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PHUONG PHAP LOAI BO THANH PHAN DIA HINH PONG LUC HQC
TRONG SO LIEU PO CAO VE TINH TREN BIEN PONG

NGUYEN VAN SANG, Truong Pai hoc Mo - Dia Cht

Tém tit: Po cao vé tinh xdc dinh dwoc dé cao mdt bién so véi ellipsoid. Trong do cao nay
chita do cao geoid, dia hinh mat bién trung binh dong hoc va dia hinh dong lyc hoc. Pé loai
bo thanh phdn dia hinh dong luc hoc tur s6 liéu do cao vé tinh thi ky thudt binh sai giao cdt
dwoc ap dung theo cac buoc: Xac dinh vi tri diém giao cdat; M6 hinh héa d@é cao dia hinh
dong luc hoc bdng cac tham sé dé nghiéng va do léch; Binh sai giao cat dé xac dinh cac
tham sé mé hinh. Cdc tinh todn thuc nghiém dwoc thuc hién trén Bién Dong voi 56 lidu cua
vé tinh do cao ENVISAT chu ky 81. Két qua thiee nghiém cho thdy ky thudt binh sai giao cdt
da loai bo dwoc thanh phdn do cao dia hinh dong luc hoc trong 56 liéu do cao vé tinh.

1. Pat van dé

Do cao v¢ tinh (altimetry) 1a mot cong nghé
moi cua trac dia vé tinh dugc tmg dung rong rai
va hiéu qua trén thé gidi, trong cac linh vuc
nhu: xac dinh geoid bién; xac dinh di thuong
trong luc bién; nghién cuu dia vat ly bién; thanh
1ap ban d6 va giam sat bang v.v... [0]. Cac vé
tinh do cao bay trén mat bién, phat tin hiéu s6ng
rada xuéng mit bién. Tin hiéu nay phan xa tro
lai vé tinh. Bang cach do thoi gian lan truyén tin
hiéu hai chiéu sé& xac dinh dugc khoang céach (h)
tir vé tinh dén mat bién. Vi tri cia vé tinh trén
qui dao dugc xac dinh bang hé thong dinh vi
toan cau GPS (Global Positioning System) hoic
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cac phuong phap khac nhu DORIS (Doppler
Orbitography and Radiopositioning Integrated by
Satellite), SLR (Satellite Laser Ranging), nghia
la x4c dinh duogc d6 cao (H) cua v¢ tinh so voi
ellipsoid qui chiéu (hinh 1). P§ cao cua mit
bién (SSH — Sea Surface Height) dugc xac dinh
bang cong thirc [0]:

SSH=H-h+h,,,, 1)
trong d6: heorr — cc s6 hiéu chinh.

Do cao mit bién xac dinh duge biéu dién
thong qua dg cao geoid (N) va do cao dia hinh
mat bién dong hoc (hg) theo cong thirc (xem
hinh 1):

SSH =N +h;. (2)
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Hinh 1. Biéu dién do cao mat bién
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Do cao dia hinh mit bién dong hoc duoc
chia thanh 2 phan la: dia hinh mit bién trung
binh dong hoc (Mean Dynamic Topography -
hvpot) va dia hinh mit bién dong hoc bién dbi
theo thoi gian ht (con goi 1a dia hinh dong luc
hoc)[0]. Khi d6 d6 cao mit bién dugc bicu dién
bang cong thirc:

SSH=N+h,, +h . 3)

Do cao geoid N ciing dugc chia thanh 2
thanh phan: Do cao geoid tinh theo mé hinh
NEecm va phan du d6 cao geoid AN.

Tir cong thire (3) ta thdy: néu biét duoc dia
hinh mit bién trung binh dong hoc thi co thé
xac dinh dugc geoid bién, day la van dé ma céc
nha tric dia quan tdm; nguoc lai néu biét duoc
geoid bién thi s& xac dinh duoc dia hinh mat
bién trung binh dong hoc, day 1 van dé ma cac
nha hai duong hoc quan tam. Van dé dat ra
trong ca hai bai toan trén 1a phai loai bé dugc
thanh phan dia hinh mit bién dong hoc bién doi
theo thoi gian h.. Van dé nay sé duoc giai quyét

%

bang ky thudt binh sai giao cit (crossover
adjustment).

2. Sw phén bd tri do ciia do cao vé tinh trén
bién

Tap hop cac tri do cua do cao v¢ tinh tao
thanh cac vét do (con goi 1a cac cung) trén bién
(hinh 2a). Tuy thudc vao hudéng chuyén dong
cta vé tinh ma céac vét do chia 1am céac vét do
thing (cung thing) va vét do giang (cung
giang). Cung thang va cung giang cit nhau tao
thanh diém giao cit (hinh 2b).

Do c6 dia hinh mat bién dong hoc bién dbi
theo thoi gian nén tai diém giao cit, do cao trén
cung thang va cung giang 1éch nhau mét luong
la dH (hinh 2c) [0]. Co so cta ky thuat binh sai
giao cit 1a dua vao chinh dai lugng dH nay dé
xac dinh dja hinh mat bién dong hoc bién ddi
theo thoi gian. Céac diém giao cat thuong khong
tring v6i cac diém do nén viéc dau tién trong
k¥ thuat binh sai giao cat 1 xac dinh vi tri diém
giao cit va chénh léch do cao tai diém giao cit.
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3. Xdc dinh vi tri diém giao cit va chénh léch
dd cao tai diém giao cit

Viéc xac dinh vi tri diém giao cit va chénh
léch dd cao tai diém giao cit co thé thuc hién
bang 3 phuong phap: Phuong phap md phong
da thire bac hai; Phuong phap véc to khong gian
(hay con goi la phuong phap toa do khong gian)
va phuong phap xdc dinh tryc tiép toa do diém
giao cit. Trong d6, hai phuong phap dau thuc

Hinh 2b. Cdc diém giao cat trong do
cao Vvé tinh

Hinh 2c. Chénh léch do cao tai

diém giao cat

hién xé4c dinh vi tri diém giao cdt qua 2 budc:
budc 1 — xéac dinh vi tri gin ding cua diém giao
ct; budc 2 — xdc dinh vi tri chinh x4c vi tri
diém giao cat. Phuong phép thir 3 cho phép xac
dinh truc tiép vi tri chinh x4c diém giao cit ma
khong can théng qua budc xac dinh vi tri gan
dung cua diém giao cit. Cac phuong phap nay
da dugc trinh bay trong cac tai liéu [0], [0] va

[0].
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4. Binh sai giao cit dé loai b thanh phan dia
hinh mit bién dong hoc bién ddi theo thoi
gian

Déi voi khu vuc nhu Bién Pong (chiéu dai
vét do nho hon 2000 km) thi dia hinh mit bién
dong hoc bién ddi theo thoi gian hy duge mod
hinh héa bang c4c tham sb d6 léch a va do
nghiéng b. Khi d6 chénh léch do cao tai diém
giao cit cua cung thing i va cung giang j duoc
biéu dién bang cong thirc [0]:

dHij :(ai+b|'1uj)_(aj+bj'lui)+vij’ (4)
trong do: aj, aj 1a cac tham sb do 1éch; bi, by 1a
cac tham s6 do nghiéng; Wi, Wj — do6 kinh tuong
dbi so voi do kinh trung binh cua vétdoivaj.

Phuong trinh duoc viét & dang ma tran:

L=Ax+V, (5
trong do: x 1a ma tran an s chira cac tham sb a
va b: V 1a ma tran sb hiéu chinh; L 13 ma tran sb

hang tu do chira dH.

C6 thé viét hé phuong trinh ndy ¢ dang
thuong gap:

V=Ax-L. (6)

Pay 1a hé phuong trinh khuyét thiéu. Dé
giai hé phuong trinh nay c6 thé str dung phuong
phap c6 dinh hai cung. Tuy nhién, cic cung
trong do cao v€ tinh c6 do chinh xac tuong
duong nhau nén kho khan trong viéc chon hai
cung nao 1am cung c¢d dinh. Ngudi ta ciing ¢
thé giai hé phuong trinh (6) theo phuong phap
s6 binh phwong nho nhat VTPV =min kém
diéu kién chuan nho nhat x"P.x =min . Khi do

Tuy nhién, hai phuong phap trén déu c6
nhuoc diém 1a mit bién trung binh xac dinh
dugc sau binh sai giao cit khong phu hop véi
geoid. D¢ khac phuc diéu nay, nguoi ta md hinh
hoéa do cao dia hinh mat bién tai cac diém do
cao trén vét quét k bang cac tham so do 1éch
(a)) va @ nghiéng (bY) va lam khép cac vét do
v6i md hinh geoid. Khi do, ta c6 phuong trinh
s0 hiéu chinh cho diém i1 trén vét do k:

SSH,, =a; +b.u +V, -
trong do: 4 —
Vki1 -
SSH,
cao geoid va dia hinh mat bién trung binh dong
hoc.

Céc tham s6 a’ va b’
dugc xac dinh theo nguyén Iy sé binh phuong

(8)
d6 kinh tuong dbi caa diém ix;
s6 hiéu chinh d6 cao cua diém i

. - d0 cao mat bién sau khi da loai bdé do

cua vét do thu k

Ny

nho nhat theo diéu kién » V.2 =min, ni — 12 sb
=

diém do trén vétdo k. ‘

Viéc lam nay co thé thyc hién dong thoi voi
viéc binh sai giao cat. Khi do, a®=a, b°=Dbva
hé phuong trinh s6 hiéu chinh ¢6 dang:

v, = (a +bi.yj) —(aj +bj.yi) —dHij )
Vi, = (@ + bk':ukil) - SSHki1

Cac tham s6 a va b dugc giai theo nguyén

ly s6 binh phuong nho nhat véi diéu kién:

2 2 :
ta c6 nghiém tdi wu dwgc xac dinh theo cong zvii +Wzvkil =min. (10)
thire: t 60 w13 5t
X = (ATPA+ Px)_l ATPL . ) 5ro_rllg 0: W a trong so Eong quan.
. Tinh toan thyc nghiém
Bdng 1. Cdc hé s6 ciia cdc tham s6 a va b
Vétdo | a(m) | b(m/rad) | Vétdo | a(m) | b(m/rad) | Vétdo | a(m) | b(m/rad) | Vétdo | a(m) | b(m/rad)
21 -0.62 0.00 36 -0.03 -0.07 49 0.13 0.02 64 -0.06 0.15
107 0.88 0.00 122 | -0.01 0.18 135 0.10 0.00 150 | -0.09 0.17
221 0.01 -0.06 236 | -0.35 0.21 279 | -0.06 0.05 307 | -0.10 -0.03
322 0.04 -0.35 350 0.05 -0.53 365 | -0.03 -0.11 393 | -0.05 -0.16
408 0.10 -0.15 436 0.02 0.06 479 | -0.36 0.81 494 | -0.01 -0.16
507 0.12 -0.10 522 0.02 0.05 565 0.11 0.00 580 | -0.10 0.08
593 0.00 -0.11 608 0.00 0.12 651 0.18 0.34 666 0.07 0.01
679 0.02 -0.03 694 | -0.13 0.11 737 0.05 0.12 765 | -0.01 0.05
780 | -0.04 -0.05 823 0.00 -0.02 851 0.01 -0.04 866 0.05 -0.07
894 0.08 0.07 909 0.10 0.00 937 | -0.16 -0.11 952 | -0.05 -0.14
965 0.07 -0.85 980 0.02 0.00
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Trén co s& ly thuyét trinh bay & trén, ching
t6i tién hanh tinh toan thuc nghiém cho s liéu
do cao vé tinh ENVISAT trén Bién Bong ¢ chu
ky 81. Chu ky nay c6 4109 diém do, chia lam
42 vét do. Sb lidu duogc cung cip boi AVISO [0,
0]. Trén bang 1 1 két qua xac dinh cac tham sb
avab.

Pé kiém tra hiéu qua cua bai toan binh sai
giao cit trong viéc loai bo thanh phan dja hinh
mit bién dong hoc bién ddi theo thoi gian,
ching tdi tién hanh so sanh chénh léch d6 cao
tai diém giao cit trude va sau binh sai giao cit.
Trén hinh 3 1a d6 thi biéu dién chénh léch do
cao tai diém giao cét trudc binh sai.

Chénh léch doé cao (m)

Piém giao cat

Hinh 3. D6 thi biéu dién chénh léch do cao tai diém giao cat trude binh sai giao cat

Gi4 tri trung binh chénh léch d6 cao dH{, trudc khi binh sai giao cat tinh dugc theo cong thirc:

dH/; = %ZdHi =0,035m,
i=1

(11)

trong d6 dHi — chénh léch d¢ cao tai diém giao cat trudc khi binh sai giao cat.
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Hinh 4. 6 thi biéu dién chénh léch dé cao tai diém giao cdt sau binh sai giao cat

Hinh 4 1 d6 thi biéu dién chénh léch dd cao
tai diém giao cat sau binh sai giao cat.

Gid tri trung binh chénh Iéch dd cao
dH-, sau khi binh sai giao cat tinh duoc theo
cong thuec:

dH, =%ZdH'i =0,000m, (12)

i=1

trong d6 dH i — chénh léch do cao tai diém giao

cit sau khi binh sai giao cit.
Nhéan xét: Tir d6 thi trén hinh 2, hinh 3 va

két qua tinh gia tri trung binh chénh léch d¢ cao
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trrde va sau binh sai trong cong thic (11) va
(12) ta thdy:

- Gia tri cda cac chénh léch d6 cao trudc
binh sai giao cit 1én hon nhiéu so véi sau binh
sai. Nhu vay binh sai giao cit da lam giam dang
ké chénh léch d6 cao tai diém giao cit.

- Truéc binh sai, d6 thi cac chénh léch do
cao ndm léch vé phia trén truc hoanh, gia tri
trung binh 1a 0,035m chimng t6 trong chénh l¢ch
dd cao tai diém giao cit ¢ chira sai sd hé théng.

- Sau binh sai, dd thi cic chénh léch do cao
phan bd déu vé hai phia cia truc hoanh, gia tri
trung binh 1a 0,000m chung to trong chénh 1éch
do cao tai cac diém giao cat khong con sai s6 hé
théng.

- Sau khi binh sai giao cat, chénh léch do
cao tai diém giao cit 1a rat nho, didu nay chimg
t6 thanh phan dia hinh mit bién dong hoc bién
d6i theo thoi gian di duoc loai bo dang ké.

6. Két luin

e Thanh phﬁn dia hinh mit bién dong hoc
bién doi theo thoi gian da duogc loai bo déng ké
khoi do cao mit bién bang phuong phap binh
sai giao cat.

e Binh sai giao cit da lam giam chénh
léch do cao tai diém giao cit va loai bo sai s6 hé
thdng trong chénh léch do cao nay.
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ABSTRACT
Method to remove the dynamic ocean topography from altimetry data in the East Sea
Nguyen Van Sang, Hanoi University of Mining and Geology

The relative rough sea surface height above the reference ellipsoid can be determined from altimetry
data. The calculated height value contains geoid height, the mean dynamic topography and the dynamic
ocean topography. In order to remove the dynamic ocean topography from altimetry data the
crossover adjustment technique was applied through the following steps: (1) determination of crossover
locations, and modeling the temporal change of dynamic sea surface topography with bias and tilt
parameters; (2) crossover adjustment for determining the parameters of model. The approach was
experimentally tested on ENVISAT satellite altimetry data of cycle 81% on the East Sea. The experimental
results show the capability of crossover adjustment technique for removing the dynamic ocean
topography from altimetry data.

100



