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Abstract: With population growth, water demand is expected to tremendously increase in the next
decades. The optimization of water allocation for agriculture requires soil moisture monitoring.
Recent studies suggested to take advantage of continuously emitted navigation signals by the
Global Navigation Satellite System (GNSS) constellations, to retrieve soil moisture variations.
This active remote sensing technique, known as GNSS Reflectometry (GNSS-R), consists in
comparing the interference of reflected waves by the ground and those which come directly from
satellites. It offers a wide range of applications in Earth sciences and particularly in soil moisture
monitoring, this technique has shown their efficiency for soil with high clay content. It namely
presents the advantage of sensing a whole surface around a reference GNSS antenna. In this
article, we focus on soil moisture monitoring of sandy areas. The study site is a beach volley field,
located in the Paul Sabatier University campus in Toulouse, France, the soil contains 100% of
sand. We demonstrated that the waves of the GNSS signals penetrate deeply into the soil and
reduce the interest of GNSS-R surface moisture measurements. However, it is possible to retrieve
a correct estimate of the soil moisture at 0.1m depth and to obtain a very good temporal monitoring
with the benefit of a spatial resolution directly correlated to the antenna height.

Keywords: GNSS-Reflectometry, Soil moisture, Signal-to-Noise-Ratio (SNR), Interference
Pattern Technique (IPT)
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1. GIOI THIEU

Nudc 12 ngudn tai nguyén thiét yéu quyét dinh sy sdng con ctia nhan loai, dam bao an ninh
lwong thyc va sy phat trién bén vimg ctia mdi qudc gia. Tir dau thé ky 20, nhu cau tiéu thy nudc toan
cau ngay cang ting, chu yéu do su gia ting din s6, qué trinh mé rong cong nghiép héa — do thi hoa
din dén viéc nguén nude bi 6 nhiém va ngay cang can kiét. Dudi tic dong cta bién d6i khi hau, han
han ngay cang nghiém trong ¢ nhiéu noi trén thé giéi. Trong tuong lai, khan hiém nudc s& 1a mot
van dé nghiém trong, de doa tryc tiép dén sy sinh ton va phit trién bén viing. O nhiéu qudc gia, dic
biét 1a cac nudc c6 khi hau kho han, noi nguén nudc bi han ché va cha yéu dén tir cac ho chtra nude
ngam & mirc thap va khong thé téi tao. Khoang 98% lwong nude trén trai dat 1a nude man, chi c6 2%
1a nudc ngot. Trong s6 2% d6, 70% lugng nudce 1a tuyét va bang, 30% 1a nudc ngam, dudi 0.5% la
nude mit & cac séng, hd va khoang 0.05% 13 hoi nudce trong khi quyén. Chinh vi vay, viéc theo doi,
gidm st chu trinh nudc va quan 1y ngudn nude ngdm ¢ ¥ nghia quyét dinh. Do 4m dét 1a mot trong
nhitng théng sd quan trong dé thuc hién cac nghién ctru khi hau, du béo thoi tiét, phéan tich 1i lut,
phat trién néng nghiép bén vimg va tii tao tang chtra nudc ngam. Trong ndng nghiép, phén tich
chudi thoi gian thuc vé diéu kién d6 4m ciia dat s& cho phép ngudi ndng dén tdi wu héa viée quan ly
va st dung dét dai. Céc k¥ thuat do luong hién c¢6 nhu sir dung dir li€u vé€ tinh InSAR, cam bién
tham do tai chd, anh nhiét...déu c6 cac dic diém khac nhau vé do phén giai khong gian (di¢n tich
nho nhét duoc dai dién boi mot phép do hay kha nang ctia cam bién c6 thé nhan biét mot chi tiét),
dd phan giai theo thoi gian (d) 1ap cua tri do) va do chinh xac (chét lugng cua phép do dugc thuc
hién boi cam bién). Tuy nhién, dé t6i wu héa cic tham sd ndy can chi phi rat 16n va khé thoa man
duogc dong thoi ca ba diéu kién trén. Cac dau do do am thong thuong chi cung cap cc phép do diém
(vai cm?), khong dai dién cho ca khu vuc. Do dé, cic quan sét tai chd vé do Am dat sur dung cam bién
dau do tuy c6 do chinh xac va do phéan giai thoi gian cao nhung lai c6 tinh dai dién khong gian rat
thap (Mougin, E. et al., 2009).

Véi su ra doi cua ki thuat vién tham, do am dét c6 thé dugc do trén quy md toan cau voi do
phan giai khong gian va thoi gian ngay cang dugc cai thién. Vi du, do phan giai theo thoi gian cia
thiét bi do dd6 4am SMOS (Soil Moisture Ocean Salinity Satellite) 1a 3 ngay tai xich dao va véi do
phan giai khong gian khoang 43km (Kerr, Y. H. et al., 2010). Pdi véi cac cam bién vi séng chii dong
nhu COSMO-SkyMed, tity thudc vao ché d6 thu nhan, d phan giai khong gian c6 thé dat dén vai m
nhung d6 phan giai thoi gian dao dong tir 12 gior dén vai ngay. Pé quan 1y bén viing tai nguyén nudc,
diéu can thiét 12 phai nang cao hiéu biét ctia chiing ta vé bién dong d6 am dat va d6 am cua bé mit
dat (SSM) c6 lién quan nhu thé ndo véi nuéc ngadm (Aranyossy, J. and Ndiaye, B., 1993;
Archambault, J., 1960). M6t yéu t& quan trong dé nang cao hiéu biét nay 12 théng qua viéc cai thién
gidm sat do 4am & quy md cuc bo dén quy mod trung binh lién quan dén d6 phan giai thoi gian cao.

Céc nghién ctru gan day da dé xuat viéc tan dung cic “tin hiéu co hoi” nhu séng dién tir duoc
lién tuc phat ra boi cic chdom sao vé tinh cta hé théng dinh vi toan ciu (GNSS) bao gdm GPS,
GLONASS, GALILEO va Compass/BeiDOU....Tir d6 c6 thé truy xut cic thong sd dia vat 1y khac
nhau ctia bé mat Trai dat vi do phan giai khong gian, do phan giai thoi gian va do chinh xac cao
(Darrozes, J. et al., 2016). K§ thuat vién tham co hoi nay, duoc goi 1a phép do phan xa GNSS (GNSS-
R), dua trén viéc phan tich cac song GNSS nhén dugc boi mot ang-ten sau khi phan xa trén bé mat
Trai dat, duoc goi la tin hi€u da duong "multipath" (Darrozes, J. et al., 2016; Roussel, N. et al.,
2014). Tin hi€u phan xa GNSS cung cép mot loat cac rng dung trong khoa hoc Trai dét va dac biét
1a trong gidm sat do 4m dat. Cho dén nay, cdc ky thuat nay hau hét dugc sir dung dé 1dy d6 am dat
ctia dat c6 ham lugng dat sét phong phii. Do phan giai khong gian 12 mot ham cta do cao dng-ten
trén bé mit phan xa (d6i v&i mot chom sao vé tinh nhit dinh trong mét khoang thoi gian xac dinh).
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Mot khu vye xung quanh dng-ten tir vai mét dén vai km s& bi bao phii bai phan xa ciia séng dién tir.
Dé phu séng vai km, thiét bi phai & do cao nhit dinh (< 293 m) (Ribot, M. A. et al., 2016). B phan
giai theo thoi gian phu thudc chii yéu vao thuat todn tinh toan duoc sir dung dé udc tinh su thay doi
d6 am cua dat, thuong tir vai gid hodc vai ngay (Chew, C. C. et al., 2014; Larson, K. M. et al., 2010).
Nghich dao d6 am dat dua trén su twong tac cua song GNSS phan xa trén mat dét va do d6 chira
thong tin vé cac diac diém ctia bé mat phan xa, ddc bi¢t 1a ham lugng nudc ¢ do sau tir 2-5 cm
(Roussel, N. et al., 2016). Sy giao thoa ctia séng truc tiép va séng phan xa dic biét ddng chi y trong
gid tri ty 1& nhidu trén tin hidu (SNR) duoc may thu ghi lai. Céc bién thé vé ban chét cia bé mat (chu
yéu 1 thanh phan dat, d6 4m, d6 nham) va cdc dic tinh cia né 1am thay di tin hiéu phan xa GNSS,
va do d6 SNR c6 thé dugc phan tich dé udc tinh d6 am dét. Phuong phéap udc lugng nay cé uu diém
chinh 14 d& dang 4p dung bang céch sir dung bat ky dng-ten GNSS thong thuong nio (dic biét 1a
ang-ten cia mang ludi GNSS ¢ dinh hién c6) ma khong can bat ky sira ddi phan ctig ndo. K§ thuat
nay da duoc ap dung thanh cong dé 1ay lai d6 am dat trong cac diéu kién moi trudng dat trong va dat
c6 thyc vat thua thot (Chew, C. C. et al., 2014; Chew, C. C. et al., 2015; Rodriguez-Alvarez, N. et
al.,2011; Zhang, S. et al., 2018; Zhang, S. et al., 2017). T4t ca nhitng nghién ctru nay déu thanh céng
trong viéc ldy lai d6 4m cua dat, nhung chi duy nhat d6i voi truong hop dét trong hodc c6 ham luong
dat sét phong phii.

Muc dich ctia nghién cttu nay la chirng minh cac thuat toan GNSS-R dya trén mdt ang-ten don
dugc st dung dé ldy do am bé mat cua dat cat trong diéu kién do am dat rat thip. Phuong phap nay
dua trén viéc phan tich dir liéu SNR lién tuc dugc thu boi dng-ten tric dia. Dit liéu SNR két hop ca
tin hiéu truc tiép va tin hi€u phan xa. Su thay ddi do 4m cua 16p dat bé mit, c6 kha nang lam thay
ddi cac diac tinh dién tir cia song phan xa, tuc la héng s6 dién moi phtc tap phu thudc vio do dan
dién va mbi quan hé ciia chiing. Hai tham s6 khac nhau duoc phén tich 12 pha va tan s6 cta tin hiéu
da duong (multipath) dong gép vao SNR c6 lién quan truc tiép voi chiéu cao ang-ten (Lopez, T. et
al., 2016). Két qua thu dugc tur téng s6 chom sao vé tinh GNSS khéc nhau s& duoc sit dung dé mé
pha theo chu ky va s& duoc danh gia bang cich sir dung cic ban ghi do am dat doc 1ap dugc do tai
hién truong bang cich sir dung cam bién dau do Theta (Roussel, N., 2015).

Nghién ciru ndy trinh bay két qua thir nghiém tai khu vuc sin béng chuyén trong khuén vién
dai hoc Paul Sabatier, Toulouse, Phip vi 3 ngay thu dit liéu tir 25 dén 27 thang 4 nam 2015. B9 dir
lidu thir nghiém nay cung cap mdi twong quan cua cic tham sd khac nhau bang ky thuét giao thoa
(IPT) dya trén SNR. Cac thong s nay twong ng voi dd am dét va chiéu cao ang-ten.

2. PHUONG PHAP NGHIEN CUU
2.1. Ky thuiat mé hinh giao thoa - IPT

Phuong phap nay dya trén tin hi¢u da duong c6 mat trong dit liéu SNR, dugc thu nhan lién tuc
b6i mot mdy thu tric dia va dng-ten di kém cua né (Hinh 1a) véi tan s thu 1a 1 Hz. Tin hiéu phan
xa s& anh huong dén SNR bang céch tao ra mot dao dong trung gian tir tan s thap dén tan sb cao
(phu thudce vao goc cao vé tinh) vdi bién dd nhé hon tin hiu tryc tiép. Do tin hiéu truc tiép duoc uu
tién hon tin hi¢u phan xa béi do tu cda tin hi¢u khi thiét ké ang-ten, vi vay tin hi¢u truc tiép chi phéi
hinh dang chinh cta chudi thoi gian SNR (Hinh 1b). Dé phén tich thanh phan cia da duong, phan
d6ng gop cua tin hidu tryc tiép phai duoc loai bo khoi dit liéu SNR thd. Cach phd bién 1a didu chinh
va loai bo ham da thirc bac hai don gian cho chudi thoi gian SNR tho dé c6 dugce ham da thirc SNR
cua tin hi¢u da duong multipath (Larson, K. M. et al.,2008).
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Hinh 1. (a) Twong tdc gitva song dién tir GNSS va be mdt phan xa: Song triec tiép dugc thu boi
mdt phan cwc phdi (RHCP) va song phdn xa dioc thu boi mat phdn cuc trdi (LHCP). (b) SNRiwia1 =
SNRirect + SNRw va phén déng gop ciia SNR,, sau khi loai bé thanh phan SNRuirect.

Hiéu tmg da dudng xuét hién rd rang trong cac phép do SNR duoc ghi boi may thu GNSS trén
céc tan s6 khic nhau (L1, L2 va L5). Sy giao thoa ndy tao ra cic dao dong c6 tan s6 f 12 mot ham
hinh sin cﬁa gbc cao vé tinh va c6 thé dugc mo hinh héa nhu sau (Torbern, T. et al., 2015):

f _ ( tan (9) + heff) (1)

Trong do. he £rla chiéu cao dng-ten so v4i bé mat phan xa bién thién theo thoi gian. 8 1a goc

cao vé tinh. h =dh/dt 14 van tdc doc ctia bé mit phan xa (m/s). 8 vén tdc ciia goc cao vé tinh. A 14
chiéu dai budc séng.

Tan s6 f thuong dugc ude tinh bang cach sir dung cira s6 truot tir chudi thoi gian SNR,,, (SNR
multipath) va str dung biéu d6 chu ky (Lomb-Scargle Periodogram) (Lomb, N. R., 1976; Scargle, J.
D., 1982) dwa trén k¥ thuat phan tach hai hoa Furier. Tan s6 cua dao dong da duong ty 1¢ thudn véi
d6 cao ang-ten H, trén bé mat phan xa. Cac dinh ciia biéu dd duoc gitr lai phai dat 1% (Fei Li., 2018)
va xdc dinh muc t6i da gitta fi,,q, VA fipin bang cach st dung Rygy, Amin (chiéu cao dng-ten 16n nhat
va nhé nhét c6 thé dat duoc trong sudt qua trinh do).

Trén quan diém dién tir, chidu cao dng-ten thay d6i ngay ca v4i bé mit khong chuyén dong.
Nhiing bién d6i nay la do sy tham nhap cta séng radar vao 16p thuc vat va dat, phu thudc vao do am
d4t, do nham, loai dat va mat d6 tham thuc vat. Theo (Larson, K. M. et al., 2008), gia dinh r?mg chiéu
cao ang-ten khong ddi theo thoi gian (h, Ff = hang s8), SNR,,, ¢6 thé duoc biéu dién boi ham cia 3
an sb heff, A va @y

()

Trong d6: A, 1a bién do ctua dao dong da duong biéu thi cuong do tin xa ngugc cua bé mat
phan xa. @ 12 pha ctia dao dong da duong. A,, bao gdm ca md hinh khuéch dai va cudng do cua tin
hi¢u da duong, ca hai déu phy thudc vao goc cao vé tinh. Quan sat thyc dia cho thdy nhitng hiéu img
nay vé mit pha va bién do c6 mdi tuong quan chat ché voi do am dat (Larson, K. M. et al., 2010).
Hon nita, nhitng quan sat niy da chi ra rang anh huong cta d6 am dét nhay véi @.hon 1a 4,, (Chew,
C.C, etal., 2015; Roussel, N. et al., 2016).

SNR,, = A, c os( Lsin(0) + @,y )
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Khi tan s6 cta dao dong da duong f duoc giai quyét, h, 7 va hcod thé dugc xac dinh, do d6
phuong trinh f cho vé tinh i tai thoi diém 7 dwoc tinh nhu sau:

fi®) = Uih() + Vihesf (1) (3)
Trong d6: U; = %g_(gi) , Vi = 4711 . Néu c6 n vé tinh quan sat dugc tai thoi diém ¢ ta c6 hé

phuong trinh:

A = Ush(e) + Vihess(t)
: 4)
fn(t) = Unh(t) + Vnheff(t)

Hodc thé hién dudi dang ma trén:

F = Uh(t) + Vh(t) = AX (5)
h(t)
hegr(t)
qua muc c6 thé dugc giai quyét bang cich sir dung phuong phap binh phuwong nho nhat dé giai quyét

cung lic heff va h (Roussel, N. et al., 2016):

X = (A'A) T (A'F) (6)

Pé 1ap ban dd chinh xac, can phai c6 mot phép do ting vé tinh tai mdi thoi diém 7 va trong
truong hop d6 ching ta phai giam s6 lwong an chua biét. Trong trudng hop nay, ching t6i sir dung
phuong phép tinh duoc dé xuat bai Larson et al. 2010, su thay doi chiéu cao 12 khong dang ké
(|h|<1.10‘5 m/s), cdng thirc (1) co thé duogc viét dudi dang:

f="hers )

Cong thirc (7) cho thay tan s ciia dao dong da duong f ty 1¢ v6i chidu cao dng-ten h, £f vaco

Trong d6: A ma tran cau hinh, X twong ng véi vector ( ) ; khi ta c6 hé thong danh gia

thé duogc tinh cho ting diém dic trung cta chudi thoi gian do do 4m.
2.2. U'éc tinh d9 Am bé mit dat (SSM) & viing dét cat bang k¥ thuét IPT va phwong phap mé
pha (Unwrapping phase)

Theo phuong trinh (2), 3 an s h, 75> Amva @ cO thé duoc tinh tir SNR bang k§ thuét IPT cho
moi vé tinh GNSS. Tin hiéu SNR duoc tinh & hai trudng hop goc cao vé tinh thép (LSE) va gbc cao
vé tinh cao (HSE). Do sy thay d6i pha sau khi sir dung hAm mé pha @,,,,,, chiéu cao ang-ten thu
dugc heps ty 16 v6i tan s6 f (Eq. 1). Bién d6 da duong A, khong déi (vi né phu thude vao md hinh

khuéch dai va cuong d6 cta da dudng) va ding dé tinh lai chiéu cao ang-ten méi. C6 thé x4c dinh

chiéu cao dng-ten sau khi sir dung giai doan md pha eff theo cong thic:
unw _ -1 SNRm) _ ) A
eff — (COS ( Am DPunw ) X (4mxsin(8)) &)

Tir d6, chiing t6i d& xudt mot chudi xur 1y phirc tap dé wéc tinh SSM trong viing cat bang k¥
thuat IPT va phuong phap md pha (Hinh 2). Bién dong d6 am bé mit dat ty 1& voi mire tdi thiéu va
t6i da cua chudi thoi gian tinh todn mai ciia Punw va h’;}’}” duoc tinh toan. Hé s6 twong quan (R) la
thudc do twong quan tuyén tinh gitra timg chudi thoi gian nay va thé tich d6 am dat (VSM) dugc do
bang dau do Theta. Sai s6 trung phuong tong (RMSE, ;) duoc tinh theo cong thirc:

RMSE¢ytqr = RMSE,, + RMSEgg + RMSE,qtia1 9

Trong d6, RMSE,, 1a sai s6 do su khéc nhau gitra am wdc tinh tr SNRy, va 6 liéu do am
do bang diu do Theta. RMSEg 1a sai sb thiét bi phu thudc vao gbc cao vé tinh, do nham bé mit va
d0 sdu thdm nhap cua song dién tir. RMSEp 416 12 sai sO gy ra boi su thay do6i vé khong gian cua
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d6 am tai khu vyc thuc nghiém.

SNR traitement
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Hinh 2. So' d6 quy trinh chuéi xir Iy dit liéu SNR dé wéc tinh dg am bé mat dat ¢ vimg cdt bang
ky thudt IPT va phuwong phdp Unwrapping phase.

3. KHU VU'C THUC NGHIEM VA DU LIEU SU DUNG

Thyc nghiém nam trong khudn khé du 4an MISTRALE H2020 (http://www.mistrale.eu/). Mot
may thu GNSS Leica GR25 va ang-ten AR10 da duogc cai dét tai trung tAm cua san bong c6 dién
tich 25x30 m? (toa d6 43°33°46.93” N; 1°28’16.57” E) trong khudén vién trudong dai hoc Paul
Sabatier, Toulouse, Phap (Hinh 3a). San béng duogc coi 1a khong ¢6 su thay doi vé dia hinh dang
ké, duoc gia dinh 12 mot bé mat phang trong mo phong cac diém phan xa (khong hiéu chinh DEM).
Dja diém nay c6 nhiéu vu diém: i) Bao gdm 100% cit sach, hat dong nhét, kich thudc nhd, c6
duong kinh tir 0,3- 5,0 mm; ii) Mat dat thoat nudc tot nén nude khong bi dong lai ngay ca trong
truong hop mua 16n; iii) PO am cia cét thay doi rat nhanh vi cét c6 d6 thim thau cao ~ 10 m/s.
Diéu nay cho phép chiing t6i sir dung mot chudi thoi gian ngan (vai ngay) dé dinh lugng anh hudng
cia mot lwong mua dot ngdt va cho thay hiéu qua ctia phuong phap.

Céc tan sb L1 (S1C, 1575.42 MHz), L2 (S2W, 1227.60 MHz) cta vé tinh GPS va tan sd L1
(S1C, 1598.06 — 1605.38 MHz) ctia vé tinh GLONASS dugc thu lién tuc trong 3 ngay mua, tr 25
dén 27 thang 4 ndm 2015 & tan sd ldy mau 1Hz. Chiéu cao ang-ten dugc lip dat cach mat dat 4 m.
Do day 16p cat ciia khu vyc thyc nghiém duogc xac dinh bang dng-ten Ground Penetrating Radar
(GPR Mali Ramac X3M) véi tan s6 500MHz: d6 day trung binh do dugc 12 0,7 m va do sdu dao
dong trong khoang 0,35 m dén 1,10 m (Hinh 3b). Dé tinh phan b khong gian ctia do 4m, chiing tbi
tién hanh do 30 diém phan bd déu trong khu vuc sin bong bang diu do Theta va ndi suy theo
phuong phép trung binh c6 trong s ty 18 nghich voi khoang cach Inverse Distance Weighting
(IDW) dé tao ban d6 do am dat (Hinh 4c). M6 hinh két qua kha phit hop véi d6 day cat, nhitng khu
vuc c6 do day cat 16n thuong c6 ham luong nudc déng ké (VSM thay doi tir ~ 7,5% dén 13%) va
nguoc lai ham lugng nudc thap (VSM thay doi tir ~ 1,5% dén 3,5%) cho khu vuc c6 do day cat
thap.
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Hinh 3. Khu vue thue nghiém: (a) Vi tri khu viee san bong chuyén tai dai hoc Paul Sabatier, Toulouse,
Phdp; (b) Ban d6 d¢ sau lép cdt dwoc do bang Ground Penetrating Radar (GPR) véi dng-ten
500MHz; (c) Ban do dé am dar cia lop cdt dwoc tao b&ng noi suy IDW cua cdc diém do dwoc & dé
sdu 7 cm s dung cam bién dau do Theta. (d) Vi tri ciia mdy thu GNSS va dau do Theta, ban do cdc
diém phan xa cia vé tinh GLONASS va bé mdt phan xa Fresnel cia chiing dwoc thuc hién ngay 24
thdng 4 nam 2015.

Dé theo doi su thay d6i do 4m dat cua san béng, mot cam bién dau do ML3 Theta (46 chinh
xdc = 0.01 m*/m™) da duoc lap dat & do siu 7em (Prem), cach may thu GNSS 1m (Hinh 4d). Dit liéu
duoc thu lai sau mdi 5 phut. Nhitng dir liéu niy duoc sir dung dé xac nhan két qua do do am tir SNR
bang phuong phap cta ching toi.

4. KET QUA VA THAO LUAN

Trong khoang thoi gian thu nhén tin hiéu SNR, dau do Theta ghi lai cic gia tri VSM nim
trong khoang tir 2.68% dén 6.62%. Tét ca cac tin hiéu phan xa nam ngoai khu vuc sin choi duoc
loai bo khoi tin hiéu phén tich. Hinh 3d thé hién mo6 phong bé mit phan xa Fresnel tai goc cao thap
tr 10° dén 30° (ellip mau xanh 14 céy) va tai gbc cao vé tinh cao trong khoang 30° dén 70° (ellip
mau hong tim). Chi nhitng tin hiéu SNR tir gc cao vé tinh trong khoang 30° dén 70° duoc xir 1y dé
tranh nhiu phan xa tir khu vyc bén ngoai sian béng.

Dit liéu SVM duoc tinh tir gid tri @, va @y clia SNR dugc so sanh véi SVM do bang dau do
Theta dit & dd sdu 7cm cho cdc chdom sao khac nhau (GPS, GLONASS va két hop ca GPS va
GLONASS). Két qua tinh toan d6 léch bias, sai s trung phuong RMSE va hé s6 twong quan R duoc

7
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thé hién trong bang 1 va hinh 4.

Bang 1. Hé s6 twong quan R gitta @, Punw (w6c tinh bang phwong phdp két hop ky thudt IPT va
Unwrapping phase véi géc cao vé tinh Ién) véi VSM ghi dwoc bang dau do Theta dét & dg sau 7cm
cho cdc chom sao vé tinh khdc nhau (GPS, GLONASS, GPS+GLONASS) trén band L1.

BIAS | RMS | RMSE R
By Do [VSM (%Vol) | (%Vol) | (%Vol) | (%Vol)
@ (GPS) * 0.98 1.13 1.49 0.08
@unw (GPS) ** 0.36 0.63 0.72 0.74
®. (GLONASS) * 0.47 1.22 1.30 0.12
@uw (GLONASS) ** 0.04 0.54 0.54 0.86
®.(GPS+GLONASS) * 0.84 1.11 1.39 0.10
®uw (GPS+GLONASS) ** | 0.85 0.52 1.00 0.82

* Before unwrapping phase

** After unwrapping phase

Phase estimated from SNR_ - IPT method
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Hinh 4. Chudi bién dong theo thoi gian cia @y (dwong red), hess (duong magenta), @unw (duwong
green), hgff (duong blue) va s6 liéu do am dat do doc lap (dwong cyan) & do sau 7 cm tai khu viec

thue nghiém sir dung SNRm trén band L1 cua chom sao GLONASS voi goc cao vé tinh tie 30°-70°.

Khi chua mé pha, VSM uéc tinh truc tiép tir dit liéu SNRim khong ¢6 sy twong quan véi VSM do
bang dau do Theta. Khi bé mit phan xa 12 100% cat, gia tri d6 am dat c6 thé duoc khoi phuc tir SNR
bang phuong phap mé pha. Két qua cho thay, hé so tuong quan R gitta SVM udc tinh tir @, va dit
liéu do doc 1ap béng dau dod Theta & d6 sau 7cm dat 0.74 khi sit dung vé tinh GPS, 0.86 vé&i vé tinh
GLONASS va 0.82 khi két hop ca hai vé tinh. Do 4m dat udc tinh tir dit liéu GLONASS c¢6 d6 twong
quan tdt hon so vé6i dit 1iéu GPS don 1¢, tin hiéu GLONASS duong nhu nhay cam hon véi do am
dat c6 thanh phan 100% cét so véi tin hiéu GPS. Diéu nay ciing c6 thé giai thich do & géc cao vé
tinh tir 30° dén 70°, sb lugng vé tinh GLONASS quan sét dugc nhiéu hon sb vé tinh GPS.

Chiing t6i quan sat thay c6 su thay doi 16n (~14%) do am dét tai khu vyc nghién ctru tiry thudc vao
vi tri dat cam bién dau do (Hinh 3c¢). Nhiing thay doi nay ro rang phu thudc vao d6 day/do sau cua
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16p cét (Hinh 3b). Thé tich 1dy mAu cua dau do Theta ~ 0.00075 m? véi d6 am trung binh 12 3.95%
+/- 0.95%. D6 phan giai khong gian sir dung k¥ thuat GNSS-R = 189 m? (bé mat phan xa Fresnel
ctia tin hiéu phan xa thu duoc & géc cao vé tinh tir 30° dén 70° trong hinh 3d) twong tng véi thé tich
= 51.79 m’. VSM duoc tinh b@'mg cach nhan dién tich ctia bé mit phan xa GNSS-R véi d6 sau dam
xuyén trung binh 1a 0.27m +/- 0.1 m (Béang 2).

Bdng 2. Thong ké d¢ phan gidi khong gian bang cdc phwong phdp khdc nhau: Dit liéu tai ché sir
dung dau do Theta don 18, ban do do am duwoc tao tir mang lwoi do ditng dau do Theta va GNSS-R.

Method Area Volume Mean STD RMSE Depth
(m?) (m?) VSM (%) | G (%) I (%) (cm)
Probe alone 0.03 0.00075 3.95 0.95 - 7425
0.03 0.00075 3.84 1.19 - 7425
Map of the probes 189 17.955 482 0.69 1.28 7425
36 0.985 437 0.97 0.66 27.4+10
GNSS-R 189 51.786 421 0.91 0.54 27.4+10

Két qua trong bang 2 cho thay, sai s6 trung phuong nhan dugc tir dit liéu GNSS-R (RMSE ~
0.6%) nho hon sai s6 trung phuong cua dit liéu ban d6 do am (RMSE ~ 1.3%). Thong ké vé d6 phan
giai khong gian bang cic phuong phap khac nhau: phép do tai chd s dung dau do Theta don 1¢ 1a
0.03m?, ban do do am duoc tao tir mang ludi do ding dau do Theta ~189m? va GNSS-R ~189m?>.
Diéu nay c6 thé dugc giai thich boi sy khac biét vé ty 1& dién tich, ddu do Theta chi do dugc trén bé
mit c6 dién tich vai m? trong khi GNSS-R truy xuét twong tmg véi bé mat phan xa Fresnel phu thudc
vao chiéu cao ang-ten, ang-ten cang cao thi dién tich bé mit phan xa GNSS-R cang 16n. Gia tri
am trung binh tinh tir GNSS-R cho khu vuc nghién ctru ~ 6% +/- 3%. Nghién ctru da chimg minh
rang c6 thé str dung dir liéu GNSS-R dé phét hién sy thay d6i do am cua dét trong truong hop dat
cat bang k¥ thuat mo pha. K§ thuat md pha gitp ting do chinh xac cta s6 1an truy xuat do am dat so
v6i tri do pha théng thuong. Tin hiéu phan xa GNSS-R cung cap thong tin ¢6 d¢ phii khong gian tot
hon ma dau do Theta khong c6 dugc. Tuy nhién, cic dau do d6 am can thiét dé hiéu chuin d6 am tir
GNSS-R, ciing c6 thé dat duoc bang phép do d6 am trong luc.

Mot dic tinh thi vi khac cia may thu GNSS 14 kha ning thay d6i quy mo nhanh chéng va
hiéu qua. Dién tich bé mit phan xa 13 tong ctia bé mit phan xa Fresnel dau tién, phu thudc vio do
cao ang-ten, goc cao vé tinh va sb vé tinh quan sat dugc tai thoi diém d6 (Hinh 5). Do d6, néu thay
d6i chiéu cao ang-ten thi dién tich bé mat phan xa s& ting, dan dén ting d6 phén giai khong gian ciia
phép do GNSS-R.
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Hinh 5. a) Sy thay ddi dién tich vung phan xa Fresnel khi géc cao v€ tinh thay ddi ; b) Su phu
thudc gitra dién tich cla bé mat phan xa, chiéu cao ang-ten va gdc cao vé tinh.

5. KET LUAN VA KIEN NGHI

Ky thuat IPT c6 dién duoc phit trién bai Larson et al. 2008 cung cép kha ning thu hoi do am
dat tot doi voi dat giau dat sét nhu trong cdc nghién ciru trude diy (Chew, C. C. Et al., 2015 ; Vey,
S. Et al., 2016 ; Zhang, S. Et al., 2017). Trong nghién ctru ndy, ching t6i da ching minh rang k¥
thuat nay ciling c6 thé duoc sir dung ngay ca dbi voi dat cat khd dén rat kho (2% <VSM <8%) néu
két hop phuong phap IPT véi phuong phiap mo pha (Unwrapping phase) dé c6 duoc phép do pha
ctia tin hiéu da dudng (SNRu) lién tuc. Trong trudng hop niy, hé sb twong quan giita cac gia trj do
am dat udce tinh dugc tir SNRy va VSM do tai chd & dd sau ~ 10cm, ¢ thé dat téi 0.86 trén khu vuc
thir nghiém véi thanh phan 100% cit.

Két qua ctia nghién ctru ciing cho thay kha nang cta ky thuat GNSS-R dé 1ap ban do bién doi
khong gian ctiia d6 am dét va c6 thé duoc thuc hién véi ca mot hodc mot vai dau do dé am. Mot danh
gia chi tiét vé két qua do 4m dugc tinh toan bang k¥ thuat IPT da chimg minh rang tri do pha mang
lai kha nang thu hoi tot nhat ddi vdi d6 am dat, sy xAm nhap ctia séng ting 1én trong diéu kién mai
truong cat kho. Bién do cua tin hidu da duong cho két qua kém do cc tham s giy 6 nhiém bién do
cua tin hiéu phan xa nhu d6 nham bé mat, do khong déng nhat cua dat. B&é mit dugc thim do phu
thudc vao chiéu cao dng-ten va do cao vé tinh, nghia 12 chiing ta c6 thé tinh toan cho quy mo khong
gian tir cuc bd dén trung binh bang cach ting chidu cao dng-ten, vi du vai m? cho chiéu cao dng-ten
~ 1,5 m dén hon 10000 m? cho chiéu cao dng-ten 50 m. C6 thé sir dung két hop tat ca cic vé tinh
GPS / GLONASS trong qua trinh xt ly dit liéu SNR dé tao ra mot chudi hoan chinh vé do chinh xéc
vé thoi gian, gidp cai thién dang ké mdi twong quan véi d6 am dat, ciing nhu d6 phan giai thoi gian
tir 1 ngay dén 10 phut.

Bén canh d6 ciing c6 thé theo doi sy thay d6i khong gian do 4m cua dét, bang cach tao ra mot
loat cac ban d6 d6 4m dét trung binh v&i d6 phan giai thoi gian 12 6 gio, 12 gio hodc theo ngay cho
bé mat dat xung quanh may thu GNSS. GNSS-R ¢6 tiém ning cung cap chudi thoi gian lién tuc va
trong mot thoi gian dai. Két qua cua nghién ciru nay c6 thé cung cap thong tin vé do am dat cho
néng dan, gidm sat sy thay d6i do am dat dé hd tro ngudi ndng dan trong qua trinh tudi tidu.

10
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