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Phuong phép giao thoa canh day ngdn SBASINSAR (The small baseline subset Interferometric
SAR) dang duoc nghién ctu tng dung dé giam séat dich chuyén bé mat nhiéu noi trén thé gidi.
Phuwong phép SBASINSAR cho phép quan sat dich chuyén trén dién réng va trong chu ky lién tuc
dera trén phan tich di liéu anh SAR (Synthetic aperture radar) da thoi gian. Trong néi dung bai bao,
cac tac gig trinh bay két qué nghién ciu thir nghiém dng dung phwong phép giao thoa SBASINSAR
va &nh Sentinel-1A da thoi gian dé giam séat qua trinh 1Gn tai khu vuc thee nghiém Péng Triéu, Quang
Ninh. Két qua do bang phuong phédp SBASINSAR duoc so sanh, danh gia véi di¥ liéu do thiy chuédn
théng qua 14 diém kiém tra. Hé sé xéc dinh (R2) cua hai tép di liéu do bdng SBAS va bang thdy

chuén dat 16n hon 0.66.

Twr khoa: SBASINSAR, Sentinel-1A, quan trdc lGn bé mét.

1. DAT VAN BE

Dich chuyén bé mat gay anh hwéng I&n dén
ddi sébng con ngudi va thién nhién nhw sut lun
bé mat, dong dét, trwot 1&... Phwong phap quan
tréc truyén thdng bao gébm do dac trac dia truc
tiép, do GPS theo chu ky dé& phat hién cac dich
chuyén clla bé mé&t Trai dat. Phwong phap
truyén thdng cho d6 chinh xac cao, tuy nhién doi
h&i chi phi cao va nhan cong Ién, d&c biét déi
V@i viéc giam sat trén dién rong. Phuwong phap
giao thoa radar (InNSAR-Interferometric SAR) cho
phép quan sat Trai dat cd ngay va dém, trong
moi diéu kién thoi tiét va quan trac dich chuyén
mat dat trén dién rong. Muc dich ban dau cua
viéc ap dung ky thuat InSAR la phai dE‘)ng thoi
thu dwoc dd cao bé mat dwa vao su khac biét
vé pha cla hai anh SAR [1]. Cung v&i sy phat
trién cla cdng nghé, tac gid Gabriel va cong sw
[2] da dé xuat phwong phap giao thoa radar vi
phan (D-InSAR - Differential INSAR), thwc hién
viéc phan tach xac dinh dd cao mat dat va tin
hiéu bién dang. K& tr d6, phwong phap D-
INSAR da duwoc st dung rong rai dé do cac bién
dang gay ra b&i cac hién twgng tw nhién nhw
dong dat, nui Ira va sdng bang [3-5], cling nhw

giam sat sy dich chuyén mat dét do cac hoat
dong clia con nguwoi gay ra [6,7]. Tuy nhién, ky
thuat D-InSAR thwdng bi anh huwédng béi hiéu
ng khi quyén va mét twong quan vé khéng
gian va thoi gian [8, 9]. TAc giad Ferretti va cong
sy [10,11] nhan thdy rang khi do léch bién d6
ctia mot pixel ndm trong mot pham vi cu thé thi
dd &n dinh pha cla pixel sé tét hon. Nhirng pixel
nay dwoc goi la cac diém tan xa lién tuc (PS) va
hinh thanh phwong phap giao thoa tan xa lién
tuc (PSINSAR - Permanent Scatterer
Interferometry SAR). Bén canh d9, tac gia Usai
va cbng s [12] da xay dwng mét loat cac giao
thoa dd c6 dac diém la dworng co sé theo khoéng
gian va thdi gian nhd. Két qua bién dang tich Ity
theo chudi thdi gian dwoc xac dinh bang
phwong phap binh phwong nhé nhat. So vd&i
phwong phap PSInSAR thi phuwong phap
SBASInSAR sé tranh anh hwéng cda gidi twong
quan khéng gian-thoi gian. Tuy nhién, khi nhiéu
tap con co s& dwoc hinh thanh, cac van dé
thiéu hut th hang xay ra trong quéa trinh giai
binh phwong téi thiéu. Tac gid Berardino va
cong sw [13] da gidi thiéu thuat toan phan ra gia
tri s6 it (SVD-Singular Value Decomposition)
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trong qua trinh tinh toan bién dang dé giai bai
toan thiéu hut th(r hang va phat trién né thanh
phuwong phap SBAS cb dién.

Trong phwong phap SBASINSAR yéu cau co
nhiéu anh SAR trong cung mét khu vwc vao
nhirng théi diém khac nhau va phwong phép chi
trich xuét tin hiéu tr cac diém co tinh chat tan
xa 6n dinh [14]. Phuong phap SBAS di tré
thanh mét phwong phap dang tin cay dé theo
ddi sy dich chuyén cham ciia méat dat nhw hién
twong lan [15]. Hién nay, phwong phap SBAS
duwgc ng dung réng rai va phat trién lien tuc do
(1) Suw tién bod cla di¥ liéu &nh SAR v&i nhiéu
dang d6 phan giai, da phan cwc, da ché do va
khd nang xt ly di¥ liéu; (2) Cac nhu ciu vé du
an giam sat bién dang mat dat trén dién rong
khu vuc da giup cho sw phat trién xt ly chudi
thoi gian InSAR. Kha nang do lwdng va db
chinh xac cao clia phwong phap SBAS thuan
tién cho viéc tiép tuc kham pha méi twong quan
gitra cac yéu td khac nhau va hién twong bién
dang dé tim hiéu vé co ché bén trong cltia qua
trinh bién dang.

Trong ndi dung bai bao, cac tac gia trinh bay
két qud quan trdc lun khu vwc Déng Triéu,
Quang Ninh st dung phwong phap giao thoa
canh ngén SBASINSAR véi chudi di¥ liéu anh
Sentinel-1 da thoi gian.

2. VI TRi VA DI LIEU NGHIEN CcUrU
2.1. Vj tri nghién ctru

DPoéng Triéu 1a mét thanh phd nam & phia tay
tinh Quang Ninh, Viét Nam (Hinh 1a). Thanh
phd Boéng Triéu 1& viung dat cé tai nguyén
khoang san phong pha chd yéu la than da, dat
sét, cat giup phat trién cac nganh céng nghiép.
Dia hinh gébm nui, ddi va déng bang [16]. Khu
vie nghién ciru dwoc thé hién trén Hinh 1b.

Khai thac than 1a nganh coéng nghiép 16n nhat
trén dia ban thanh phé Béng Triéu, phan bd trén
dia ban cac xa Hong Thai Tay, Hong Thai Béng,
Hoang Qué, Yén Tho, Trang Lwong, Binh Khé,
Mao Khé. Ngoai ra, trong khu vwc Béng Triéu co
hé théng tai nguyén nwéc mét véi hé théng séng
Cam, sdng Da Bac, 44 hd chiva I&n nhd. Hién cé
5 giéng khoan khai thac nwéc ngadm dé cung cap
cho khu vyec, trong d6 hai cong trinh khai thac

nwéc sinh hoat cho nguwdi dan tép trung tai
phuwdng Bac Chinh va Mao Khé. Cac hoat déng
khai thac khoang san va hoat dong khai thac
nwdc ngdm cé thé gay anh hwdng dén dich
chuyé&n bé mét trong khu virc.

Trong khu vwc nghién ctu, dién tich dat
néng nghiép va lam nghiép chiém 67,2% trén
tbng dién tich dat tw nhién cGa toan ving.
Lwong mwa trung binh twong ddi thp va phan
bb theo mua. Mua mwa thuéng kéo dai tiv thang
5 dén thang 10. Trong do, lwong mua tap trung
vao thang 7,8 va 9 [16]. Nhirng diéu kién dia
hinh va khi hau ciing c6 anh hwéng dén qua
trinh xac dinh lun bang phwong phéap giao thoa
SBASINSAR.

2.2. Dir liéu nghién ctru

D@ liéu nghién clru la anh vé tinh siéu cao
tan Sentinel-1A da thoi gian véi cac théng sb
dwoc thé hién trong Bang 1.

Bang 1. Di¥ liéu nghién ctru

Anh Sentinel-1A
Ngay chup 03/11/2023 — 28/10/2024
Murc xtr ly SLC (Single Look Complex)
Phan cuwc \YAY
Chu ky chup 12 ngay

D@ liéu nghién ctru Sentinel-1A dwoc xr ly
va tinh toan xac dinh dich chuyén bé mat bang
phan mém pyGMTSAR trén Google Colab.

Ngoai ra, di liéu dich chuyén bé& mat dwoc
xac dinh ttr di¥ liéu anh Sentinel-1A sé dwoc so
sanh v&i két do lun bang phwong phap do thiy
chudn. Vi tri cac diém do thay chuan dwoc thé
hién trén Hinh 1c. D& liéu do dwoc thwe hién
theo chu ky thang 10/2023, thang 03/2024 va
thang 06/2024.

3. PHWONG PHAP NGHIEN cUrU

Phwong phap st dung trong bai bao la
phuwong phap giao thoa canh day ngén
SBASINSAR véi div liéu anh Sentinel-1 da thoi
gian nham xac dinh théng tin vé& dich chuyén bé
mat tai khu vwc Déng Triéu, tinh Quang Ninh.
Quy trinh thyc hién dwoc thé hién trén Hinh 2
va s dung phdn mém pyGMTSAR trén Google
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Colab [17]. Quy trinh thwc hién gdbm nhirng

Hinh 1. Vi tri khu vwc nghién ctru. (a) Khu vee BDong Triéu, Quang Ninh; (b) Pham vi khu vwe
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buwdc chinh sau:

nghién ctru; (c) Vi tri cac diém do thay chuan

Théng tin quy dao Anh Sentinel-1 SLC
da th&i gian
v
Cét anh theo khu vuc nghién ctru
v
Ddng déng ky anh
v
Hiéu chinh anh hwéng dia hinh < DEM
v
Xac dinh van giao thoa
v
Tinh chuyén toa da
v
Gidi m& pha (Unwrapping phase)
v
Loai bd pha khéng mong muédn
v
Xac dinh dich chuyén theo LOS
v
Xac dinh lun bé& mat
+ ~ - a -
Pénh gia @6 chinh xac < D@ liéu do lin

theo pp thiy chudn

Hinh 2. Quy trinh xac dinh 1Gn bé méit bang phwong phap giao thoa SBASINnSAR
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1. Bwére tién xiv ly anh

- D& liéu anh da thoi gian Sentinel-1

- Théng tin quy dao dé cat anh theo khu vuc
va thwe hién dong dang ky anh.

- Dwa vao théng tin DEM thwc hién xac dinh
va loai bé anh hwéng dia hinh trong ky thuat
giao thoa radar
2. Giao thoa radar

- Xac dinh van giao thoa

- Tinh chuyén toa do

- Gidi m& pha

- Loai bd cac xu huéng tuyén tinh hodc phi
tuyén tinh trong pha dé lam noi bat cac tin hiéu
c0 y nghia.

3. Xac dinh dich chuyén lan bé mat

- X&c dinh dich chuyén bé mat theo hwéng
LOS (Line of sight).

- Xéac dinh dich chuyén bé mat theo huwéng
thang dwng theo céng thirc (1) nhuw sau:

h= dLOS 1)
cosd

Trong d6: O - Dich chuyén bé miat theo
huwéong LOS; 6 — GAc téi cua tin hiéu.
- Phan tich dich chuyén da thoi gian.

- Xuét két qua sang dinh dang NetCDF va
VTK (Visualization Toolkit).

- Banh gia do chinh xac.

4. KET QUA THU? NGHIEM

S& dung phdn mém pyGMTSAR trén Google
Colab va di+ liéu anh Sentinel-1 da thoi gian,
cac tac gid xac dinh gia tri lun bé mat tai khu
vc nghién clru thudc thi xa Doéng Triéu, tinh
Quang Ninh. Trong qua trinh thlr nghiém, anh
chup ngay 10/10/2023 lam anh chinh va cac anh
con lai lam anh phu. Phwong phap SBAS la
phwong phap giao thoa radar vi phan. Sau qua
trinh tinh, phuwong phap SBAS sé chon cac cap
t6i wu theo dwdng day khong gian va thoi gian
ngan. Trén Hinh 3 thé hién két qua xac dinh dich
chuyén bé mat theo hwéng LOS cla cac anh
giao thoa radar theo phwong phap SBASINSAR
c6 gia tri tbi wu vé khong gian va thoi gian.

Dwa trén cbng thirc (1) v&i goc toi tin hiéu
clia anh vé tinh Sentinel-1A 1a 43.5 d6, cac tac
gia tinh chuyén ti gia tri dich chuyén bé mat
theo hwéng LOS vé gia tri dich chuyén lun bé
mat theo phwong thdng ding. Két qua dich
chuyén lun cha khu vuwc nghién ctu theo
phwong phap SBAS sé& dwoc so sanh véi két
qua do lun tai cac diém do thay chuan (Hinh 1c).
Trong Bang 2 thé hién gia tri do lun tai cac diém
kiém tra dwoc xac dinh bang phwong phap do
SBAS va phuwong phap do thiy chuén. Két qua
cho thdy cé nhirng sai léch I6n gitra gia tri do
bang SBAS va do thdy chuén tai cac diém co
gia tri lan 1&n. Trén Hinh 4 |a két qua danh gia
twong quan gitra hai tap div liéu do badng SBAS
va do thay chudn. Cac diém cham den trén Hinh
4 13 céc diém do lun twong &ng bang phwong
phap SBASINSAR va so véi duwong héi quy
tuyén tinh & gitra. Hinh 4a thé hién két qua danh
gia twong quan gitva di¥ liéu do badng SBAS va
do thiy chuén cta chu ky thang 06/2024 va
thang 10/2023. Hé sb xac dinh (R2) [18] dat
0.6686. Gia tri R2 la thuwdc do sy phu hop cla
mé hinh héi quay tuyén tinh. Néu dir liéu tap
trung sat véi dwéng héi quy thi gia tri R2 sé cao,
twong &ng v&i cac diém do Iun bang phwong
phap SBASINSAR gan tién dén gia tri thuc té va
dd chinh xac xac dinh lun bang phwong phap
SBASINSAR dat yéu cau. Néu R2 th4p twong
tng voi di¥ liéu phan bd roi rac, cach xa duwdng
hdi quy va phwong phap SBASINSAR khong dat
yéu cau. Hinh 4b thé hién két qua danh gia cta
hai tap di¥ liéu do & chu ky thang 08/2024 va
thang 10/2023 véi hé sb xac dinh (R2) dat
0.6965.

Khu vie thlr nghiém gan khu vuc khai thac
cia mé than Mao Khé nén cé anh hwéng Iin
I&n. Gia tri ltn do dwoc bang phwong phap thay
chudn 1a — 11.7mm. Trén anh xac dinh dich
chuyén bé mat bang phwong phap giao thoa
canh ngan SBAS (Hinh 3) ciing cho thay khu
vuc ¢6 hién twong lun khéng déu, cé hién twong
trdi 1&én va hién twong lin xubng. Viéc dich
chuyén khong déu sé gay anh hwéng Ién dén
khu virc.

5. KET LUAN VA KIEN NGHI
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5.1. Két luan

Qua két qua nghién ctru thr nghiém cho
thdy phwong phap giao thoa canh ngan
SBASInSAR st dung tw liéu anh Sentinel-1A
cho phép quan trac dich chuyén lun tai khu vuc
véi do chinh xac dam bao. Két qua thir nghiém
da dwoc so sanh vé&i két qua do thiy chuan tai
mot sé diém kiém tra dwoc do bang phuong

date = 2023-10-10 date = 2023-11-03

phap thay chuén. Hé sb xac dinh R2 trong ca
hai chu ky th&r nghiém dat trén 0.66. Tuy nhién,
tai mot s6 diém kiém tra c6 sy sai léch kha Ion
gitra két qua do trén anh va do thly chuan do
anh hwéng clta diéu kién khi hau va khu vuc
ther nghiém cé kha nhiéu thyc vat che phi anh
hwéng dén gia tri twong quan (coherence) trong
giao thoa anh radar.
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Hinh 3. Két qua xac dinh dich chuyén bé mit theo LOS bang phwong phap SBAS
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® SBAS va Do Thuy chuan
—— Duong hdi quy CK T6 - T10

® SBAS va do thly chuén
—— Duwong hoi quy CK T8-T10
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Hinh 4. So sanh két qua do Itiin bing phwong phap SBAS va do thiy chuén. (a) Chu ky Thang
6/2024 — Thang 10/2023; (b) Chu ky Thang 8/2024 — Thang 10/2023

Bang 2. Di¥ liéu do lUn tai cac diém kiém tra

Tén didm Chu ky Tl:éng 6/2024-10/2023 Chu ky thé:ng 08/2024-10/2023
Do thay chuan Do SBAS Do thay chuan Do SBAS
T1-1 -10.3 -3.2 -5.0 3.1
T1-2 -3.0 -35 1.3 0.0
T1-3 -11.7 -15 -12.3 -10.7
T1-4 -10.3 -4.6 7.0 23
T1-5 -6.3 5.1 -1.7 0.2
T1-6 11.0 5.4 -2.3 0.0
T1-7 -8.3 -4.0 -12.3 5.6
T2-1 -5.0 -2.6 5.3 3.9
T2-2 -9.0 -5.4 -8.3 31
T2-3 -10.7 -5.4 -8.0 1.7
T2-4 -11.7 -7.4 -11.3 9.4
T2-5 -3.3 -4.3 -5.0 2.7
T2-6 -1.0 -0.6 -3.3 5.3
T2-7 -6.7 5.4 20 o3
5.2. Kién nghij

khu vuc va quan sat nhirng dich chuyén lién tuc
dwa trén phwong phap giao thoa radar canh
ngan SBASInSAR.

D& nghi can cé nhirng két qua do thay chuén
va do bang phuwong phap SBAS trén pham vi
rong hon thudc khu vuc thlr nghiém dé co
nhirtng danh gia toan dién vé dich chuyén cua
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ABSTRACT

The small baseline subset interferometric SAR (SBAS InSAR) method is now being studied and
implemented in numerous locations worldwide to monitor surface displacement. The SBAS InSAR
method enables the continuous and large-scale observation of displacements through the multi-
temporal analysis of SAR (synthetic aperture radar) image data. In the article, the authors present the
findings of experimental research that utilized the SBAS InSAR interferometry method and multi-
temporal Sentinel-1A images to monitor the subsidence process at the Dong Trieu test area in
Quang Ninh. Through 14 test sites, the SBAS InSAR method is employed to compare and evaluate
the measurement results with the leveling measurement data. The coefficient of determination (R?) of
the two data sets, as determined by SBAS and normalization, exceeds 0.66.
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