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Abstract: Extreme hydrological events become increasingly unpredictable due to climate change
and sea-level rise, highlighting the importance of coastal sea level monitoring. This study aims to
develop a Global Navigation Satellite System (GNSS) reflectometry technology that uses low-cost
multi-frequency antennas to measure water levels. A multi-frequency GNSS antenna was
installed in the Tam Giang lagoon area, Thua Thien Hue province, to collect data of
GPS/GLONASS/Galileo/Beidou satellites at 1Hz from April 10 to April 29, 2022. Water level
elevation is calculated from GNSS reflectometry data using Interference Pattern Technical (IPT)
based on Signal-to-Noise Ratio (SNR). After filtering, the water level results are validated by data
from the water level sensor located in the same location. The Root Mean Square Error between the
water level from the GNSS - Reflectometry (GNSS- R) and the in situ measurement is 0,049 m and
the correlation coefficient reaches 0,93 when combining different frequencies. The study results
demonstrate that the multi-frequency GNSS-R station can be used as an additional method to
measure water levels with an accuracy comparable to that of a standard tidal gauge. In addition, the
study results also show the sensitivity of the GNSS reflected signal to weather conditions and the
state of the sea surface, which is the basis for forecasting and early warning of storm surge extremes
from GNSS reflectometry data.
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Ung dung cong nghé phan xa GNSS-R trong do cao myc nudc
st dung ang-ten GNSS gia thanh thap: thir nghiém tai pha
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Tém tit: Cac hién tuong thiy vin cuc doan ngay cang dién bién khé luong do tac dong cua bién
d6i khi hau va muc nuée bién dang cao cho théy su can thiét phai theo doi mye nude bién. Muc tiéu
clia nghién ciru nay 1a phat trién cong nghé phan xa GNSS sir dung ang-ten da tan gia thanh thap dé
do cao muc nude. Mot tram thu GNSS da tan da duoc 151p dat tai khu vue pha Tam Giang, tinh Thira
Thién Hué dé thu dir liéu cta cac vé tinh GPS/GLONASS/Galileo/Beidou & tan sé 1Hz tir ngay 10
thang 4 dén ngay 29 thang 4 nam 2022. P9 cao muc nudc duoc tinh tir dir liéu phan xa GNSS-R si
dung k¥ thuat mau giao thoa Interference Pattern Technical (IPT) duya trén tin hiéu nhiéu Signal-to-
Noise Ratio (SNR). P9 cao muc nudc sau khi loc nhiéu duoc xac nhan béng dit liéu tir cam bién do
muc nude dat cung vi tri. Sai s6 trung phuong giita muc nude tir GNSS-R va phép do tai chd 1a
0,049 m va hé s6 twong quan dat 0,93 khi két hop cac tan sé khac nhau. Két qua cua nghién ctru da
chimg minh tram GNSS-R da tan c6 thé dugc sir dung nhu mét phuong phap bd sung dé do muc
nuée v6i do chinh xac twong duong ddng hd do thay triéu tiéu chudn. Ngoai ra, ket qua cua nghién
clru con cho thay su nhay cam cua tin hiéu phan xa GNSS véi diéu kién thoi tiét va trang thai cta
bé mat nude bién, 13 co s¢ cho viée du bao va canh bao sém céc su kién nude dang cyuc doan tur dit
liéu phan xa GNSS-R.

Tir khoa: GNSS-R, IPT, pha Tam Giang, d§ cao myc nudc.

1. Mé dau

Hién nay, myc nude bién trung binh toan cau
dang tang voi toc do 3,58 + 0,48 mm/nam, chi
yéu do sy am 1én cua dai dwong (sy gidn nd nhiét
clia nuge) va qua trinh tan bang ¢ hai cue (IPCC,
2019). Muc nudc bién dang cao cing véi bién
d6i khi hau 1am gia tang cac hién tuong thiy van

" Téc gia lién hé.
Dia chi email: cuonghm@vnu.edu.vn

https://doi.org/10.25073/2588-1094/vnuees.4878

cuc doan (nhu bao, 1 lut, triéu cuong,...) anh
huong 16n dén sinh ké, co s ha téng va moi
truong sdng, dic biét 1a ving ven bién [1, 2]. Do
do, mang lu6i cam bién muc nudc ven bién la
can thiét dé xac dinh nhanh chong sy thay dbi
ctia muc nude bién gitp mé hinh hoa chinh xéac
hon céc hién tuong thiy van cuc doan cting nhu
1ap ké hoach gidam thiéu riii ro va thich tng
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[3, 4]. Rat nhiéu céc thiét bi da duoc sir dung dé
theo ddi muc nudc voi d§ chinh xac va chi phi
khac nhau nhung chi yéu sir dung cac tram
do thity triéu ven bién. H¢ thdng céc tram quan
sat muc nudc bién toan cau GLOSS
(https://lwww.sonel.org) st dung may do am
thanh hozc may do ap suat dé theo ddi muc nudc
vGi d6 chinh xac vai cm va co chi phi trong ddi
cao tir 1000 dén 10000 USD. Tuy nhién, dong ho
do 4p suét co thé bj troi theo thoi gian [5, 6] va
ddng ho do song am kho lap dit ¢ cac ving sau
ving xa. Thiét bi do radar va ddng hd do bot khi
cling thudng duoc st dung dé theo doi muc nude
nhung nhing dung cu nay dat hon so véi bo
chuyén dbi ap sut va dong hd do song am. Mic
du cac tram nay cho phép do lién tuc nhung han
ché vé mit khong gian va chi phi 16n. Cong nghé
do cao vé tinh ra doi va phat trién manh tir nhitng
nam 1990 mé ra ky nguyén do d6 cao chinh xac
v6i ngudn dit liéu mé. Cong nghé nay danh diu
mot budc ngodt trong cac nghién ctru vé muc
nudc dai duong va cac luu vyc song 16n [7-9].
Tuy nhién, han ché ctia phuong phap 1a chu ky
lap dai va gip nhiéu bat loi khi nghién ciru ving
nude trong luc dia va ven bién do anh hudng cua
dat lién. Dé khic phuc han ché cua nhiing
phuong phap trén, mang ludi tram thu cua hé
thong vé tinh dan dudng toan cau (GNSS) ven
bién & d6 cao dudi 300 m di duoc phat trién voi
muyc dich theo doéi sy thay ddi muc nude béng
cach ghi lai cac tin hiéu phan xa tir mit bién [10-
12], hay con duogc goi la cong nghé phan xa
GNSS (GNSS-R). Cong nghé phan xa GNSS-R
dugc tng dung trong nhiéu nghién ciru khac nhu
theo ddi bién ddi trix lugng nudc trén luc dia
[13, 14], do do sau cua tuyét [15], do do am dat
[16, 17], nude dang do bdo [18, 19] va tinh ham
lugng nudc cua tham thuc vat [20]. Trong cac
nghién curu trude day, phép do muc nudc truy
xuat tir GNSS-R ¢6 thé dat do chinh xac vai cm
[21-27]. Chi phi dé c6 mét tram do muc nude
GNSS tiéu chuan ciing tuong dwong véi mot
tram do sir dung cam bién 4m thanh hodc ap suit
nhung khong bi cac van dé twong tw va c6 uu
diém 1 nho gon, dé lap dat. Gan day, cac thiét bi
GNSS chi phi thip hon dugc sir dung dé theo doi
muc nudc nhu ang-ten GNSS tich hop trén may

tinh bang str dung phuong phap phan tich quang
phd dya trén biéu do Lomb — Scargle [28]. Cac
dng-ten GNSS da tan chi phi thip duoc st dung
boi [29, 30] da cho thay la phu hgp hon so voi
cac ang -ten tiéu chuan tric dia vi cac ang ten ti€u
chuan tric dja dugc thiét ké dé giam nhiéu da
duong (tin hi€u duoc st dung dé truy xuét d6 cao
muyc nudc). Mdt khac, cac ang-ten GNSS da tan
sir dung md hinh khuéch dai dang hudéng nén co
thé sir dung cac tin hiéu tir vé tinh GNSS & céac
goc cao v¢ tinh 16n trong khi cac ang-ten tiéu
chuén tric dia chi si dung tin hiéu & gbéc cao vé
tinh thap dé thuc hién phép do muc nudc
[11, 12]. Diéu nay dic biét hiru ich vi tin hiéu &
goc cao vé tinh 16n it bi anh huong boi ting dbi
Ivu (hoac khuc xa khi quyén) so vo1 tin hiéu &
goc cao vé tinh thap [31-33]. Theo [33], d6 léch
do d6 cao do anh huong ctia ting ddi luu thay doi
tir 3 dén 5 cm ddi v6i ang ten cao hon 10 m so
v6i bé mit phéan xa khi str dung goéc cao v¢ tinh
16n hon 20°. Purnell va cong su [27] da st dung
nhiéu ang-ten GNSS da tan chi phi thap dat cung
vi tri dé loai bo anh hudng ciia nhidu ngéu nhién
trong tin hi¢u SNR va cai thién d6 chinh xac cta
phép do muc nude voi chi phi chi bing mét phan
nho so véi chi phi ciia mot dng-ten tiéu chuan
tric dia.

Hién nay, ¢ Viét Nam, viéc giam sat su thay
ddi muc nude chu yéu st dung dir li¢u do tai cac
tram thiy van/thiy triéu truyén thong. Cac tram
nay str dung hé thong thiét bi cdng kénh va doi
ngti nhan vién van hanh véi chi phi khong nho.
Tuy nhién, dit li€u thu dugc chi mang tinh cuc
b tai vi tri do. Tinh dén nay, moi chi cé mot vai
nghién ctru img dung tin hi¢u phan xa GNSS-R
trong viéc do cao muc nudc tai Viét Nam
[18, 34, 24]. C4c nghién ctru nay déu st dung
ang-ten GNSS tiéu chuan cia cic hing nhu
Leica, Trimble voi chi phi 16n. Vi vdy, trong
nghién ctru nay, ching t6i da thir nghiém st dung
mot dng-ten GNSS da tan chi phi thip dé do cao
muc nudc, thuc nghiém tai phd Tam Giang - tinh
Thira Thién Hué vao thang 4 nim 2022. Nghién
clru d3 phat trién mot hé thong phan cimg va
phan mém cho cam bién GNSS-R dua trén SNR
clia mot dng-ten chi phi thap va chimg minh hi¢u
qua cua nd dé do muc nude. Cac két qua ban dau
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cho thdy sy twong quan tdt gitra s liéu thuc do
tr cam bién va cac ude tinh dua trén GNSS-R.
Hién tai, tram van dang hoat dong on dinh dé
theo d6i myc nudc lién tuc theo thoi gian.

2. Khu vuc nghién ciru va dir liéu sir dung
2.1. Khu vuc nghién curu

Khu vuc nghién ctru dugc lya chon la Pha
Tam Giang kéo dai tir cira song O Lau dén cau
Thuén An véi chiéu dai 25 km, 12 mot pha nam
trong hé¢ dam ph4d Tam Giang - Cau Hai, thudc
tinh Thira Thién Hué. Dién tich mit nudc khoang
52 km?, 1a mét pha 1én cia Viét Nam, chiém
khoang 11% dién tich ddm pha ven b clia ca
nudc. Pha Tam Giang c6 d0 sau tur 2 dén 7 m, co
lach sdu dén 10 m [35]. Khi hau duoc phan thanh
hai muia r6 rét: Miia kho tir thang 3 dén thang 8,
chiu anh hudng cua gi6 Tay Nam nén khong khi
khé nong va oi birc. Mua mua tir thang 9 nam
trugc dén thang giéng nim sau va bdo thuong
xuét hién vao khoang thang 9-10 hang nam. Do
vi tri dic biét, ddm pha Tam Giang thudng xuyén
chiu anh huéng truc tiép cia cac trin bio i d6
b6 vao tinh Thira Thién Hué. Theo dit liéu thong
ké clia tinh nam 2021, tir nim 1952 dén 2020 da
¢ 47 tran bdo va ap thip nhiét d6i anh huéng

107'2I0'0"E

tryc tiép dén tinh Thira Thién Hué, trung binh
mdi nam co 4-5 tran 1d, trong d6 c6 2-3 tran trén
bao dong III, gy nhiéu thiét hai vé nguoi va
tai san.

2.2. Dir liéu su dung

2.2.1. Dit liéu GNSS-R tir may thu da tan chi
phi thap

Tram GNSS duoc lép dat tai ddm pha Tam
Giang c6 toa do 16°35°47,8"N, 107°34°05,3"E
(dir liéu thu tr ngay 10/04/2022 dén ngay
29/04/2022 & tan sb 1 Hz). Ang-ten dugc lap dat
& d6 cao 7,84 m so v6i muc nudc bién (Hinh 1).
Thiét bi st dung 1a bd thu GNSS Alpha+30
Polaris chi phi thap (gia thanh chi bang 1/10 so
v6i cac thiét bi do tiéu chuan), co kha ning thu
nhan tin hiéu da tan tir cac hé théng vé tinh dan
duong hién c6 (GPS, GLONASS, Galileo,
I/Compass/Beidou, hai hé¢ théng dan duong khu
vuc IRNSS, QZSS va SBAS). GNSS Alpha+30
Polaris cho phép thu ti da 230 kénh & mot hodc
c4 hai bang tan L1 va L2 v6i d6 chinh x4c tuong
dbi cao. Ngoai ra thiét bi con tiéu thy ngudn dién
thép 5V, tiét kiém nang lugng voi tdc do cap nhat
téi 10 Hz. Dir li€u nhat ky cua may thu GNSS
Alpha+30 Polaris hd trg cac chuan phd bién nhu
RTCM3 va NMEA va SkyTraQ.

'07‘10’0’5 |08'?‘0'E

16°400°N
L

16°200°N
1

Cam bién
siéu am

T
16°400°N

Tram GNSS
(16°35’47,8"N;
| 107°34'05,3"E)

T
16°200°N

QUANG NAM

T
107°200°E

T T
107°400°E 108°00°E

Hinh 1. Khu vye nghién ctru va vi tri tram thu GNSS tai dam ph4 Tam Giang, Thira Thién Hué
(16°35°47,8"N; 107°34°05,3"E).
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2.2.2. Dit lieu myc nuoc tir cam bién

Dit liéu myc nudc tham chiéu duoc thu thap
cung thoi diém véi dir liéu GNSS-R (thang 4
nam 2022) dua trén ky thudt do khoang cach
bang song siéu 4m sir dung md-dun ME0O7-
ULA lip dat tai tram GNSS-R. M6-dun nay co
kha ning chéng bui, chong nudc, thich hop cho
viéc do dac trong thoi gian dai lién tuc ¢ moi
truong ven bién. ME007-ULA do & tan sb
40KHz, va duoc cai dat dé do cao muc nudc véi
d6 chinh xac da duoc kiém nghiém. Tat ca cac
dir liéu st dung trong thyc nghiém va két qua
dugc quy vé chuan thoi gian (Timestamp)
cua GPS.

3. Phwong phap nghién ctru

3.1. Ky thugt mé hinh mdu giao thoa IPT
(Interference Pattern Technique) sw dung
ang-ten don

B6 thu GNSS trong nghién ctru nay su dung
modt ang-ten don (Hinh 1). Tin hiéu truc tiép
dugc thu boi ban cau trén cua ang-ten, trong khi
tin hiéu phan xa thu nhan boi ban cau dudi (mo
phong nhu Hinh 2). Vi vy, tin hiéu phan xa s&
gdy nhidu tin hiu truc tiép tai vi tri ang-ten va
anh huong dén cac phép do dinh vi. Nguoc lai,
trong phép do phan xa GNSS, vi€c phén tich cac
giao thoa ndy s€ cung cap thong tin hiru ich vé
cac dic tinh ctia bé mit phan xa. Ky thuat do
phan xa theo mau giao thoa (IPT) cia tin hiéu
GNSS ciing giéng nhu cua cic dang song, dya
trén sy tan xa tinh vi may phat va may thu dugc
tach biét vé mat vat Iy. Trong mé hinh IPT, phan
16n tin hiéu di thing dén ang-ten va dia hinh
xung quanh ciing phan anh mot phan tin hiéu t6i.

K thuat do phan xa niy yéu cau két qua dau
ra ciia may thu GNSS 1a méi twvong quan giira tin
hiéu “truc tiép/phém xa” va ban sao cuc bd do
méy thu tao ra. Két qua xir Iy dwoc luu trir trong
tép RINEX tiéu chuan. Trong truong hop nay,
tong ty s6 tin hiéu trén nhidu (SNRy) 1a mot ham
ciia SNR truc tiép (SNRg) va SNR phan xa
(SNRy) dugc ghi lai boi ang-ten.

Tin hiéu SNR 12 mét trong nhitng kha néng
quan sat ¢d dién ciia may thu GNSS va chu yéu

dugc dung dé dinh lugng chét luong cua céac
phép do GNSS. SNR thudng dugc ghi lai & moi
budc do va cho mdi tan sé dugc do boi may thu.
Mot s6 thiét bi ghi lai n6 ¢ dang nhi phén (bang
1 khi chit luong ciia cac phép do du dé thiét 1ap
tinh toan vi tri va bang 0 khi nhiu quéa 16n),
nhung hau hét cdc may thu hién nay déu ghi n6
O dang thap phan. Do d6 SNR dinh lugng bién
dd cua tin hi¢u nhan duogc va thudong dugce léy tur
vong theo doi song mang cuia tin hi¢u GNSS tai
may thu. Vong lap theo doi ¢ thé dugc ghi lai
[36-38] nhu mbi quan hé giira cac thanh phan I
(trong pha) va Q (trong phuong vudng goc) cua
tin hiéu nhan dugc (Hinh 3). Néu xem xét trong
truong hop 1y tuong, khong co bat ky da duong
nao, thi biéu dd pha trong Hinh 3 s& chi c6 su
dong gop cua tin hiéu truc tiép, tirc 1a chi c6 pha
bién do A4, tuong duong véi SNR. Pha song
mang tuong ung voi goc ¢.

GNS&O%
—
trye tiep

Tin hiéu
phin xa

Hinh 2. Nguyén ly cia may do GNSS-R su dung
1 dng-ten don. Trong d6 © la goc cao ¢ tinh,
h 1a d6 cao cua bé mat phan xa.

Mat khac, véi sy hién dién cua da duong,
mdt (hodc nhiéu) pha bién do A, trong Hinh 3
duoc thém vao biéu dd. Do do, tin hiéu cua may
thu 1a vecto tdng cua tat ca cic pha, chira ca tin
hiéu truc tiép va tin hi¢u phan xa.

Tur biéu d6 Hinh 3 ta co:

SNR? = A%2= A% + A2+2A4A,cos(p) (1)

Trong do6: Azva A, 1a bién d6 cua tin hiéu
tryc tiép va tin hiu phan xa tuong ung. v 1a do
l&ch pha gitra hai tin hiu.
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Hinh 3. Biéu d6 pha cua tin hiéu GNSS nhén dugc thé hién mdi quan hé giita cac thanh phan pha (I)
va vuong goc (Q) cua tin hiéu.

(a)

Céac tham h R (b)
s quy dao Ronaz 1Hz SNR ’
vé tinh Ponin o ajf .
M i)
I 4

2 Théi gian () 4 L]

Tin hiéu SNR (dB-Hz]

- Loai bo cac khoang thot gian khf)ng\
du gia tri N e —|(c)

- No1 suy cac ph?m dit liéu bi thiéu va
tai ldy mau

. Loai bo thanh phén séng trirc tiép sir
dung da thirc hdi quy

—

. Tinh Asin(e) cua ctra sb trgt cho méi thn sé trung tam (central frequency)
- Tai lay mau chuéi thoi gian cira s6 lién quan dén sin(e)

¥

f(tl)sa,h ‘e .f(t2 }satz e f(tn)satu — h’(t) cho Hl(:)i
maz(t) — min(t) < A(t) khoang A(t)

. ¥

Phuwong phap LSM (Least squares method)

“Tn i SNE mil

Phwong phap Larson
. ~ 4w
fsnr, = _’lxw(h—mzii'\ + h) fsnr, = Sh

Pé cao mwec nwéc

Hinh 4. a) Quy trinh xir 1y dir liéu SNR dé tinh chudi thoi gian myc nuéce; b) Vi du vé chudi thoi gian
ctia dit liéu SNR tho (dir lidu dau vao); ¢) Vi du vé chudi thoi gian dit liéu SNR véi phan ting dan
va phan giam dan. h=dh/dt 1a téc do bién ddi do cao ciia bé mit phan xa
va 0 1a téc do bién thién ciia goc cao vé tinh.
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Gia dinh ring A,« Ay, SNR c6 thé dugc biéu
dién duéi dang:

SNR? = A% + 24 4A,cos(y) (2)

Cong thirc (2) cho thay tin hiéu SNR chii yéu
dugce quyét dinh boi tin hiéu truc tiép, tin hiéu
nay thé hién cac bién thé chi lién quan dén goc
cao vé tinh. Mat khac, tin hi€u phan xa tao ra mot
tin hiéu b6 sung ¢ tan s cao va bién do nho so
vo1 tin hiéu truc tiép. Céac tin hi¢u phan xa chu
yéu duoc nhin thay ddi véi cac goc cao vé tinh
thip [39]. Gia sir mat bién twong tmg véi phan
xa guong, goc pha twong dbi co thé dugc tinh
toan tir do tré & cua tin hiéu phan xa [40]:

Y= —8 = ﬂsm(@) (3)

Trong do, A 1a budc song cua tin hiéu, 6 goc
cao v€ tinh va h khoang cach gifra tdm pha ang-
ten va bé mat phan xa (Hinh 2). Cong thirc (3) c6
thé suy ra tin s ctia dao dong da duong [41]:

ay amh

fo= o —51 n(o) + —cos(@)@ 4)

Phuong trinh 4 ¢6 thé duoc don gian hoa
bang cach thay d6i mot bién x = sin(6):

f= G = (g2 +h) ©)

Trong d6: f 14 tAn s6 ciia dao dong da dudng

3.2. Udc tinh chudi thoi gian muc nude tic die
lieu GNSS-R

Phuo'ng trinh 5 chi ra ré‘lng néu chiing ta coi
mot be mat phan xa 1 tinh (A = 0), khi d6 f la
hang sb va ty 1& voi chiéu cao ciia dng ten. Trong
truong hop dong h# 0 (do song, thuy tridu,
bd0...), f khi d6 phu thudc vao goc cao vé tinh
0, tbc do bién thién cta no 6 va toc do bién déi
d0 cao cua mat phan xa h. Khi d6, phuong trinh
5 chi c6 hai an s6 la: h va h." Tir d6, chudi thoi
gian myc nudc tor dir li€u SNR dugc tinh theo
quy trinh nhu Hinh 4.

Dé loai b cac hiéu g parabol cia tin hiéu
truc tiép trén cac ban ghi SNR, phan du da duong
SNR,, duoc st dung dé tinh chiéu cao ciia muc
nuoc [17]:

SNR,, = Acos (4%’1 sin(e) + 1/)m) (6)

Trong do A 1a bién d¢ va y,,, 1a 6 léch pha

Khi f(t) duoc xac dinh cho mdi vé tinh quan
sat, quy trinh trong hinh 4 dugc 4p dung khi xem
xét ba tham s6 sau:

- Rypin(m): chiu cao nho nhat cua dng-ten so
v6i bé mat phan xa trong thoi gian do;

- Rypax(m): chiéu cao 16n nhét cia dng-ten so
vGi bé mit phan xa trong thoi gian do;

- h (m/s): van tbc dich chuyén theo phuong
thang dimg ctia bé mit phan xa.

Sau khi loai bo dong gop cua tin hi¢u truc
tiép bang cach st dung phuong phap da thic
duge xac dinh boi [42], tan s dao dong f duoc
udc tinh cho mdi cira s6 chuyén dong bang cach
sir dung biéu dd chu ky Lomb Scargle (LSP)
[43, 44].

4. Két qua va thao luin

4.1. Két qua xir 1y dir liéu SNRr

Tin hiéu tryuc tiép

Tin hi¢u SNR (dB-l—!z)

“Thai gian
Hinh 5. Téch tin hi¢u da duong (mau xanh) tir tin
hiéu SNR¢ (mau do) cua v¢ tinh GPS.

Tin hi€u da duong SNRy dugc tach ra khoi
tin hiéu tong SNR; (SNR tong duoc thu boi may
thu) bfmg cach loai bé tin hiu truc tiép SNRg4
(duong parabol dugc xac dinh bdi da thire bac 2
d6i v6i SNR— Hinh 5) va duoc thuc hién thong
qua b mi hoa trén nén ting ngdn ngir R. Sau khi
phan tich thu dugc két qua bién do A, pha ¥,
va tan s6 f (Bang 1 — két qua thu ngay
17/04/2022). Vi tri cac diém phan xa tir bé mat
nuoc dugc md phong voi cac dir li€u vé tinh thu
dugc (Hinh 6). Trong d6, cic diém phan xa
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khong nam trén ving nudc da duogc loai bo. Vé
ly thuyét, 6 chinh x4c ctia tim phase antenna
anh huong dén do chinh xac tinh toan khoang
cach tir tim phase dén bé mit phan xa [45]. Tuy
nhién, trong nghién ctru nay, bé mat phan xa cé
dang ellip va nhiing diém phan xa khong nim
trén mat nudc da duoc loai bé. Béng thoi, két
qua cudi cung 1a tri do myc nudc, chinh vi vay
dd chinh xiac vé khoang cich tir tdim phase
antenna dén bé mit phan xa khong anh huéng
dén d6 chinh x4c cua gia tri myuc nudc thu duoc.

Google Earth

Do thiét bi str dung trong nghién ciru nay 1a
thiét bi thu GNSS gia thanh thip nén cac tri do
SNR thu duoc 1a cac sb nguyén. Vi vay, dé ting
thém s6 luong tri do, chung t6i da két hop hai tin
hiéu SNR_1, SNR(2 dé tao tin hiéu SNR,,, bang
cach st dung mo hinh bod sung tin hiéu roi rac
theo cong thic:

SNR.om = SNR;iand SNR;,

SNRp; SNRp;

= 10log,, <108NRLz + 105NRL2) dB (7)

Hinh 6. M6 phong diém phan xa GNSS tai khu vuc nghién ciru (ngay 12/04/2022).

Bang 1. Bang két qua tinh A, 1,,, va f bang phwong phap IPT ngay 17/04/2022 khu vuc dam pha
Tam Giang — Thira Thién Hué

) G6c
S6 hiéu . cao Gac A an Ao oA
Thoi gian vé tinh PIL“:TJ vé 6 phuong Bl(Zn ;i © (Zha) T?ﬂ;;) f
PRN ¥ ting Vi m m

()
2022-04-17 22:53:34 PC11 S1l 0,348 | 6,59E-5 2,385 4,426 1,321 83,949
2022-04-17 22:53:34 PC11 S71 0,348 | 6,59E-5 2,385 7,886 0,410 68,817
2022-04-17 12:51:35 PEO3 S1C | 0,541 | 1,01E-4 3,642 2,572 0,175 85,500
2022-04-17 12:51:35 PEO3 S7Q | 0,541 | 1,01E-4 3,642 6,427 6,159 62,562
2022-04-17 10:51:45 PEQ5 S1C | 0,567 | 1,03E-4 3,086 4,017 2,213 86,048
2022-04-17 10:51:45 PEQ5 S7Q | 0,567 | 1,03E-4 3,086 2,343 4,968 62,517
2022-04-17 15:13:43 PEO8 S1C | 0,372 | 5,79E-5 4,201 4,074 1,853 79,903
2022-04-17 15:13:43 PEO8 S7Q | 0,372 | 5,79E-5 4,201 9,743 0,628 60,760
2022-04-17 23:35:03 PE21 S1C | 0,341 | 5,09E-5 4274 4,609 5,938 85,996
2022-04-17 23:35:03 PE21 S7Q | 0,341 | 5,09E-5 4,274 7,805 1,869 64,875
2022-04-17 21:22:23 PE27 S1C | 0,609 | 9,58E-5 3,757 2,741 5,852 73,452
2022-04-17 21:22:23 PE27 S7Q | 0,609 | 9,58E-5 3,757 6,401 4,538 63,568
2022-04-17 00:17:50 PG08 S1C | 0,555 | 1,33E-4 3,363 1,866 5,204 85,062
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A
(a) SNRu1

Chiéu cao (m)

11/4 18/4

Ngay (2022) 25/4 30/4

— In-situ . PC .« PE

+ PG * PR —— Pan

Hinh 7. Két qua chudi thdi gian muc nude tir dit liéu phan xa (a) SNRan, (b) SNRL1, (¢) SNR2,(d) SNReom
tai khu vuc thyc nghiém. PC, PE, PG, PR tuong ung 1a cac vé tinh BeiDOU, Galileo, GPS, Glonass.

4.2. Phan tich va danh gid do chinh xdc chudi
thoi gian muyc nudc fir dir liéu QNSS-R
tai dam pha Tam Giang, Thira Thién Hué

Hinh 7 thé hién két qua chudi thoi gian muyc
nuée tr SNRi1, SNRL2, SNRzom VA SNRay (két
hop ca ba tin hiéu SNRy1, SNRi2 va SNR_y,)
cua cac vé tinh GPS, Glonass, Galileo, BeiDOU
tai tram do tir ngay 10/04 dén 29/04/2022. Trong
do, PC, PE, PG va PR lan luot 1a dit lieu SNR
cia cac v¢ tinh BeiDOU, Galileo, GPS,
GIONASS tuong mg. Két qua cho thdy, khi két
hop cac tan s0, sO lugng tri do clia ca 4 v¢ tinh
déu tang gip 3 lan so véi viéc str dung tin hi¢u
riéng 1¢.

Céc chi s6 théng ké nhu hé sé tuong quan
Pearson (R), d6 léch (Bias) va sai s trung
phuong (RMSE) dugc sir dung dé danh gia do

chinh xac gitra chudi thoi gian myc nuéc thu
duoc tr GNSS-R va gia tri thuc do cua cam bién.
Trong nghién ctru nay, thuat toan Spline dugc stir
dung dé xac dinh dudng trung binh sau khi loc
nhiéu. Két qua so sanh gilta myc nudc thu dugc
ttr SNRi1, SNRL2, SNRcom Va SNRy trude khi loc
véi gia tri muc nude do dugc tir cam bién cho do
tuong quan rét thip (Bang 2). Didu nay c6 thé
giai thich 1a do cac diém phan xa tu bé mat dat
xung quanh ciing tham gia vao nén gay ra sai sO
rat 16n. Sau khi 4 ap dung cac phuong phap loc dé
loai bo nhidu tir dat lién va tong hop ca ba bing
tan dé tinh chudi thoi gian muc nude st dung
phuong phap LSM cho d6 chinh xac cao vdi hé
$6 tuong quan tang 1én 0,93, d6 1éch bias 1a 0,009
va sai s6 RMSE 1a 0,048m khi sir dung tit ca cac
v¢ tinh.
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Bang 2. Két qua so sanh chudi thdi gian muc nude wde tinh tir cong nghé GNSS-R va muc nudce tham chiéu

1,4
1,2 -
1,0 -
08 -
0,6 -
14-
1,2
1,0-

08-

Chiéu cao (m)

1,0-
08-
06-
14 -
12 -
1,0 -
08 -
06 -

06"

1.4-

1,2-

GNSS-R SNRp S trj do R Bias RMSE
SNRL1 997 0,25 0,049 0,243
Chua loc SNR_2 976 0,25 0,114 0,279
nhiéu SNRcom 858 0,23 0,113 0,294
SNRan 2831 0,24 0,091 0,272
SNRL1 1513 0,91 0,007 0,052
Sau khi loc SNR2 1279 0,91 0,012 0,055
nhicu SNRcom 1165 0,90 0,004 0,054
SNRan 1848 0,93 0,009 0,049
1 . 1
a) l —& In-situ
|
| —-o- SNRL1
|
I [ .
R=0,84 A R =0,04 | R=0,90
RMSE = 0,055 m RMSE = 0,049 m | RMSE=0,052m .
1 | 1 | I
| (] |
b) I | ~o In-situ
|
| -#- SNRL2
| |
| |
R=0,79 R=093 , R=090
RMSE = 0,055 m I RMSE = 0,054 m i RMSE=0,056m
| 1
I ' [
c) I o In-situ
|
| ~o- SNRcom
| |
5 |
R=08 RL0,9 I R“: 0,90
RMSE = 0,050 m | RMSE=0,047m | RMSE=0,059m
1 | 1 I 1
| |
I L 1 :
d) | | ~o Inssitu
: ~# SNRall
| I
R=0,85 R=0,95 I R=0,91
RMSE = 0,049 m ' RMSE=0046m | RMSE=0,051m '
11/4 16/4 18/4 20/4 25/4 30/4

Ngay (2022)

Hinh 8. So sanh chu?)i thoi gian myc nude tir GNSS-R sur dung phuong phap LSM (duong mau xanh) va myc
nude do bang cam bién (dudng mau do) tir ngay 10/04 dén 29/04: (a) SNR1, (b) SNRy2, (€) SNRcom, (d) SNRuai.
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Trong khodng thoi gian quan sat, tai khu vuc
nghién ctru xay ra hai giai doan mua tur ngay 10
dén ngay 15 va tir ngay 21 dén ngay 29 thang 4.
Dé danh gia anh hudng cua thoi tiét dén két qua
do, chudi thoi gian myc nudc dugce chia thanh 3
giai doan: 1) Tir 10 dén 15 thang 4; 2) Tir 16 dén
20 thang 4 va 3) Tir 21 dén 29 thang 4 twong ting
v6i cac thoi diém mua va khong mua. Hinh 8 thé
hién két qua so sanh giita chudi thoi gian muc
nude tir GNSS-R (st dung tit ca cac vé tinh voi
cac tan s6 khac nhau) sau khi loc nhiéu va dit liéu
thuc do tai khu vic nghién ctru tir ngay 10 dén
ngay 29 thang 4 nam 2022 voi 3 giai doan trén
va két qua tinh sai s6 RMSE va hé s6 trong quan
tuong tmg. Két qua phan tich cho thdy, muc
nudc ¢ giai doan 1 va giai doan 3 c6 bién do
khong dong déu va thip hon so voi cac ngay
khong mua (giai doan 2). Nguyén nhan la do anh
hudng ctia mua va nudc tir thuong ngudn do vé
khién cho muc nudc trong dam dao dong manh
va tang 1én nhanh chéng. Gia tri trong quan gitra
hai chudi trj do & giai doan 1 ddi voi dir lidu
SNRu1, SNRi2, SNReom Va SNRa lan luot 1a
0,84;0,79; 0,83 va 0,85; sai s6 RMSE lan luot la
0,055 m; 0,055 m; 0,050 m va 0,049 m tuong
ung. Trong giai doan 3, gid tri tuong quan gilta
hai chudi tri do lan luot 1a 0,90; 0,90; 0,90 va
0,91; sai s6 RMSE lan lugt 14 0,052 m; 0,056 m;
0,059 m va 0,051 m tuong ung vai dir liéu
SNRLl, SNRLz, SNRcom va SNRaII, Nguqc 1ai, o
giai doan 2, troi khong mura, mat nudc tuong dbi
phang ling nén gia tri trong quan giira hai chudi
dir lidu nay tang 1én dang ké, tuong tmg 1an luot
120,94; 0,93; 0,93 va 0,95; sai s6 RMSE lan luot
120,049 m; 0,054 m; 0,047 mva 0,046 m vdi dir
liéu SNRr1, SNRL2, SNRcom V& SNRai. D6 dao
dong ctia mat nudc 16n hon do chiu tac dong cia
mua dong di giy ra nhiéu cho tin hiéu phan xa
GNSS va lam gia tri d0 cao myc nudc tinh toan
duoc bi 1éch di so véi myc nudce trung binh, diéu
nay di cho thiy rd sy anh hudng cua thoi tiét dén
két qua chudi thoi gian myc nude, hay néi cach
khac dit liéu chubi thoi gian myc nudc dya trén
tin hi€u phan xa GNSS nhay cam véi diéu kién
thoi tiét. Két qua ciing chi ra rang khi két hop cac
tan sb va str dung tat ca cac vé tinh quan sat dugc,

sb lugng tri do va d6 chinh xac cua chudi thoi
gian myuc nudc ting 1én déng ké.

Vé nguyén ly, do myuc nuédc bang cam bién
va GNSS-R déu sir dung song phan xa. Tuy
nhién do cam bién khong bi anh hudng séng,
thuy triéu va cac diéu kién tic dong khach quan
xung quanh khu vyc tram. Thém nira, sy khong
d6ng nhat trong khong gian cua chiéu cao bé mat
xung quanh tram ciing 14 mot yéu té khong nho
anh huong t6i két qua chudi thoi gian muc nudc
thu duoc, mot s tri do GNSS-R gﬁn bo hoac gﬁn
céc ruong nudi trong hai san c6 xu hudéng phan
xa manh hon do c6 dong gop cia thuc vat vao tin
hiéu SNR. Diéu nay co thé lam giam do
chinh xac cta dir liéu muc nudc udc tinh bﬁng
GNSS-R.

5. Két luan

Trong nghién ctru nay, mot ki thudt dédo
nguoc cia SNR thu dugce tir mot may thu GNSS
da tan chi phi thap dugc sir dung dé udc tinh do
cao muc nudc. Phuong phap méi nay dugc thuc
hién véi dir 1i€u SNR thu dugc tr mot ang-ten
GNSS ¢ d6 cao 7,84 m so v6i muc nudce bién tai
pha Tam Giang - Thira Thién Hué. Muyc nuéc
tinh tir dir liéu SNR sau két hop ca hai bang tan
L1, L2 va loc nhidu da cho két qua v6i do chinh
x4c cao. So sanh dir liéu do tir cam bién va dir
lidu tir GNSS-R cho thay méi twong quan tot véi
d6 twong quan dat 0,93 va sai sb trung binh binh
phuong goc 14 0,048 m trong toan bd thdi gian
quan sat. Két qua ban dau cua nghién ctru da
chimg minh dugc tiém nang cua viéc su dung
thiét bi thu GNSS da tan chi phi thdp trong viéc
do cao muc nude. Két qua nay gop phan bo sung
di li€u cho nhiing khu vyc it tram do thuy van,
thity triéu v6i wu diém nho gon, kinh té va dé lap
dat. Ngoai viéc udc tinh do cao myc nudc, két
qué ciia nghién ciru nay cho thdy sy nhay cam
ctia tin hiéu phan xa GNSS véi diéu kién thoi tiét
va trang thai cta bé mit nude bién, 1a co sé cho
vi€c dy bdo, canh bao sém cac sy kién nudc dang
cuc doan, Id lut tir dir liéu muc nude dua trén
GNSS-R.
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