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ABSTRACT

This paper conducted research on current state of application of
open source sofiwares NEST and SNAPHU for DEM generation
from InSAR pair images. Experimental results showed that the open
source softwares have suitable functionalities for DEM generation
with high relative accuracy. However, they do have some limitations
in processing speed (for the case of NEST), interfaces and operating
system problems (for the case of SNAPHU).

TOM TAT

Bai bdo gidi thiéu khd nang img dung phan mém md nguon mo
(phan mém hoan toan mién phi) NEST va SNAPHU trong thanh ldp
DEM tir dit liéu anh radar giao thoa ERS1/2. Két qua xir Iy cho thdy,
hai phan mém ma nguon mo NEST va SNAPHU cung cdp day dii cac
chirc nang dé xir Iy cdp dnh radar giao thoa, san pham DEM dwoc
thanh Idp véi dg chinh xdc dat yéu cau. Méc dit vdy, ching ciing cé
nhitng han ché nhat dinh vé toc do xir 1y (phan mém NEST), giao
dién va hé diéu hanh (phan mém SNAPHU).

1 GIOI THIEU

Mb hinh sé d6 cao (Digital Elevation Model -

Thue té san xuét cho théy, dir liéu DEM duogc xay
dung tr cac phuong phdp nay thuong doi héi

DEM) ngay cang duoc sir dung nhiéu cho cac muc
dich nghién ctru khac nhau va dugc coi la mot dix
liéu dau vao quan trong ctia hé thong tin dia ly
(Geographic Information System- GIS) (F. David
and Ph.D. Maune, 2007). Theo cac phuong phap
truyén théng, DEM dugc xdy dung chi yéu bang
phuong phéap noi suy tir duong binh do ctia ban do
dia hinh (dang sd) trong mot s phan mém chuyén
dung nhu Sufer, Global Mapper, ArcGIS, Vertical
Mapper... Ngoai ra, DEM con dugc xdy dung
bang cach sir dung cac k¥ thuat quan sat 1ap thé tir
cap anh hang khong, cap anh lap thé vé tinh hay tir
dir liéu do dac truc tiép dia hinh ngoai thuc dia.
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khéi lwong thoi gian nhét dinh dé thu thap va xu Iy
dit liéu do, ton kém vé kinh phi, chét lugng DEM
phu thudc hoan toan vao chét luong cua ban dd sb
dia hinh, chat lvong cia tu liéu anh st dung.
Trong nhitng ndm gin day, mot phuong phap méi
dd dwoc phat trién dé thanh lap DEM, do la
phuong phép tao DEM tu cdp anh radar giao
thoa (Interferometric Synthetic Aperture Radar -
InSAR), hay con dugc goi la k¥ thuat radar giao
thoa (ESA Publications, 2008). Ky thudt nay su
dung cdp anh radar chup cung mot khu vuc & hai vi
tri khac nhau tir cing mot ang-ten (& hai thoi diém
khac nhau) hoac tir 2 ang-ten dugc dat trén cung
mot vé tinh. Thong tin dugc mi héa trong mdi
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pixel cia anh radar bao gdm hai thanh phan, d6 1a
thanh phan cudng do (ghi nhan thong tin tan xa tir
d6i tuong) va thanh phan pha (ghi nhan thong tin
vé khoang cach tir bo cam dén dbi tuong). Thanh
phan pha chinh 1a chia khoa cta k¥ thuat radar giao
thoa. Vién tham radar 1a hé théng vién tham chu
dong, c6 kha niang thu nhan anh ca ngay lan dém,
trong moi didu kién thoi tiét, da dang vé do phan
giai, d¢ phu trum lon (tr hang chuc km? dén hang
tram kmz) V6i nhitng wu diém ndi troi nay, c6 the
coi vien tham radar 1a cong cu hiru hi€u cung cp
ngudn tu liéu vién tham phuc vu cac muc dich
trong quan tric bé mat trai dat néi chung va
muc dich thanh 1ap DEM ndi riéng (Askne,
Dammert, Ulander, & Smith, 1997; Eineder, 2003;
Ferraiuolo, Meglio, Pascazio, & Schirinzi, 2009;
Rabus, Eineder, Roth, & Bamler, 2003). Cung vai
su ra doi va phat trién cua vién tham radar, hé
thong cac phan mem xu 1y anh radar cling dugc
xdy dung va phat trién, phin 16n cac phan mém xir
Iy 4nh radar ndi chung va anh radar giao thoa néi
riéng déu 1a cac phan mém thuong mai rat dt tién
nhu Gama (GAMMA Remote Sensing Research
and Consulting AG), SARScape (sarmap SA), hay
WInSAR (The Western North America InSAR).
Dbi v6i nhitng nguoi 1am cong tac nghién clru va
giang day trong cac truong Pai hoc, Cao dang &
Viét Nam thi chi phi dé mua cac phan mém ban
quyén va duy tri ching 1a mét tré ngai 16n. Trong
nhiing nim gan day, cong dong cac nha nghién ctru
va lap trinh vién trong linh vuc vién tham trén thé
gio1 dé cong tac va cho ra doi nhiing phin mém ma
nguén mé (mién phi) voi nhimg chirc nang gan
nhu khong thua kém cac phan mém thuong mai.
Cu thé, cac phan mém mi nguon mo trong xu ly
anh radar giao thoa c6 thé ké dén phin mém Doris

Phan A: Khoa hoc Tu nhién, Cong nghé va Méi truong: 36 (2015): 77-87

(Delft Institute of Earth Observation and Space
Systems), ROI_PAC (Repeat Orbit Interferometry
PACkage), hay NEST va SNAPHU. Xét tong thé
ve€ ca chirc nang, giao dién va tbe do xu 1y thi sy
két hop gilra phan mém Nest va phin mém Snaphu
¢6 uu diém noi troi hon ca. Do d6, myc tiéu cua bai
bao 1a nghién ciru kha ning ap dung phin mém ma
nguén md NEST va SNAPHU trong thanh lap mo
hinh s& d6 cao DEM tir viéc xir Iy cép anh radar
giao thoa. P& danh gia do chinh xac ciia DEM két
qué, tic gia da st dung md hinh sé d6 cao DEM
duoc thanh 1ap tir cap anh lap thé hang khong cung
khu vic. Dé danh gia kha ning tng dung cua hai
phin mém NEST va SNAPHU, tac gia da sir dung
phin mém thuong mai SARScape dé xir Iy cung
cap anh lap thé radar. Két qua so sanh cho thiy
DEM dugc thanh lap c6 d6 chinh xac dat yéu cau,
cac chire nang hd trg, yéu ciu vé cau hinh may tinh
va tdc do xur 1y gan tuong duong voi phan mém
SARScape. Mac du con mét s6 han ché vé giao
dién st dung, téc do xir 1y va khong c6 chire nang
xu Iy anh ¢ level 0, tuy nhién phan mém NEST va
SNAPHU c¢6 wu diém no1 troi v€ gia thanh (mlen
phi) va khong yéu cau vé phan mem hd tro
(SARScape chay trén nén caa phan mém ENVI).

2 PHUONG PHAP KY THUAT
2.1 Vién tham Radar

Vién tham radar 13 hé théng chu dong, bd cam
chu dong phat va thu nhén nang lugng tan xa
nguoc trong ving soéng siéu cao tan. Vién tham
radar hoat dong véi hé théng anten ¢ dinh duoc
lap dat trén may bay hodc vé tinh vién tham.
Nguyén tic hoat dong cua hé thdng nay duge mo ta
nhu Hinh 1 dudi day.

Chiéu rong

I‘M'I

Hinh 1: Nguyén tic hoat dong ciia vién thAm radar
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Do viéc thu nhén dit liéu anh radar theo phuong
xién, vi vdy anh radar c6 mét sb dac trung hinh hoc
riéng biét: ddc trung vé bién dang vé ty 1& anh do
chup nghiéng, dic trung vé xé dich vi tri diém anh
do chénh cao dia hinh, thi sai anh, ddm anh, va
bién d6i d6 sang trén anh. PO phan giai cia anh
radar dugc dac trung boi d¢ phéan giai phuong vi
(d6 phan giai doc theo hudng bay — Azimuth) va
d0 phan giai theo hudng thu phat tin hi¢u (46 phén
giai ngang voi hudng bay — Range). B phan giai
theo hudng thu phat tin hi¢u 13 kha nang phan cach
giita 2 d6i twong khong gian nim gan nhau theo
hudng tam. N6 duge xac dinh bang chiéu dai xung
cla niang lugng song radar truyén di va goc nhin
(goc to1).

T.C

R(x) =5 ()

2cos 4,

Trong do6: R(x) la d6 phan giai theo huéng thu
phat tin hi¢u, T 1a thoi gian cho 1 d¢ dai cua 1
xung, 04 1a goc ha. Do phén giai theo phuong vi
phu thudc vao chiéu dai anten. Anten dai hon, budc
song ngin hon thi d6 phan giai s& cao. Vi duy, dé
dat dugc do phan giai theo phuong vi 10 m voi dai
bang C (budc song A = 5.6 cm) tur v€ tinh c6 do cao
800 km thi chiéu dai cta anten doi hoi phai trén 3
km, diéu nay la khong thé. Bé khic phuc nhugc
diém nay hay dé nang cao d¢ chinh xac trong viéc

z
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thu nhén anh c6 d¢ phan giai cao, nguoi ta da st
dung hé thong radar d6 mo tong hop (SAR -
Synthetic Aperture Radar). Trong cac hé théng
Radar, SAR thuong dugc st dung trong linh vuc
vién tham. SAR la hé thng thu anh gi lai thong tin
ca vé pha va cuong d¢ cia tin hidu song phan xa
clia tit ca cac d6i tuong nam trong d6 phan giai ciia
1 pixel twong mg trén miat dat. Thong tin trong
mdi anh SAR bao gdbm mot ma tran déu thé hién
cac gia tri tong hop (gia tri phirc), ching gdm 2
thanh phan 1a bién d6 4 va pha ®. Bién do cung
cép thong tin vé& mirc d6 gd ghé bé mat cua cac dbi
tuong phan xa, trong khi pha bao gém mot ph?ln
c4c xung tan xa va mot phan truyén qua chtra dung
c4c thong tin hitu ich vé bé mat va hudng dudng
truyén ciia xung.

2.2 Co s6 toan hoc cia k¥ thuét radar giao thoa

Radar giao thoa (InSAR) 14 k¥ thuat xtr 1y tin
hiéu sb tir it nhat 2 anh SAR (hodc nhiéu hon) chup
cung mdt khu vuc & céac thoi diém khéc nhau.
InSAR hoat dong dua trén nguyén téc chiét tach do
l1éch pha gitra hai anh chyp cung mét khu vyc ¢ 2
vi tri khac nhau dé xac dinh su chénh léch do dai
dudng truyén cua cac song radar. Sy chénh léch do
dai duong truyén cua cac song radar co lién quan
dén cac thong sb quan trong nhu do cao dia hinh,
sy bién dang bé mit trai dat va nhiéu cua khi quyén
(Goldstein ef al., 1988).

dlipsoid X

Hinh 2: Co sé hinh hgc ciia ky thuit InSAR

LJoughin I.,R. Kwok and M. Fahnestock, 1996
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Hinh 2 minh hoa cu trtic hinh hoc co ban cua
ky thuat InSAR. Hai h¢ thong radar S, (Master) va
S, (Slave) chii dong phat song xudng ciing mot khu
vuc trén mat dat. B 1a khoang cach gilta 2 anten
hay goi 1a duong day (Baseline), 0 1a goc tdi (goc
nhin), r; va r 1 cu ly nghiéng tir anten téi diém P
trén mat dat va o la goc tao boi duong day va
dudng chan troi. Néu khong co bién dang bé mat
xay ra gitra hai hé thong thu nhan anh radar, cac
gia tri pha ghi nhan dugc @, va @, trong 2 anh
chup tir hai hé thong radar d6i voi diém P c6 thé
duoc xem la tuong duong vai tong cua cac thanh
phan khéc nhau.

q)l

+@ 2

atml vcall noise

=ﬁ27r+d) + O
A

() +®

3)

atm?2 scat2 noise

2
2:%27”(1) +®

2 2 .
Trong do: 7’/127r va %27; la dai luong gay
ra cham (tré) pha do khoang cach duong truyén 2ry
va 2r; tr bd cam bién S; va S; dén muc ti€u P trén

mit dat va phan xa nguoc lai.

Dam1 va Do 12 dai luong hiéu chinh pha
do su thay doi dieu kién khi quyén gitta hai lan
nhan anh.

- Dgan va Dyearz 14 hé s tan xa do su tuong
tac gilra song radar voi cac thanh phan tan xa phirc
tap trén bé mat.

— Hé s6 nhiéu phu @i

Gid su hai anh dugc chup trong diéu kién khi
quyén va song phan xa ngugc tr lai cua cac dbi
tuong trén mat dt 12 nhu nhau, ®umi = Damz VA
Dgeat1 = Dycarn, khi d6 gia tri pha giao thoa s€ duoc
viét nhu sau:

4r

ar
7 (r

p=0,-D, = _rz):75r “4)
Trong d6 dr 1a do léch thay ddi theo phwong
xién (Light of sight - LOS) gilta r; va r,.

Ap dung dinh luat cosin cho tam giac S;S,P,
chung ta c6:

r' =1’ +B* —25Bsin(0 - a) (5)
Tw phuong trinh (5), ta co:
Sin(0—a) = Ron 4B (on)itn) B ©

2rB 2rB 2r

1 1 1
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Véir + 1, = 2r; va r;>> B, tr phuong trinh (6)
chung ta c6 phuong trinh gan ding sau:

dr=r1;-12~ Bsin(0 - o) @)
Khi d6, phuong trinh (4) tré thanh:
¢:47”Bsin(6—a) ®)

Dao ham ting phan ciia pha theo r ta duoc:

2 ©)

7B os(6 - a)%
or or

Tir cong thue (9) ta thay d6 1éch pha phy thudc
vao 2 yéu tb: thanh phan vuéng géc ciia duong
day B, = Beos(0—a) va dao ham cia goc t6i theo

r(06/0or), trong d6 dudng day truc giao ludn thay
dbi theo do xién cia goc t6i dbi voi mdi anh SAR
khac nhau. Su thay doi ciia goc t6i thuong tang lén
voi d0 nghiéng cua hudng quét, do vay
00/ Or>0. Tuy nhién, khi d6 dbc cta dia hinh 16n
hon goc t6i1, viéc tang goc tdi s€ khong tao ra do
nghiéng huéng quét (Price and Sandwell, 1998).
Dé thay dugc mdi quan hé gilta pha giao thoa véi
dia hinh, chung ta xem xét diém Py ndm & vi tri
cung phuong v6i diém P trén mit elipxoit tham
chiéu (Hinh 2c). Ap dung dinh luét cosin cho tam
giac S;PO trong Hinh 2.4 , gbc t6i O cho diém P
mit d4t duoc biéu dién nhu sau:

H*+r? = x?
2rH

cosf =

(10)

Sy

o

Hinh 3: Co sé hinh hgc ciia vién tham radar gin
v6i 2 quy dao bay ctia vé€ tinh

D.E. Alsdorf and L.C. Smith, 1996
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Trong Hinh 3, r 1a khoadng cach nghiéng tir bd
cam bién S; dén diém P, H 1a khoang cach tir b
cam bién S; dén tam trai dit va x 1a khoang cach tir
diém P dén tam trai dat, xo 1a ban kinh trai dét cta
elipxoit tham chiéu, 0, 1a goc toi. Khi do, sir dung
dinh luan cosin ching ta tim ra:

)

St dung cong thtc (11) va (8), ching ta tinh
pha giao thoa 2 theo diém Py, goi 14 pha phing
(flat earth phase) nhu sau:

2, z47”3sin(eo —a) (12)

Khoang cach thuc t& x luén 16n hon ban kinh
elipsoid tham chiéu xo, d¢ léch x - Xy cung cap gia
tri d6 cao hinh hoc. Pha do dnh huéng cua dia hinh
thuc € d(x) co thé dugc trién khai theo diy sb
Taylor theo xo:

0
p() = plx,)+ (—"’j (x—=x,)
ox ),
5 (13)
+ +..
2(8)6 ]0 (x— xo)
Trong do, #(x,) la pha phing; o cho boi

cong thire (12). Vi dao ham cép hai 1a rat nho, nén
¢(x) duoc xem la xap xi voi tong ciia 2 s6 hang
dau tién trong diy sb:

(14)

(x—x)

o)~ plx,) + (‘2—“’]
X

S6 hang thir nhit 1a pha phing cho bai phuong
trinh (12), va gi4 tri sb hang thir hai c6 thé nhan
dugc tir phuong trinh (8) va (10). Tu phuong trinh
(8), chiing ta co:

(6—(0] ~—4—”Bcos(6’ a)(aeJ (15)

ox ), A X ),

Va tir phuong trinh (10), ching ta cé:

(%j = L (16)
ox ), rHsing,

Thay phuong trinh (15) va (16) vao phuong
trinh (14), ching ta c6 d6 cao h tir elipsoid
tham chiéu:
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- ArH sin 0
X, ¥t ( —¢,) (I7)
4z x,Bcos(f, —a)

h=x-

3 UNG DUNG KY THUAT INSAR
TRONG THANH LAP MO HINH SO PQ CAO
SU DUNG PHAN MEM MA NGUON MO
NEST VA SNAPHU

3.1 Phin mém mi ngudn mé NEST va
SNAPHU

Phan mém NEST (Next ESA SAR toolbox)
duogc xdy dung va phat trién boi nhom nghién ctru
thudc co quan hang khong vii tru Chau au ESA.
Phan mém duoc gidi thiéu 1an dau tién v6i phién
ban NESTIA dugc gi6i thiéu lan diu tién va nim
2008. Phién ban co s& nay c6 cac chic nang co
ban phuc vu mo anh, hi¢u chinh anh, dang ky toa
do cho  anh va mét sd chire nang tinh toan raster
khac. Cac phién ban dau tién ctia phan mém NEST
chwa c6 cac chirc ning dé xir 1y anh radar giao
thoa, bt dau tir phién ban NEST 4C (phat hanh
nam 2012) cac chiic nang phuc vu cho viéc xur ly
anh radar giao thoa dd duogc xdy dyng. Cho dén
nay, phién ban méi nhit cua phan mém NEST la
NEST 5.1, phién ban mdi nay c6 thém cac chirc
ning hd trg xit 1y anh Sentinel-1. Tuy nhién, chirc
nang giai md pha giao thoa trong quy trinh cong
ngh¢ thanh 1ap DEM tur cap anh radar giao thoa
van chua dugc xdy dung trén phién ban méi nhét
cia phan mém NEST, thay vao d6 viéc giai mo
pha giao thoa bit budc phai thyc hién trén phan
mém SNAPHU. Pay ciing 1a mot han ché cua
phin mém NEST. Phin mém SNAPHU dugc xay
dung va phat trién boi nhom nghién ciru Radar
giao thoa thudc truong Pai hoc Stanford, Hoa Ky.
Phan mém duoc xay dung dua trén co so thuat toan
Statistical-cost, Network-flow (C. W. Chen & H.
A. Zebker,2000) va chi chay trén hé diéu hanh
Linux. Phin mém SNAPHU sir dung dir liéu dau
vao 1a pha giao thoa dwoc xdy dung boi phan mém
NEST, va két qua xtr Iy boi phan mém SNAPHU la
pha giao thoa (da duoc giai pha). Pha giao thoa nay
tiép tuc dugc xur 1y trén phan NEST dé tao DEM va
dang ky toa do cho DEM.

3.2 Quy trinh cong nghé va trinh ty xir ly

Dé tién hanh xur 1y theo k¥ thudt InSAR, can
phai c6 hai anh SAR ¢6 do twong quan tét. Cén ctr
dé lya chon cac anh thich hop chii yéu dya trén
chidu dai duong day (khoang céach giita hai ng
ten khi chup anh va khoang thoi gian giita hai lan
chup), diéu kién thoi  tiét. Chiéu dai dudng day
duoc chon phu thudc vao tung tng dung va do
phan giai cia dir lidu. Chéng han, d6i v6i anh
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ERS-1 va ERS-2, chiéu dai duong day tir 150 m -
300 m thich hop cho viéc xay dung md hinh s6 do
cao; tr 30 m - 50 m phu hop cho cac rng dung
phat hién bién dang bé mit va khoang 5 m phu hop
cho cac nghién ctru chuyén dong bé mat nhu bién
dang 16p va trai dat, chuyén dong dia chét, chuyén
dong bang  tréi,... Mat khac, khoang thoi gian thu
nhan giira hai anh khong qua 16n nhim tranh sy
mét tuong quan. Trong ky thut ndy, mot anh s&
duoc coi la anh chu (dnh Master), anh  con lai s€ 1a
anh phu thudc (anh Slave). Quy trinh cong nghé
thanh 1ap DEM tur cdp anh radar giao thoa dugc
thé hién nhu trong Hinh 4, trinh ty cac budc thuc
hién duogc tién  hanh nhu sau:

Dang ky anh: Muc dich cta viéc dang ky anh la
tim nhitng diém anh cung tén trén 2 tam anh radar
(Master va Slave).

Tao pha giao thoa, loai bo pha phdng va loc bé
nhiéu: Sau khi tién hanh dang ky anh, ta  s& sir
dung thanh phan pha cua cip anh Sar dé tao anh
giao thoa. Pha giao thoa dugc tao ra ngoai pha do
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chénh cao dia hinh con ¢6 pha do anh hudng cua
nhi€u va pha do d§ cong trai dat, bai vay can loc,
loai bo nhitng anh hudng nay.

Tao anh tuwong quan: Viéc tinh toan d¢ tuong
quan gitra hai anh nhiam xéac dinh cac di twong
trén hai anh c6 bi thay doi trong khoang thoi gian
nhit dinh nao d6 hay khong. T o6 dua ra giéi
han d6 1éch pha giita 2 anh dé dam bao do chinh
xac cho viéc gidi mo pha sau nay.

Giai mo pha: Day chinh la budce then chét, gitip
xac dinh so6 chu ky da bi mat di trong qua trinh tao
pha giao thoa.

Tao mé hinh sé dé cao DEM: Sau khi x4c dinh
dugc s chu ky bi mét di, két hop véi gia tri pha
giao thoa ciing nhu céc thong sé khac nhu canh day
anh B, budc song A va goc toi  dé tinh ra do cao
cho cac diém, tir d6 xay dung dugc DEM. DEM
duogc thanh 1ap c¢6 d0 cao so vdi mat Elipsoid, vi
vay ching ta phai st dung mé hinh di thudng do
cao EGM96 dé tinh chuyén vé d6 cao so voi mat
Geoid.

Loer ||
[ Z\-Igster)

SAR I
i Slil"el')

Loc pha

Pang ky anh
Tao anh giao thoa
giao thoa

Twong quan

Hinh 4: Quy trinh cong ngh¢ thanh lap DEM tir cip 4nh Radar giao thoa
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Cdt dnh va tdi file quy dao chinh xac: Day la
buge chon gidi han ving ma ta muon xay dung
DEM trén anh radar. Ngoai ra trén phan mém co
cac cong cu cho phép tai file quy dao chinh xac
dua trén cac thong tin cua tu li¢u st dung la cap
anh SAR duoc chup bdi 2 v¢ tinh ERS1/2.

3.3 Thuc nghiém

3.3.1 Tuw liéu nghién ciru

Tu li¢u anh st dung trong nghién ciru nay la
anh thu dugc tr cac vé tinh ERS-1 (Earth

Phan A: Khoa hoc Ty nhién, Céng nghé va Méi trwong: 36 (2015): 77-87

Resources Satellite-1) va ERS-2 (Earth Resources
Satellite-2) cia Co quan Vi tru Chau Au (ESA).
MOi scence anh phi mot khu vuc co dién tich
10.000 km? (100 x 100 km) véi d6 phan giai 30 m.
Hai v¢ tinh nay thu anh tai cuing mdt khu vyc chi
cach nhau 1 ngay. Pay 1a mot uu diém ndi bat so
vOi anh nhan tr cac hé théng vé tinh khac do su
twong quan gitta hai anh thu duoc tai mot khu vuc
rat 16n, tao diéu kién t6t cho cac ung dung trong
giao thoa SAR. Bang 1 duédi day trinh bay cac
thong s6 chinh cua cip anh duoc sir dung:
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Hinh 5: Khu vue nghién ciru va cap dnh radar sir dung trong nghién ciru
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Phan A: Khoa hoc Ty nhién, Céng nghé va Méi trwong: 36 (2015): 77-87

Bang 1: Théong tin vé cip dnh Radar giao thoa sir dung trong nghién ciru

Théng sb Anh ERS-1 Anh ERS-2
Ngay chup 27/02/1996 28/02/1996
Do cao v¢ tinh (km) 785 785
Goc nghiéng qui dao 98,54° 98,540
Chu ky chup (ngay) 35 35
Goc nhin (look angle) 23,330 23,330
Chiéu rong dudng quét (km) 100 100
Budc song (cm) 5.6666 (C band) 5,6666 (C band)
Tén s6 (Hz) 5300 5300
Phan cuc \'A% \'A%
Phan giai mat dat (m) 30 30

Kiéu dinh dang di liéu gdc

CEOS-SAR-CCT

CEOS-SAR-CCT

3.3.2 Két qua thuc nghiém

Pha giao thoa

Gidai mo pha

DEM

Hinh 6: Két qua thye nghiém

3.3.3 So sdnh danh gid két qua thiee nghiém

Dé danh gia d6 chinh xac ciia DEM duoc thanh
1ap tur cap anh radar giao thoa, tadc gid c6 st dung
DEM dugc thanh lap tir cip anh lap thé hang
khong (DEM duogc ndi suy tu dong va dugc bién
tap trén tram do anh sb Intergraph). Hinh anh 2D
va 3D cua cac DEM dugc thé hién nhu Hinh 7. Hai
mit cit & khu vuc dong bang va khu vuc doi nuai
dugc st dung dé danh gia chat lugng cia DEM
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InSAR (Bang 2). Két qua cho thidy d¢ chinh xéac
ciia DEM InSAR c6 thé dat d6 chinh xac kha cao &
ca khu vuc ddi niii va dong bang. Tuy nhién, & khu
vuc ddi nui sy khac biét giita DEM InSAR va
DEM lap thé 16n hon & khu vuc dong bang, diéu
nay co thé dugc giai thich boi chit lwong DEM
InSAR phu thudc vao gia tri twong quan anh, khu
vue ¢ tuong quan tt s& cho DEM c6 chét luong
t6t hon so véi khu vuc co twong quan thap. Khu
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vuc dong bang c6 tuong quan cao hon do cac yéu
td bé mit it thay ddi (nha ctra, duong xa,...), trong
khi d6 khu vuc ddi nai c¢6 tuong quan thap hon do
cac yéu t6 bé mat chu yéu 1a thuc phu (rimg), do
chénh cao dia hinh 16n, do khuét nti. Ngoai ra, do
chinh xéc ctia két qua phy thudc vao nhidu yéu to
khac nhau nhu bo cam bién thu nhén anh, khoang
cach duong day, sy twong quan cua cédp anh, thuat
toan cho bai toan gidi m¢ pha. Pac biét, bai toan
mé pha can dugc gidi mot cach chinh xac va doi
hoi cac diém khéng ché dugc do dac truc tiép trén
thuc dia.

DEM InSAR (3D)

Phan A: Khoa hoc Tu nhién, Cong nghé va Méi truong: 36 (2015): 77-87

Ngoai ra dé danh gia kha niang sir dung cua
phin mém NEST va SNAPHU trong thanh lap
DEM st dung cap anh SAR giao thoa, tac gia da st
dung phan mém thuong mai SARScape xir 1y ciing
cap anh dé tir d6 dua ra cac tiéu chi danh gia bao
gom: Chi phi ban quyén ciia phin mém xir ly
(Cong ty trach nhiém hitru han ANTHI Viét
Nam,2013), cac chirc nang hd trg trong xu ly cua
phan meém, céu hinh may tinh yéu ciu, yéu cau vé
phin mém hd tro va thoi gian xur 1y (cho cip
anh radar giao thoa st dung trong nghién cuu)
(Bang 3).

DEM lap thé hang khéng (3D)

Hinh 7: Hinh anh DEM InSAR va DEM lp thé hang khong

Béng 2: So sanh DEM InSAR va DEM lap thé

Vung dong bang

DEM InSAR DEM lap thé So sanh
Do cao 16n nhat 83.6 m 76.0 m 7.6 m
D6 cao nhé nhat 403 m 40.0 m 0.3m
D§ cao trung binh 56.2m 542 m 2.0m

Ving doi nii

DEM InSAR DEM lap thé So sanh
Do cao 16n nhat 785.8 m 764.4 m 21.4m
D6 cao nho nhit 460.5 m 463.1 m -2.6m
D¢ cao trung binh 600.5 m 596.5 m 4.0 m
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Béng 3: So sanh SARScape véi NEST va SNAPHU

Phan A: Khoa hoc Tu nhién, Cong nghé va Méi truong: 36 (2015): 77-87

Phan mém

Danh myc so séinh SARScape NEST va SNAPHU
Chi phi ban quyén 503,360,00 VND 0 VND
Chirc néing ho tro: i .
- Chite néngg xr Iy anh SAR level 0 (ERS-SAR, 0 Khong
ENVISAT ASAR, ALOS-PALSAR) ) )
_ Chite nang xir Iy anh SAR level 1 6 6
- Chuc nang xuat két qua xu ly sang cic phan
mém khac (KML file cho Google Earth, Shape C6 Co
file cho ArcGIS,...)
-Chtrc nang cit anh, loc anh, loc pha giao thoa va
cac cac chic nang phuc vu viéc phan tich anh C¢ Co
(Raster calculator)
- Chtre nang hién thi giao dién ngudi dung Co Snaphu (Khong)
N ., Toi thieu 1GB 06 ctng, Toi thieu 1GB 06 ctng,
Cau hinh my tinh 512MB RAM 512MB RAM
H¢ diéu hanh Linux & Window Snaphu (Linux)
Phan mém hd tro ENVI Khong
Thoi gian xir ly 2h 2h30°

4 KET LUAN

K¥ thudt InSAR 1a mét k¥ thuat dot pha trong
linh vyc cong nghé vién tham va da md ra mot ki
thuat hién dai cho viéc xay dung DEM. Tuy nhién,
day 1a mot ky thuat kho nén trong qua trinh xt ly
doi hoi do chinh xac cao, ngay tr budc dang ky
anh (doi hoi do chinh xac dén 1/10 pixel). Chat
lugng cua DEM xay dung tir cdp anh SAR giao
thoa phu thudc vao tinh twong quan giira 2 anh.
Trong cung mét cap anh, khu vuc nao c6 tuong
quan tot s& cho DEM c6 chit lwong t6t hon so véi
khu vire ¢6 twong quan thap.

Két qua dat duoc cho théy d0 chinh xac cua
DEM tao tir cip anh SAR c6 thé dat d6 chinh xac
kha cao & khu vyc mién nai va & khu vyc dong
bang. Tuy nhién, mic d6 chinh xac cua két qua
phu thudc vao nhiéu yéu t6 khac nhau nhu bd cam
bién SAR thu nhan, khoang cach duong day, su
twong quan cua cap anh, thuat toan cho bai toan
giai mo pha,... Dac biét, bai todn md pha can duge
giai mot cach chinh xac va doi héi cac diém khéng
ché duoc do dac truc tiép trén thuc dia.

Viéc nghién ctru st dung phan mém ma ngudn
md NEST va SNAPHU dem lai hiéu qua kinh té va
ky thuat cao. Vé mat kinh té, phan mém NESTva
SNAPHU nho gon, khong doi hoi mdy tinh c6 cau
hinh cao, hoan toan mién phi so v6i cac phan mém
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ban quyén rat dat tién khic nhu GAMMA,
SARSCAPE, ERDAS, EarthView,... vé mit ky
thuat, phin mém rat dé s dung va hoan toan 1a ma
ngudén mé nén ngudi xi 1y hoan toan co thé can
thiép & mot mirc d6 cho phép dé phuc vu cong viéc
xu ly anh.

Nhimng két qua budc ddu dat duoc trong Dé tai
nay hy vong goép phan dang ke trong tng dung ky
thuat méi va nhimng van dé can luu y khi xay dung
DEM tir cap anh radar giao thoa thi budc khop anh
va giai pha mang tinh quyét dinh.

Xay dyng mo hinh s6 d6 cao DEM ciing chi 1a
mot trong nhitng ng dung cua cdp anh radar giao
thoa, quan trong hon la nhirng tng dung cua ching
trong viéc quan tric va phat hién bién dang bé mit
dia hinh nhu lun dét, hoat dong cua nii lira, chuyén
dong bang troi,... bang ky thuat DInSAR (ky thuat
giao thoa vi phﬁn), ky thuat PSInSAR (giao thoa
tan xa ¢ dinh), k¥ thuat Sar Tomography...
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