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Tém tit: Trong do cao Vvé tinh, cdc vét quét diege chia thanh cdc vét quét thang va vét quét
giang. Vi tri giao cdt cia cdc vét quét va chénh léch do cao mat bién tai cdc diém giao cat la
s0 ligu quan trong phuc vu xu 1y s6 liéu do cao v¢ tinh. Viéc xdc dinh vi tri diém giao cdt
dwoc chia thanh hai buoc: buoc 1 xac dinh vi tri gan dung, buoc 2 xac dinh vi tri chinh xdc.
Cdc tinh toan thuc nghiém dwoc thuc hién trén Bién Dong voi 6 liéu do cao vé tinh chu ky

thir 91 cua vé tinh ENVISAT.

1. Dit van dé

V¢ tinh do cao (Satellite Altrimetry) bay trén
qui dao va phat tin hiéu xuéng mat bién. Tin hiéu
nay phan xa va dugc v¢ tinh thu lai. Trén co s&
do thoi gian lan truyén tin hiéu hai chiéu, ching
ta tinh ra dugc khoang cach tir v¢ tinh dén mat
bién tirc thoi. Mit khac, trén vé tinh dit may thu
GPS gilp xéac dinh duogc do cao tric dia cua vé
tinh so v&i mat ellipsoid. Tur day xéc dinh ra
duoc do cao mit bién so véi ellipsoid tai céc
diém do. Cac diém do tap hop thanh cac vét quét
[3]. C6 hai loai vét quét 1a vét quét thiang (con
goi 12 cung thang) — khi vé tinh chuyén dong tir
Nam 1én Bac va vét quét giang (con goi la cung
giang) — khi vé tinh chuyén dong tir Bic xuéng
Nam. Cung thing va cung giang cat nhau tao
thanh diém giao cit. Do mit bién ludn ludn bién
dong nén tai diém giao cit thi d6 cao mat bién
trén cung thang va cung giang la khéac nhau.
Chinh dya vao sy khac nhau nady ma ta c6 thé
x4c dinh duogc sy bién dong cua mat bién tirc
thoi. Vi vay, xac dinh vi tri diém giao cit va
chénh léch d6 cao mat bién tai diém giao cit 1a
cong viée quan trong trong xir Iy s6 liéu do cao
v¢ tinh. Trong [1], da trinh bay phuong phap xac
dinh vi tri diém giao cat bang cach mo phong da
thirc. Trong bai bao nay s& giai quyét van dé trén
bang mdt phuong phap moi.
2. Su phan bd cia sé liéu do cao vé tinh
ENVISAT

Vé tinh do cao ENVISAT dugc phdng Ién
quy dao ngay 01 thang 3 nam 2002 va két thic
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ngay 08 thdng 4 nam 2012. Hon 10 ndm hoat
dong, vé tinh nay di cung cip mot khdi luong
s6 liéu dd s phuc vu nghién ctu bién nhu dia
hinh mit bién, geoid bién, di thuong trong luc
bién vv... S liéu nay van con nguyén gia tri
dén ngay nay. ENVISAT dugc thiét ké sao cho
khoang cach giita cac vét quét lién nhau khoang
70 km, khoang céach giita cac diém do lién nhau
khoang 7.46 km (hinh 1). Véi sy phan bd nhu
vay thi vé tinh ENVISAT quét hét Trai dat can
35 ngay [2]. Trén Bién Déng (b6 vi 80 + 220,
Do kinh 105° + 114°% mdi chu ky gom khoang
44 vét quét, hon 4000 diém do. Mt cat clia cac
vét quét dugce trinh bay trén hinh 2 [4].
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Hinh 1. So do cdc vét quét do cao vé tinh
trén Bién Dong, chu ky do thu 91 vé tinh
ENVISAT
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Hinh 2. So' d6 mdt cdt cdc vét quét do cao
Vé tinh

3. Xac dinh vi tri cia diem giao cat

Hinh 3. Vi tri gan diing cia diém giao cat

Goi No, N1 tuong tmg 1 diém dau va diém
cudi cia cung thang; So, S1 tuong ng la diém
dau va diém cudi ctia cung giang (hinh 3); (¢no,
N0), (N1, AN1), (@s0, As0), (@s1, As1) — 1a toa do
clia cac diém tuong mg; C la giao diém cua
duong thang NoN1 va SoS1 chinh 1 vi tri gan
dung cua diém giao cit. Coi cac diém do nim
trén mat cau c6 ban kinh don vi. Khi do, véc to
don vi i =(Xn, Y, Zn) trén duong thang ndi No
va N1 duogc tinh theo cong thirc:

X = XNl — XNO
N
Ry:
YN — YNl _YNO , (1)
Ry:
7 Ly, _ZNO
N =
Ry:
trong do:
R —\/X — X )2 — 2 — 2.
Nt =V Xne = Xno) ™ + (Yo = Yao)™ +(Zna = Zno)”
)
Xno = COS @y .COS Ay,
Yo =COS@y.8IN Ayyq @)
Zyo =singy,
X1 = COS @y;.COS Ay,
Yy, =C0S@y;.SINA,,; . 4)
Zy, =Singy,

Véc to don vi j=(Xs, Ys, Zs) cia duong
thang ndi So va S1 dugc tinh theo cong thirc:

Xs _ X51 — Xso
RSl
y, = Jsi=Vso (5)
RSl
Zs — 231 — Zso
RSl
trong do:
Ra = \/(Xsa - Xso)2 + (Y51 _Yso)z + (251 - 250)2 ;(6)
X = COS @g,.COS A,
Yso = COS@g,.SiN Ag ; (7
Zsy =singg,
X, =COS @g,.COS A,
Y5, =C0S@g,.SiN Ag; . (8)
Zg, =singg,
Ta lap dugc phuong trinh véc to:
ON, + N,C =0S§,+S,C 9)
& ON,+ai=h.j +c.0OS, (10)

o (XNO’YNO’ZN0)+a'(XN’YN’ZN)
hodc . (11
=Db.(Xsp, Yoo, Zso) +C.(Xs, Ys, Zs)
trong do: a, b, ¢ — 1a cac hé s can xac dinh.
Phuong trinh (11) duoc viét dudi dang ma
tran:
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xso xs _XN b XNo
Yso Yo =Yy |C|=| Yo | (12)
Zso Zs _ZN a ZNO
hoac Ax=1L, (13)
_Xso Xs _XN
trong do: A=| Y, Yo =Yy |
_Zso Zs _ZN
b X o
x=|cl; L=| Yy, (14)
a| Zyo

Giai hé phuong trinh trén s€ xac dinh dugc
cac hé so a, b, c. Toa d6 cua diém giao cat gan
ding C duogc xac dinh bang cong thue:

¢ =arcsin (ij
RC

, (15)
L. =arcsin Yo -
R.. 1_(ch
RC
trong d6: R, =/ X2 +YZ +Z¢& ; (16)

Xo =Xy +aX,
Y. =Y, +aY, (17)
Ze =7y, +aZ,

Sau khi xé4c dinh duoc toa do gan dung cua
diém giao cit, so sanh toa do nay véi toa do cac
diém cua cung thang va cung glang, tim ra 4
diém 1an cin cua diém giao cat roi dwa vao cac
diém nay dé tim vi tri chinh xac cua diém giao
cdt va chénh léch do cao mat bién theo phuong
phap Cramer [5]. Phuong phap nay co thé ap
dung dé xéc dinh vi tri diém giao cit cho cac vé
tinh do cao khac nhu: JASON, T/P hoac
SARAL/AItIKA v.v...

4. Tinh toan thyc nghiém

Trén co so ly thuyét trinh bay & trén, ching
t6i tién hanh tinh toan thyc nghiém cho s liéu
do cao vé tinh ENVISAT trén Bién Dong o chu
ky 91. Chu ky nay c6 4162 diém do, chia lam
44 vét quét, c6 88 diém giao cat. S6 lidu duoc
cung cap boi AVISO [2], [6]. Cac két qua xac
dinh toa d6 gan dung, toa do chinh xac cua
diém giao cat va chénh léch giira chung duoc
trinh bay trén bang 1.

Bang 1. Két qua Xac dinh vi tri diém giao cdt ciia cac vét quét do cao vé tinh

Giao cit Vi tri gan ding Vi tri chinh xéc Do 1éch
9 (%) A () 0 (%) A () Ag (%) AL (%) AS (km)
21 | 236 | 8.099678 | 106.847936 | 8.119351 | 106.843485 0.019673 | -0.004451 2.22
49 | 436 | 14.488786 | 113.315616 | 14.453630 | 113.316811 | -0.035156 | 0.001195 3.87
49 | 894 | 12.903763 | 113.674915 | 12.888258 | 113.674258 | -0.015505 | -0.000657 1.71
107 | 322 | 8.105799 | 105.409040 | 8.127311 | 105.405151 0.021512 | -0.003889 2.40
135 | 150 | 19.109213 | 110.799390 | 19.077642 | 110.799542 | -0.031571 | 0.000152 3.47
135|350 | 8.101689 | 113.314688 | 8.100670 | 113.314583 | -0.001019 | -0.000105 0.11
193 | 408 | 8.098751 | 103.973456 | 8.101778 | 103.973598 0.003027 | 0.000142 0.33
193 | 952 | 9.721439 | 103.611542 | 9.726450 | 103.610550 0.005011 | -0.000992 0.56
221 | 436 | 8.100129 | 111.877913 | 8.104495 | 111.877549 0.004366 | -0.000364 0.48
221 | 780 | 20.593191 | 109.003836 | 20.577786 | 109.003586 | -0.015405 | -0.000250 1.69
2211980 | 9.735376 | 111.518203 | 9.726858 | 111.514365 | -0.008518 | -0.003838 1.03
279 | 36 9.708098 | 102.177685 | 9.701777 | 102.178344 | -0.006321 | 0.000659 0.70
279 | 494 | 8.098081 | 102.536343 | 8.126518 | 102.529838 0.028437 | -0.006505 3.21
279 | 580 | 11.308984 | 101.817542 | 11.313935 | 101.815408 0.004951 | -0.002134 0.59
307 | 64 9.731108 | 110.081418 | 9.702755 | 110.081776 | -0.028353 | 0.000358 3.12
307 | 522 | 8.102773 | 110.440106 | 8.132358 | 110.433152 0.029585 | -0.006954 3.34
307 | 866 | 20.584928 | 107.564622 | 20.606254 | 107.558854 0.021326 | -0.005768 2.43
365 | 122 | 9.709606 | 100.740261 | 9.715113 | 100.738006 0.005507 | -0.002255 0.65
365 | 666 | 11.310858 | 100.380155 | 11.324053 | 100.375800 0.013195 | -0.004355 1.53
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Tur bang 1 rdat ra nhan xét: Chénh 1éch cua
toa do gan dung va toa do chinh xéac 1a nho.
Nhu vdy, vi tri gan dung xéac dinh theo phuong
phap nay cho phép tim ra duoc dung 4 diém lan
can cua diém giao cit.

Dé kiém tra sy sai 1am khi xac dinh vi tri
diém giao cit, ching toi biéu dién cac vét quét
va cac diém giao cit trén ban d6 sb. Két qua
kiém tra cho thiy khong co su sai lAm trong
viée xac dinh vi tri diém giao cit.

5. Két luan

- Phuong phap trinh bay trong bai bao c6 co
s& toan hoc chat ch€, cho phép xac dinh vi tri
gan dang cua diém giao cat trén khu vuc cuc
bo.

- TUr nhiing két qua thuc nghiém cho thay
chénh 1&ch gitra vi tri gin dng va vi tri chinh
xéac khong 16n, di dé tim ra 4 diém lan can cua
diém giao cit, 1a co s& dé xac dinh vi tri chinh
xéc cta diém giao cit.

- Tir nhing cdng thirc cuia phuong phap nay
c6 thé xay dung thanh chuong trinh may tinh de
t dong xac dinh vi tri diém giao cit cua cac vét
quét do cao v¢ tinh.
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SUMMARY
Determination of the crossover locations of the satellite altimetry tracks in the EastSea

Nguyen Van Sang, Hanoi University of Mining anh Geology
Dang Xuan Ky, The Central Region Transport College
Nguyen Quoc Dao, Quangninh Economic Zone Authorit
Ho Viet Dung, Hochiminh city University of Transport

In the satellite altrimetry, sub-satellite tracks are classified into ascending and descending
tracks. Crossover location of the tracks and differences of sea surface height in the cross-points are
important informations for altrimetry data processing. The determination of the crossover locations
has two steps: first step is determination of the estimated points, second step is determination of the
exact locations. The experimental computations are realized in the EastSea which is based on data
obtaining from ENVISAT satellite altrimetry of the 91% cycle.
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