| 2 VIEN KHOi\ HOC O BAC VA BAN O HOI TRAC BIA BAN DO VIEN THAM VIET NAM
b | VIETNAM INSTITUTE OFGEODESY AND CARTOGRAPHY VIETNAM ASSOCIATION OF GEODESY, CARTOGRAPHY AND REMOTE SENSING

=%

TUYEN TAP BAO CAO HQI NGHI KHOA HQC VA CONG NGHE
PROCEEDING OF THE CONFERENCE ON SCIENCE AND TECHNOLOGY
ISBN: 978-604-904-255-3

TRAG B VA BAN B0 V0 @1 AP QUi T

09/7/1994 09/7/2014

Ha No¢i, thang 7 - 2014



Hl)l noln hh i.;h

SU DUNG SO LIEU DO CAO TU VE TINH DE XAC DINH BE MAT
TU NHIEN PONG LUC TRUNG BINH TREN BIEN PONG

TS. Nguyén Vin Séng, KS. Nguyén Vin Lam
Dai hoc M6 - Pia Chat

1. Mé& diu

rong nerng nam gan day, trén thé gidi, do cao tir vé tinh (altimetry) phit trién rat manh

mé, cung cap ngudn s liéu quan trong trong nghién ciru dai duong, dia vit ly, khi tugng,

mdi trudmg v.v. S xuit hién ciia do cao tir w; tinh da cho hai duong hoc mét cong cu duy
nhit dé 13p ban d dia hinh bé mit dai duong toan cau phuc vu cho viée ngh:en ctru cac dong hai
Iwu va nhimg thay d6i cia né theo thoi gian. O Viét Nam, nghién ctru xtr ly s6 liéu do cao tir vé
tinh va img dung két qua cta do cao tir v¢ tinh con kha méi mé. Nghién ciru img dung do cao tir
vé tinh trén Bién Péng 1a viéc lam can thiét trong giai doan hién nay.

V¢ tinh do cao phét tin hiéu rada xudng mit bién, tin hiéu phéan xa trén mit bién va quay lai
vé tinh. Do khoang thoi gian tin hiéu di va vé s& xé4c dinh dugc khoang cach tir vé tinh dén mit
nudc bién tirc thoi (h). P§ cao tric dja cua vé tinh (H) dugc xéc dinh bang cac ky thuit khac nhau
nhu GPS, SLR (Satellite Laser Ranging) hay DORIS (Doppler Orbitography and
Radloposmomng Integrated by Satellite). P cao mit bién (SSH — Sea Surface Height) dugc xac
dinh béng cong thac (1) [11].
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trong d6: heor — céc s6 hiéu chinh.
; Méi quan hé giira 46 cao déng lyc dja hinh mit bién (hs), 40 cao goeid (N) va d§ cao mat
" bién (SSH) dugc biéu thij bing hinh v& 1 va céng thic (2) :
| SSH=N+h,

2)

- Dd cao dia hinh mit bién ddng luc (he) dugc chia thanh 2 phan la: bé mit ty nhién dong
luc trung binh (Mean Dynamic Topography - hypr) va dia hinh-mit bién dong luc bién déi theo
thai gian A, [8]:. Khi d6 46 cao mit bién dwoc biéu dién bing cong thirc:

SSH=N+hyp+h, 6

Muc tiéu cua ching ta 1a xac dinh bé mit tw nhién dong luc trung binh hupr. Pé thuc hién
dugc viéc nay, trude hét ching ta phai loai bo d6 cao geoid bing mé hinh trudng trong luc toan
cau EGM2008, sau dé, ph:;“m dia hinh mit bién dong luc bién ddi theo thoi gian sé dugc loai bo
bing k¥ thuit binh sai giao cit.

2. Loai bd d§ cao geoid tir m hinh trudng trong luc toan ciu

Hién nay, c6 rit nhidu mé hinh truong trong luc toan cau, trong d6 ¢6 nhimg moé hinh dugce
xay dung trén co s& két hop nhiéu loai s6 liéu nhu: EGM96, EGM2008, OSU91A, ciing ¢6 nhimg
mé hinh dugc xay dung chi bing s6 liéu trong luc vé tiOnh GOCEO1, GOCE TIM4, GOCE DIR4
v.v Cac két qua khao sat cho thiy, trén Bién Pong, dén nay thi mé hinh EGM 2008 vin la phu
hop nhét. P6 cao geoid duge xac dinh tir cic hé 56 diéu hoa ciia mé hinh truong trong luc toan
cau theo c.("_mg thirc [8]:

N =M [i [3)'2(5._. cosmA+5,_ sinmA)P._(sin ¢)] , “)

;V.r =2\ F

trong do:

GM - hing s6 trong trudng cua Tréi dat;

r - khoang céch tir tm Tréi dat dén diém xét;
a - bén truc 16n cua ellipsoid trai dat;

? - toa do cia diém xét;

Cnm Snm _ g sé didu hoa chudn héa cip n, bic m;
E.Ging) _ ham Legendre chuén héa.
D6 cao geoid dugc tinh todn bing chuong trinh GeoEGM [10].
Do cao mat bién sau khi loai bo d9 cao geoid dugc biéu dién bing cong thic:
SSH'= SSH—N = h,,, +h, &

3. Xic dinh vi tri diém giao cit
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Vé tinh do cao dugc thiét ké sao cho tap hgp cac diém do cao tir vé tinh xubng mat bién tao
thanh cac vét quét trén mit bién (con goi 1a cac cung). Cac cung cit nhau tao thanh cac diém giao
cét (xem hinh 2). Céc diém giao cit thudng khong tring véi cac diém do cao vi vdy, dé loai bo
dia hinh m3t bién bién ddi theo thoi gian h, bing ky thudt g1a0 cét thi dau tién phai xac dinh dugc
vi tri diém giao céit va chénh léch d§ cao tai diém giao cat. Nhiém vu nay co thé thuc hién
bang 2 phuong phap: phuong phép toa do khéng gian va phuong phap mo6 phong da thirc bac
hai [3], [9].

102 104 106 108 110 112 1M (3

Hinh 2. Céc vét quét do cao tir vé tinh Hinh 3. Vi tri gin diing cua diém giao cét

3.1. Plurong phdp toa dp khdng gian

Theo phuong phép nay, tir toa d§ tric dia cua céc diém ddu va diém cudi cia cdc vét quet ta
tinh ra toa d6 vuéng goéc khong gian, ding quan h¢ véc to dé x4c dinh vi tri gan diing cta diém
giao cit (hinh 3).

Tir hinh 3, ta 14p dugc phuong trinh véc to:

C7_.M+m=§;+ﬁ" (6)
=3 W+a._i'=c.55_"+b.f %)

trong d6: No, N tuong tng la dlem diu va diém cudi cua cung thing; So, Sy tuong Ung la diém
dAu va diém cudi cia cung g:ang; Ola goc toa d¢; i=X,Y,Zz J =X, Zr dugc tinh tir toa
d6 céc diém dau va cudi cac cung.

C6 thé viét phuong trinh véc to & dang toa d¢:

Ko Twr Z3) + 0K 1, 20) = X 1, Z) 5K Yo Z0) (3
trong do a, b, c —lacic hé sb can xé4c dijnh; Xm, Yno, Zno la toa 49 khong gian clia diém No; X,
Y, Zso la toa d6 khong gian cia diém So; Hé sé ¢ dé dam bao cho hai dudng thing trong khdng
gian cit nhau.

Tir phuong trinh ndy ta co thé&iéi ra dugc céc hé sé a, b, ¢ va xéc dinh dugc vi tri gan ding
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clia diém giao cit C.
Sau khi xdc dinh dugc toa d6 gin ding cia diém giao cat, so sanh toa d§ nay véi toa dj cic

" = a3 .y Y . -, - - «d . & A . - « A
m cua cung thang va cung giéng, tim ra 4 didm lan cén cua diém giao cit roi dua vao cdc diém
X

s A
dié

.+ nay deé tim vj tri chinh x4c cua diém giao cit va chénh léch d¢ cao mit bién theo phuong phép

Cramer [8] (xem hinh 4).
3.2. Phurong phdp mé phong da thire bic 2
Mo phong cung thing va cung giang theo da thirc bdc hai:
Gia sir trén cung (thang hodc gidng) c6 i diém c6 toa do 1 (¢s, A). Cung nay s& duoc mo
phéng bang da thirc bac hai 5
A=ag’ +bp+c. ©)
Trong (9), a, b, c 1a céc tham sb cin xéc dinh. Pé xéc dinh 3 tham sé nay thi trén cung can
c6 3 diém biét toa do (chinh la cac diém do cao). Néu sé diém nay la n (n > 3) thi c4c tham sé
dugc x4c dinh theo nguyén ly sé binh phuong nhé nhat. Khi do, ta cé phuong trinh sé hiéu chinh
c6 dang nhur sau:
v‘=a(af+b(o,+c—/1,, i=12 .., n (10)
Céc tham s6 g, b, ¢ s& duogc giai theo nguyén ly s6 binh phuong nhé nhit.

Thay cac tham sé xac dinh dugc vao cong thirc (9) ta s& nhin dugc da thirc bac hai mé phong
cac cung thing va cung gidng tuong ing. I

Xdc dinh vi tri diém giao cdt: 3
Néu cung thdng dugc mé phong bing da thl'rv';_:" A=ap’+ b, + ¢, va cung gidng duge mod

phéng bing da thic A= agqu +bp+c, thi_ vi tri‘ciia diém giao cit la nghiém cua hé

phuong trinh:

{ A=ap’ +bp+c,

4 : 1
'3'=azz(9-+bs?'l_'cz ( )

~ Hé phuong trinh (11) s& c6 2 nghi¢m, nghta 1a s& c6 2 diém giao cit. Hai diém giao cit nay
ndm & hai nira ctia d th parapol ciia da thirc bic hai md phong cung thing va cung gidng. Diém
giao cit hop ly s& 1 diém ndm trén doan cung thing v doan cung gidng. So sanh hai diém nay
v6i diém dau va diém cudi cua cung thing hodc cung gidng s& tim ra diém giao cit cin tim.

Vi tri diém giao cét tim dugc chua phi I vij tri chinh x4c ma chi 14 vi tri gin ding. Sau khi
tim dugc diém giao cét gin diing, so sénh toa do diém nay véi cde didm trén cung thing va cung
gidng s& tim dugc 4 diém lan cn clia diém giao cit Ia i, i+1, j va j+1 (hinh 4). Dya va 4 diém nay
s& xc dinh dugc vj tri diém giao cét chinh xéc (c) va chénh léch d§ cao tai diém giao cit theo
phuong phap Cramer.

4. Binh sai giao cit

Do ¢6 thanh phan dja hinh mt bién dong luc bién ddi theo thai gian h nén tai diém giao cit,
d6 cao mit bién tinh theo cung thang va cung giang chénh Iéch nhau [[4]] (xem hinh 5).
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Hinh 4. Vij tri diém giao cét chinh x4c Hinh 5. Chénh léch db cao tai diém giao cét -

Dé loai bo thanh phin d¢ cao dja hinh mit bién dong luc bién déi theo thoi gian A, ta md
phong thanh phén nay bﬁng md hinh toan hoc, dwa vao chénh léch d cao tai cic diém giao cit dé
xdc dinh cic tham s6 cua mé hinh. Bai toan nay dugc goi 1a binh sai giao cit (crossover
adjustment).

Péi v6i khu vire nhu Bién Déng (chidu dai vét quét nhé hon 2000 km) thi dja hinh mit bién
dgng luc bién ddi theo thi gian duge mé hinh bing tham sé d¢ léch a va dé nghiéng b. Khi d6
chénh 1¢ch d§ cao tai diém giao cit cua cung thing i va cung gidng j dugc biéu dién bing cong
thuc [1]:

dH, =(a, +b.p,)-(a, +b,-.“;)+",, (12)
trong d6: a;, a; 14 cac tham s6 d9 1éch; &y, &; 13 céc tham sb d6 nghiéng; u;, 4 — @6 kinh tuong
déi ciia diém so v6i d¢ kinh trung binh ctia vét quét i va j.
Phuong trinh dugc viét & dang ma trén:
d=Ax+v, (13)
trong d6: x 13 ma trén 4n sé; v 1a ma trin sd hiéu chinh; d 1 ma trin sé hang tu do.

C6 thé viét hé phuong trinh ndy & dang thuong gap: .

v=Ax-d. : (14)

Diy la phuong trinh khuyét thiéu, khong thé giai bing cach théng thuémg dugc. Co cic

~ phuong phap giai nhu: C6 dinh hai vét quét hoac thém diéu kién phu. Tuy nhién, hai phuong phép

niy déu c6 nhugc diém 1a bé mat x4c dinh béi tap hop céc diém do cao sau binh sai giao cit cich
xa mit geoid [[1]]. Dé khic phuc diéu ndy, ngudi ta mé hinh d cao dia hinh mat bién tai cac
diém do cao trén vét quét k bing cic tham sb 3 léch (af) va do nghiéng (5?). Khi d6, ta c6
phuong trinh s6 hi¢u chinh cho diém i, trén vét quét &: <
SSH,, =a, +b.u, +V, (15)

trong d6: Hig,— d9 kinh tuong d6i cia diém iy; Vhpl — 50 hiéu chinh d6 cao cua diém i).

Céc tham 50 a; va b; dugc xéc dinh theo nguyén 1y s& binh phuong nhé nhét theo didu kién
iV; =min, 7, — 12 s6 diém do trén vét quét k. y
hel :
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Viéc 1am nay c6 thé thuc hién ddng thdi véi viée binh sai giao ¢
hé phuong trinh s6 hiéu chinh c6 dang:
v =(a,+b.u;)—(a;+b,.p,)-dH,;
Vi, = (@, +b,.pt, ) — SSH ; i

Céc tham s6 dugc gidi theo nguyén 1y sé binh phuong nho nhét véi diéu kién:
Zv;-i-wz}"’ll =min. (17)

trong d6: w 14 trong s6 twong quan.

Sau khi binh sai giao cat, d cao bé mat tu nhién dong luc trung binh duge xac dinh béng
cong thirc:

5. Két qua tinh toan thyc nghiém |

Trén co s 1y thuyét trinh bay & trén, ching tbi tién hanh tinh toan thuc nghiém cho s liéu
do cao tir vé tinh ENVISAT trén Bién Déng & chu ky 86. Chu ky ndy c6 4261 diém do, chia lam
44 vét quét, c6 95 diém giao cit. S5 liéu dugc cung cip bai AVISO [[12]]. Céc két qua xac dinh
cac tham s6 d6 léch va d nghiéng dugc trinh bay trén bang 1.

Bang 1. Két qua xac dinh céc tham 56 dé_: léch va d¢ nghiéng

vét a b vét a (0) b vét S
quét | *™ | (mirag) | quet (m/rad) | quét | 2"

b vet ) b
(m/rad) | quét | *™ | (mirad)

21 0.25 0.00 36 -0.02 -0.11 49 0.06 0.10 64 -0.07 0.00

107 | -0.86 0.00 122 0.04 0.04 135 | -0.03 0.05 150 0.00 -0.13

193 | 0.11 -0.09 221 -0.09 -0.06 236 | 0.06 <017 || 279 | -0.09 -0.01

307 | -0.07 | -0.11 322 -0.25 0.44 350 | -0.04 -0.02 || 365 | -0.23 -0.13

393 | -0.01 -0.03 408 0.07 0.12 421 -';0.04 0.00 436 | -0.06 0.24

479 | 0.08 0.12 494 -0.13 -0.24 507 | 0.08 0.35 522 | -0.08 0.06

565 | 0.13 0.00 580 -0.15 0.12 593 | -0.03 0.04 608 | -0.02 -0.01

651 | 0.43 0.72 666 0.20 0.07 679 | -0.05 -0.05 || 694 | 0.22 -0.15

737 | 009 | 005 || 765 | -009 | -008 | 780 | 0.11 | -0.08 || 823 | -0.03 | -0.03

851 | 0.00 -0.04 866 0.23 -0.14 894 | -0.10 0.25 909 | 0.07 0.00

937 | 020 | -0.12 | 952 | 0.1 | 0.14 | 965 | 006 | 031 | 980 | -0.04 | 0.3

Két qua xac dinh bé mit tu nhién déng luc trung binh dugc trinh bay trén hinh 6 véi khoang
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Hinh 6. B& mit tw nhién ddng luc trung binh trén Bién Pong I

6. Két luan

- C6 thé xac dinh dugc dd cao bé mit tu nhién dong luc trung binh bing sé liéu do cao tir vé
tinh.

- Quy trinh xic dinh d¢ cao bé mit tw nhién dong luc trung binh bing sb lidu do cao tir vé
tinh bao gdm céc budc: Loai bd do cao geoid; Xdc dinh v tri va chénh léch d¢ cao ciia diém giao
cit; binh sai giao cit; tinh do cao bé mit tw nhién dong luc trung binh.

- Trong phan thyc nghiém da tién hanh tinh todn do cao bé mit II,I: nhién djng luc trung binh
bing sé liéu do cao tir vé tinh ENVISAT & mét chu ky trén Bién Dong. Pay méi chi la két qua
tinh toan thyc nghiém budc dau, cé_n tiép tuc tinh toan véi sd liéu do cao tir vé tinh & nhiéu chu
ky khac nhau, nhiéu logi vé tinh khac nhau dé cé nhitng so sanh, danh gid can thiét.
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USING ALTRIMETRY DATA FOR DETERMINATION
OF MEAN SEA DYNAMIC TOPOGRAPHY IN THE EAST SEA

Dr. Nguyen Van Sang, Eng. Ni,;uyen Van Lam
Hanoi University of Mining and Geology

This paper presents method of determination of mean dynamic topography from altimetry
data. Altimetry data give the rough sea surface height relative to the reference ellipsoid. First these
data are corrected for effects of wave, wind, sea tide etc. and reduced by geoid height from Earth
Gravitational Model. Then crossover adjustment technique is applied to estimate mean dynamic
topography in the following steps: determination of crossover locations; modeling sea surface;
crossover adjustment for determination of fmfame_ters of model; and computation of height of
mean dynamic topography. In the experiment, mean dynamic topography height is estimated from
altrimetry data of satellitt ENVISAT in the East Sea.O
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