinh 9c¢), anh két
qua duwgc gidm nhiéu kha nhiéu (do 14y trung
binh) nhung c6 ty 1é bao dong gid (false alarm
rate) cao do kho phén biét tw dong ving thay doi
va khong thay déi. Trén Hinh 9d, ta thiy phwong
phap khoang cach KL gitta 2 ham phin bd Log-
normal da phan tach mot cach ré rang ving thay
d6i va khong thay ddi, dé dang cho viéc 14p ban do
phat hién thay doi khi 4p dung mét phwong phap
phan ngwong tw dong.

Tir 4nh mirc do twong déng theo cac phuong
phap khac nhau, ap dung phwong phap phan
ngudng KI dé tach biét cac vung thay déi va khong
thay ddi, ta thu dwoc anh phat hién thay déi dang
nhi phan nhw Hinh 10. Két qua ctia phwong phap
Log-normal KLD (Hinh 10d) cho thiy rang anh
phat hién thay ddi tich biét ro rang cac vung bi
anh hwéng béi I va vung khong bi anh hwdng. Cac
phwong phap khac (hinh 10a, 10b, 10c¢) cho két
qua nhiéu, khé danh gia duwgc pham vi &nh hwéng
cta vung bi ngap lut.

Hinh 8. Anh mitc d6 twong dong ctia cdc cdp dnh tai khu vire nghién civu theo phwrong phdp Log-normal
KLD:(a) giira hai dnh thu nhdn tai thoi diém truée va trong khi ngdp lut (t1 va t2); (b) giita hai dnh thu
nhdn tai thoi diém trong va sau khi khi ngdp lut (t2 va t3); (c) gitva hai dnh thu nhdn tai thoi diém truwde va
sau khi ngdp lut (t1 va t3).
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Hinh 9. Anh mitc d6 twong dong giiva hai dnh SAR thu nhan tai thoi diém trudc va trong khi ngdp lut (t1 va
t2) tai khu virc nghién ctru theo cdc phwong phdp khdc nhau: (a) phwong phdp khdc biét (difference); (b)
phwong phdp ty s6 (ratio); (c) phwong phdp ty sé trung binh cuc bé (local mean ratio) va (d) phwong phdp
Log-normal KLD.

Hinh 10. Két qud phdt hién thay d6i dang nhi phén giira hai dnh thu nhdn tqi thoi diém trwdc va trong khi
ngdp lut (t1 va t2) tai khu vurc nghién ctru theo cdc phwong phdp khdc nhau: (a) phwong phdp khdc biét
(difference); (b) phwong phdp ty sé (ratio); (c) phwong phdp ty s6 trung binh cuc bg (local mean ratio) va (d)
phwong phdp Log-normal KLD, véi phwong phdp phdn nguéng tw déng K1
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4.3. Pdnh gid dé chinh xdc két qud phadt hién
thay doi va ldp ban dé ving ngdp lut

DE€ danh gia dinh lwong cac két qua phat hién
thay ddi, chung toi stt dung cdc mau kiém chirng
cta khu vire nghién ctru, thu dwoc tir két qua phan
tich anh quang hoc d6 phan gii cao, md hinh sé
do cao.

Bang 2 thé hién ma trin sai s6 cua két qua
phét hién thay doi khi so sanh anh phat hién thay
déi theo phwong phap Log-normal KLD véi 9211
mau kiém chirng ctia ca hai 16p thay déi va khong
thay dai.

Bdng 2. Ma trdn sai so.

MAu kiém chirng
ixels 5
T g | 56
Thay Ao} 1 v déi
Anh phat hién| Thay d6i| 4052 | 227 [4279
thay déi Khong
(pixels) | thay doi 951 3981 14932
Tong sd 5003 4208 |9211
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Phuong phap nay da phat hién diung 4052
pixel da thay doi, phat hién nham 227 pixel thay
dé6i gia (khéng thay doéi nhung lai phan vao 16p
thay doi), trong khi bé qua 951 pixel thay doi
(nhwng lai phén vao 1ép khong thay doi). Theo do,
sai s6 nham 14n 13 5,3%, sai s6 bd sét 1a 19,0% va
sai sO tong thé la 12,7%. Vay d6 chinh xac tong thé
phét hién thay déi dat dwocla 87,3%.

Hon nita, so sanh anh phat hién thay doi véi
mo hinh s6 d6 cao cta khu vuc nghién ctru cho
thay nhitng viing bi ngap lut d&u ndm trong nhirng
vung triing so v&i dia hinh chung cta khu vyec.

Sau khi anh phat hién thay déi da dat yéu cau,
ban d6 chuyén dé c6 thé dwoc thanh 14p dwa trén
két qua da dat duwgc. Hinh 11 thé hién ban d6 ngap
lut tai khu viee thanh ph6 Hué va mét phan huyén
Hwong Tra trong dot bao Damrey thang 11 nam
2017.

5. Kétluin

Bai bdo nay da trinh bay phwong phap phat
hién, chiét xuit nhitng théng tin thay doi noi
chung va théng tin ngap lut néi riéng tir anh radar
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Hinh 11. Bén d6 ngdp lut Hué 11/2017.
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doé mo téng hop da thoi gian. Phwong phéap xac
dinh do twong déng thong ké dwa trén khoang
cach Kullback-Leibler giita hai phidn b6 Log-
normal (Log-normal KLD) dworc st dung trong bai
bao cho thiy diy la phwong phap phu hop véi
dang dit liéu phiic tap SAR dé phat hién chinh xac,
hiéu qua cac thay doi trén bé mat Trai Dat. Cac két
qua thyc nghiém da chirng minh kha nang cua
phuwong phap nay khi ma mot sé6 phwong phap
thong dung (phwong phap khac biét, phwong
phap ty s6, v.v.) khong thé ap dung cho dirliéu SAR
dé phat hién thay déi do anh hwdng vén cé ctia
nhiéu dém.

V&ibd dir liéu Sentinel-1 gom 3 san phdm anh
GRD ghi nhin théng tin ctia thanh phd Hué va mot
phan cta huyén Hwong Tra tai thoi diém xay ra
trin bao Damrey dau thang 11 ndm 2017, vung
ngip lut tai kKhu vire nay da dwoc xac dinh. Két qua
thwc nghiém chirng t6 sw phu hop va hiéu qua caa
phwong phap Log-normal KLD khi d3 xac dinh
dwoc vung bi anh hwdng béi dot bao 1l nay véi do
chinh xac cao (hon 87%).

Két qua ctia nghién ctiru nay cho thay cé thé ap
dung phwong phap xac dinh do twong dong théng
ké Log-normal KLD giita cac anh SAR da thoi gian
cho cac co quan, trung tam, don vi nghién ctru
thuc hién vé giam sat, quan ly tai nguyén moi
trwong dé phat hién Kip thoi va chinh xac viing bi
ngip lut cing nhw nhitng thay d6i ctia bé mat Trai
DAt do nhiéu nguyén nhan khac nhau giy ra.
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ABSTRACT

Inundation detection in Hue from multitemporal SAR images by using
statistical similarity measure
Trang Thu Le 1, Hoa Thanh Thi Pham 1, Thom Thi Vu 2, Thai Ha Pham 1, Anh Trung Tran !

1 Faculty of Geomatics and Land Administration, Hanoi University of Mining and Geology, Vietnam
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This paper presents a method for change detection using multitemporal synthetic aperture radar
images based on statistical similarity measure in order to determine inundation regions. From Ground
Range Detected (GRD) products of SAR Sentinel-1 satellite acquired before, during and after the the flood
caused by typhoon Damrey in Hue city and a part of Huong Tra district, Thua Thien Hue province, changes
on the ground were detected using Kullback-Leibler distance between two Log-normal distributions.
Inundation detection results were evaluated by validation samples derived from optical 3 m resolution
PlanetScope image, and the obtained accuracy is 87,3%. Change information extracted from
multitemporal SAR images then could be exploited for different tasks, such as: inundation region

mapping, statistical analysis of affected areas, etc.



