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Danh gia kha nang ung dung anh
Sentinel-1 trong giém sat [tn mat dat tai
Thanh pho H6 Chi Minh

Lé Vin Trung, Nguyén Tang Co

Tém tit—Ky thuat PSInSAR (Permanent Scatterer
InSAR) dwoc sit dung kha phd bién trén thé gici
trong viéc xac dinh bién dang bé mit dia hinh [1] va
du 4n thir nghiém tai TP. H6 Chi Minh di thé hi¢n
kha ning cia ky thuit nay trong viéc thanh 1ap ban
dd lin mit dit giai doan 2006-2010. Nhitng két qua
dat dwgc cho thiy PSInSAR cé thé dwoc ap dung
trong nghién ciru cic hién twong lin m3t dit hi¢u
qua hon so véi cac phwong phép truyén théng. Tuy
nhién, dit liéu SAR dwoc 4p dung cho tit ca cac dw
an truwéc diy déu la anh Radar thwong mai nhuw
ERS, ALOS, COMO SkyMed, ... cin ¢6 kinh phi
16m dé thu thip di s6 lwong anh cin thiét nhim dam
bao dd chinh x4c tot nhét. Bai bao gidi thiéu két qua
so sanh van tdc lan mit dit trung binh dién ra ¢ TP.
Hb Chi Minh khi dp dung ky thuit PSInSAR dé xir
ly dir liéu Sentinel-1 va COSMO SkyMed. Panh gia
két qua ban ddu cho thdy tinh kha thi cao khi ap
dung anh Sentinel-1 mién phi trong viéc xac dinh
bién dang bé mit dia hinh.

Tir khéa—an mit dat, xir Iy PSInSAR, 4nh Sentinel-1

1 GIOI THIEU

H ién twong 1Gn bé mat dat do tac dong cua tu
nhién va con ngudi khi khai thac tai nguyén
duéi long dat ngay cang phd bién trong nhiing
thap nién qua. Nhiéu thanh phd lon trén thé gigi
nhu Thuong Hai (Trung Quéc), BangKok (Thai
Lan), Las Vegas (My) dia ap dung ky thuat
PSINSAR trong giam sat lun bé mat dat theo thoi
gian [2]. Dy &n thir nghiém tai Thanh phd Ho Chi
Minh trong giai doan 2006-2010 ciing da ghi nhan
hién tuong lGn bé mat véi van toc 1Gn trung binh -
8 mm/nam [3].
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Tuy nhién dé thuc hién ky thuat PSINSAR, can
rat nhiéu anh SAR (Radar khau do mé tong hop)
thu nhan tai mot khu vie, nhung khéc nhau vé vi
tri vé tinh va thoi gian thu thap anh, nham xir ly
tin hiéu léch pha cua anh trong xac dinh thay doi
bé mat dja hinh.

Céac anh SAR thuong mai thuong dugc mua
véi kinh phi cao dé 4p dung ky thuat PSINSAR
nhu: ALOS PALSAR-2, COSMO SkyMed,
Terra-X, ... nhung cling d& minh chirng mang lai
hiéu qua cao hon so vé&i cac phuong phap truyén
théng. Hién nay, dir lieu SAR thu tr vé tinh
Sentinel-1 bat dau cung cap mién phi boi chuong
trinh Copernicus cua Trung tim Vi tru Chau Au
(ESA).

Bai bao nham gidi thiéu két qua giam sat lan
bé mat dat khu vuc TP. HO Chi Minh (giai doan
2014-2016) khi so sanh két qua duoc xir ly bang
ky thuat PSInSAR ddi véi Sentinel-1 va dir liéu
thuong mai COSMO SkyMed. Két qua ban dau
cho thdy xu thé lan bé mat dat va van téc 1an
trung binh 1a twong dong. Do d6, anh mién phi
Sentinel-1 s& gop phan cho viéc nghién ctu khoa
hoc va dao tao s dung ky thuat PSInSAR trong
giam sat bién dang bé mat dia hinh.

2 KHU VUC NGHIEN CUU VA DU LIEU
2.1 Khu vuc nghién ciu

Thanh phé H Chi Minh giit vai trd trung tam
kinh t€ 16n nhét ca nuéc véi dién tich 2.129 km2.
Bién dang 1Gn mat dat da gop phan anh huong dén
van d& ngap triéu tai mot sé khu vue ¢é dia hinh
thip, do tac dong kép cua do cao mat dat ha thap
Va sy ting cao muc nudc bién theo thoi gian.

Do d6 tir nam 2008, TP.HCM da trién khai du
&n giam st bién dang bé mat dat bang mat dét ky
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thuat PSInSAR, dé giam sat anh huong lGn mit
dat dén qué trinh phat trién bén viing d6 thi.
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Hinh 1. Khu vyc nghién ctru
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2.2 Dirliéu nghién cuu

Dé danh gia kha nang ung dung anh Sentinel-1
trong giam sat l0n tai khu vuc (hinh 1) so véi dix
liédu SAR thuong mai COSMO SkyMed. Thuyc
nghiém tién hanh véi bo dir lieu SAR SLC bao
gom 24 anh Sentinel- 1A va 1 anh Sentinel-1B tir
ngay 23/11/2014 dén ngay 07/10/2016. Hinh 2 thé
hién duong day thu nhan anh tir 4 m dén 135 m.

Hinh 2. Pudng d4y thu nhan anh Anh Sentinel-1

Dt liéu SAR thir hai dugce thu nhan tir vé tinh
COSMO SkyMed thudc chuong trinh Quan sat
Trai Dat cia Co quan khong gian Y (ASI) thir
nghiém st dung 49 anh COSMO SkyMed.

3 PHUONG PHAP PSINSAR

K¥ thuat PSINSAR su dung thdéng tin pha cua
anh SAR dé xac dinh sy dich chuyén bé mat dia
hinh theo thoi gian (pixel mang gié tri bién dang
bé mat dia hinh goi 1a nhiing diém PS). B¢ chinh
xéac cua ky thuat nay dat mac 4,3 mm/nam khi so
sénh véi phuong phap thuy chuan [4] va thuong
bi tac dong manh bai yéu té duong day, tuong
quan dia hinh va anh huong cua khi quyén [2]. Do
d6, dé phuong phap PS INSAR cho két qua giam
sat 1Gn mat dit dat do chinh xac cao, doi hoi cac
don vi phai mua mot s6 luong anh du lén (>20
anh) dé phan tich ddng thoi cac anh da thoi gian.

Bang 1. So sanh thong sb hai vé tinh
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Trong ky thuat PSINSAR [5] gia tri lGn mat
dat dugc xac dinh theo gié tri pha giao thoa va
bang cach xu ly trén nhiéu anh SAR khac thoi
diém thu nhan
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Trong hinh 3 cho thay:
Bn: Buong day truc giao
R: Khoang cach tir b cam bién SAR dén vat thé
q: Do léch gitra cac ddi twong lién ké theo
phuong dting
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Hinh 3. C4c tham sb hé théng InSAR [5]

Thuat toan chuyén doi gia tri pha thanh gié tri
bién dang nham xac dinh cac diém PS bién dang
theo thai gian. Thuc nghiém nham so sanh két qua
van toc lun trung binh nam giai doan 2014-2016
khi st dung anh Sentinel-1 so vé6i két qua cho bai
anh thuong mai COSMO SkyMed. Bang 1 cho
thidy mdi scence anh Sentinel-1 bao phia mét khu
vyc ¢ bé rong 250 km? vai @6 phéan giai khong
gian 20 m. Do d6 st dung anh Sentinel-1 la mot
wu diém noi bat do sy twong quan giira hai anh thu
duoc tai mot khu vuc rat 16n, tao diéu kién tt cho
cac ung dung trong giao thoa SAR. Ngoai ra, khi
xir Iy PSINSAR can t6i thiéu 21 anh SAR, nén can
phai mua tdi thiéu 42 anh Cosmoskymed. Chi phi
mua anh Cosmoskymed hién nay la 39.900 Euro
(950 Euro/l scene anh) nén day la rao can cho
cbng tac dao tao va nghién ctu khoa hoc trong
viéc ap dung ky thuat PSINSAR.

4 KET QUA

4.1 Gidm sat lin bé mat ddat ur dir liéu
Sentinel-1

Str dung 24 anh Sentinel tao ra diém PS nhu
hinh 4 dugc xac dinh trong pham vi 2.165 km?2,
Theo [4] ving 6n dinh khi van tc lan it hon 5
mm/nim, con mirc 6 lun duoc chia theo 03 cip
do dya trén van toc lun trung binh nhu sau:
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Hinh 4. Két qua phan tich bién dang mat dét theo diém PS

Béng 2. Phan chia cép d theo van téc lan mat dat

P Vén tbc lin trung L
Cap do A . Mau sic
binh (mm/nam)
Ldn trung binh 5-10 =
Lan twong doi
un tuong doi 10-15 ]
nhanh
LGn nhanh >15 [ |

Céc khu vuc xuét hién nhiéu diém PS véi gia tri
IGn manh cha yéu tap trung tai cac khu vuc quan
7, 8, Binh Chanh va quén 12. Phan chia thanh 3
cép do theo bang 2.
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BAN DO PHAN BO VUNG LUN
KHU VUC TP. HO CHi MINH GIAI DOAN 2014-2016
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Hinh 5. Thanh 14p ban db phan b ving lin mit dét TP. HCM

Tir gi4 tri cua cac diém PS, tién hanh noi hién tai hinh 5. Két qua phan tich gié tri IGn cua
suy thanh lap ban d6 phan bé vang 1Gn cho khu quan/huyén theo thai gian cho bai hinh 6.
vuc TP.HCM giai doan 2014 - 2016 duoc thé

BIEU PO LUN MAT DAT CAC QUAN, HUYEN TIEU BIEU
TP. HO CHI MINH GIAI POAN 2014-1016
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Hinh 6. Gié tri lan mat dét theo thoi gian

d6, quy trinh phan tich, xi Iy va ngi suy diém
PS duoc 4p dung cung thuat toan Ordinary

D¢ danh gia kha nang ung dung anh  Krigging dé kiém nghiém két qua khi thay thé
Sentinel-1, két qua xac dinh lin mat dat duoc so anh SENTINEL-1 (mién phi) béi anh COSMO
sanh véi két qua sir dung ky thuat PSInSAR d6i  SkyMed (c6 phi). Hinh 7 cho thdy két qua thu
v6i anh thuong mai COSMO SkyMed. Trong duoc kha tuong ddng trén cung khu vuc.

4.2 So sanh két qua véi COSMO SkyMed
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Két qua PSInSAR tir dit liéu Sentinel-1

106350°E

10BN

10350

HHOE HOH

o AlNHERANH

i e
G PHI NHURR PR e

; 105N
[ |
| .
I | :
. E
I L ,
= - .
D -
of1 =z 4 - | NN
Kligne
040N 5 Hoeamorn
T
’IOGXV'O"E
10°51'0"N “10°510"N
G
,05402750'5'5
-
106°39'0"E

Trong do:

Vung lGn nhanh:  =sm (> 15 mm/nam)

Ving lin twrong déi nhanh: (10 — 15 mm/ndm)
Vung lan trung binh: s (5 — 10 mm/nam)

105

23

Két qua PSISAR tir COSMO SkyMed
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Hinh 7. So sanh két qua va xir Iy 1Gn bé mit dat gitra 2 loai dit liéu SAR
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Quy trinh danh gia 6 chinh xac khi thay thé
anh SENTINEL-1 (mién phi) boi anh COSMO
SkyMed (c6 phi) dwoc thé hién bai hinh 8:

anh SAR COSMO
anh SAR Sentinel-1 ‘

SkyMed
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Hinh 8. Quy trinh so sanh két qua xur Iy

Bing 3. Ma tran sai sb giita hai két qua
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cong
Két qua xtr ly anh thwong mai COSMO

SkyMed giai doan 2014-2016 khu vyc TP.HCM
duogc chon 1am chuan dé so sanh két qua dat duoc
khi thay thé boi anh Sentinel-1 (mién phi). Ma
tran sai sé cho thay do chinh xac toan cuc dat 82%
nén két qua nhan duoc tir 2 loai dit liéu kha tuong
ddng.

5KET LUAN

Nghién ctu cho thiy sau khi xir Iy PSINSAR
cho dir liéu mién phi Sentinel-1 va dir liéu thuong
mai COSMO SkyMed déu co cac diém PS chira
thdng tin gié tri 1Gn va van téc lun trung binh/ nim
déu tuong duong nhau cho ving 6n dinh va lin
tuong ddi nhanh cua khu viec TP. H6 Chi Minh.
Tir cac diém PS, tién hanh noi suy dé thanh lap
ban d6 phan b ving 1un mat dat giai doan 2014 -
2016 cho thay kha ning tng dung anh Sentinel-1
cho két qua ban d6 phan bé vung bién dang mat
dat kha twong dong (do chinh xac toan cuc dat
82% khi so véi két qua sir dung anh COSMO
SkyMed) Két qua thir nghiém ban dau cho thiy
kha nang tng dung anh Sentinel-1 trong gidm sat
xu thé 1Gn bé mat dat va mé ra huéng tiét kiém chi
phi mua anh, cho cong tac dao tao va nghién cuu
khoa hoc khi &p dung k¥ thuat PSINSAR.
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Abstract—Permanent Scatterer INSAR (PSInSAR)
technique is used commonly to evaluate land
subsidence for some cities in the world and the pilot
project in Ho Chi Minh City has shown the
capability of this technique for mapping land
subsidence in the period from 2006 to 2010. The
result shows that PSINSAR can be applied to study
the land subsidence phenomenon more efficiently
than any traditional methods. However, SAR data
often are commercial images such as ERS, ALOS,

COSMO SkyMed... that a large number of SAR
scenes must be collected to ensure the best results.
This paper introduces results of the average
subsidence velocities in Ho Chi Minh City that
PSInSAR technique is applied to process SAR data
from Sentinel-1 and COSMO SkyMed satellite.
Evaluating the preliminary result showed that the
capacity of using free Sentinel-1 images to replace
commercial images for monitoring land subsidence.

Index Terms—Iland subsidence, Sentinel-1 image, PSInSAR technique
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