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XAC PINH CAC HAM HIEP PHUONG SAI KHI TINH DI THUONG
TRONG LUC BANG SO LIEU PO CAO VE TINH SU DUNG
PHUONG PHAP COLLOCATION

NGUYEN VAN SANG, Truong Bai hoc M6 - Pia Cht

Tém tit: Bai bao trinh bay phirong phdp xdc dinh cdc ham hiép phwong sai ciia phan dw di
thwong trong liee, phan dir do cao geoid, giita phan dw di thuong trong lwc va phan dwr do
cao geoid khi tinh di thwong trong luc bang sé liéu do cao vé tinh theo phwong phdp
Collocation. Bai bdo ciing trinh bay cach tinh gid tri ham hlep phwong sai thuc nghiém va
xdc dinh cdc hé s6 cia ham hi¢p phwong sai Iy thuyét tirong ung. Cdc tinh todn thuc nghiém
duwoc thue hién doi véi sé liéu do cao vé tinh ENVISAT trén Bién Dong.

1. Pit vin dé

Trong nhiing nim gan day, phuong phép
Collocation dugc tmg dung hiéu qua trong mot
s6 bai toan ndi suy cua tric dia nhu: noi suy di
thuong trong luc; ndi suy di thuong do cao; ndi
suy do 1éch day doi vv...0 Viét Nam, phuong
phap nay chii yéu duoc dung dé ndi suy di
thuong trong luc hodc di thuong do cao cia mét
diém P tir nhitng gia tri cung loai ciia cac diém
khac. Khi do, cac ham hiép phuong sai thuong
dugc str dung la ham Gaussian hodac ham
Marcov v.v... . Trong bai toan xéac dinh di
thudng trong luc bang s lidu do cao vé tinh sir
dung phuong phap Collocation, tur két qua do
cao mit bién s& tinh ra dwoc phan du do cao
geoid AN, gid tri nay s& dugc sir dung dé noi
suy di thuong trong luc. Trong truong hop nay
thi cac ham hi¢p phuong sai trén khong con st
dung dugc nita. Tscherning va Rapp [2] da dé
xuat biéu thirc biéu dién ham hiép phuong sai
ctia thé nhidu theo cac hé sé ham cau diéu hoa.
Bai bao nay s€ trinh bay cach xac dinh cac ham
hiép phuong sai ctia phan du di thuong trong
luc, phan du d6 cao geSoid va gitta phan du di
thudng trong lyc va phan du d6 cao geoid khi
xtr 1y s liéu do cao vé tinh bang phuong phap
Collocation. Bai bao ciing trinh bay cach tinh
gia tri ham hi¢p phuong sai thyc nghiém va xac
dinh céc hé s0 cua ham hiép phuong sai ly
thuyét tuong img. Cac so li¢u thuc nghiém duoc

thuc hién ddi voi sd lifu do cao vé tinh
ENVISAT.

2. Tinh phin dw cia di thwong trong luc
bang so li€éu do cao vé tinh theo bai toan
Collocation cuc b§ .

Giad sir ¢6 n gia tri phan du d§ cao geoid
AN,,AN,,...,AN_, theo bai toan Collocation
cuc bf) [2], gia tri ph?{n du di thuong trong luc
tai diém P dugc tinh bang cong thuc:

Ag, =K/, (AN, Ag,) x

x[K(AN,AN) +C, ]~ xAN,

D0 chinh xac twong g dugc danh gia theo
cong thuc:

Gig =K1 (AGp, AGs) - KlTxn (AN, Ag,)x

x[K(AN,AN)+C, ] xK, (AN, Ag,)
trong do:
K(:,-) — ham hiép phuong sai;
C, —ma tran hiép phuong sai sai sb do;
AN —phan du d6 cao geoid.

1)

K'(AN,Ag,) =[K(AN,,Ag,)  K(AN,,Agy) ... K(AN,,Ag,)],
3
K(AN,,AN,) K(AN,,AN,) .. K(AN,AN,)
K(AN, AN) = K(AN,,AN,) K(AN,,AN,) .. K(ANl,ANl)’
K(AN,,AN,) K(AN,,AN,) .. K(AN,,AN,)
i 4)
Cll C12 Cln ANl
C, C c . | AN
CA: 21 22 2n ,ANZ 2 ’ (5)
Cnl Cn2 Cnn ARln
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3. X4c dinh ham hiép phwong sai ciia phén
dw do cao geoid K(AN;j, ANj)

Theo [2], ham hiép phuong sai cua thé
nhiéu ¢ dang

2

K(T, T,) = Zc,{”

J P (cosy) (6)

Mbi quan hé gilta thé nhiéu T, d6 cao geoid
N va trong luc chuan vy [1]

N=T , @)

Y
Tur cdng thae (6) va (7), ta co

K(AN;, AN;) = [ J(T)( J(T)

1+1 ’ (8)
xZo, [ : r,} P,(cos )
Rt gon thanh:
K(AN;, AN,) = %gcf [E;]MPI (cos ) 9)
trong do: o h

T — thé nhiéu:
P,(coswy) — da thuc Lagrang bac (;
v — khoang cach cau giita diém i va j;

ri va rj — khoang céach dén diém i va j tinh tir
gdoc toa do;
¥i,Y;— trong lyc chuén;

o’ — phuong sai cua thé nhiu

A5 (B L )

G — hang sb trong trudng;

M — trong luong trai dét;

R — ban kinh trung binh cua Trai Dat;

Cim, Sim— CAc hé s6 tiéu chuin cép £ bac m.
4. Xac dinh ham hi¢p phwong sai giira phan
dw d9 cao geoid va phan dw di thwong trong
lye K(AN;, Ag;)

Theo [1], ching ta c6 quan h¢

Ag=—L 27 , (11)

(10)

Twr cong thure (6), (7) va (11) ta co:

K(AN, Agp) = ( j( >(—ar—rj<> )

. , R2 1+1
XY o [rrj P, (cos y)

iIp
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K(AN,,Ag;) :lx

<ot D (R—J P (cosy)

=2 b \ Tl

va : (13)

5. Xac dinh ham hi¢p phwong sai ciia phan
du di thuwong trong luc K(Ag;,Ag;)
Tt cong thuc (6) va (11) ta nhan dugc:

K(Agi,Agj)=(—§—%j(Ti)x

5 9 - , R2 I+1
XL_E_FJ(TJ-)EGI LWJ P (cosy)

)

(l _1)2 R_2 1+1
=2 AT ,  (15)

(14

_l\)

K(Ag, Ag) =Y o

R (cosy)

Trong thuc té, cdc ham hiép phuong sai
theo (9), (13) va (15) chi co6 thé tinh dén bac N
hitu han, thanh phan con lai phai duoc mé hinh
hoa. Theo [2], ham hiép phwong sai toan cau
cta thé nhiéu duoc xac dinh theo cong thuc:

(Ti,Tj):aZN:d,(gj P,(coswy) +

. 9 1+1
+> A Re P, (cos )
S (D=2 +D) | 1o,
trong do:

a— tham s6 bo sung;

di — phuong sai cta cac hé s6 dén bac N;

b — 1a mot s, thuong dugc chon 14 4;

A — hang sb c6 don vi 1a (m/s)*;

R — ban kinh trung binh trai dét;

Rs — ban kinh ctia hinh cu ¢ tim tring
v6i tam vat chit trai dat.

Tuong tng voi (16), ham hi€p phuong sai

ctia phan du d6 cao geoid (9) ¢ dang:

aZd [] P,(cos ) +

1=2 Y|YJ

. (16)

K(AN,, AN,)
. (17)
2 A 1 [RZ

05 7,1, rr] filcosy)

I=N+1 (I



ham hiép phuong sai giita phan du di thuong
trong luc va phan du d6 cao geoid (13) c6 dang:

N 1+1
K(AN.,Ag,) = Z : [ J P.(cos ) +
P

Vi =2 Il
, (18)

1e A 1(R
+E.§1(|—2)(I+b)ﬁ[ﬁj Ficosy)

va ham hi€p phuong sai di thuong trong luc

(15) co6 dang:
1+1
N |_12 R2
K(Agi,Agj):aZdlu[F] P.(cosy) +
i

1=2 ri'rj

<A (-d(R2)
20D o [WJ ey

6. Xac dinh hiép phwong sai thue nghiém
Theo [2], cac gia tri cua ham hiép phuong
sqi thuc nghiém phan du dd cao geoid dugc tinh
bang cong thl'IC'
Z[AN ],

| n=1

, (19)

(20)

trong do:

P va P’ — tit ca cac diém co6 gia tri phan
du do cao geoid c6 khoang cach cau y thoa
man diéu kién

—ATWS\VS\yi+A7W ; (21)

mi — sd luong tich co6 dugc;

Ay — khoang cach cau giita cac diém
trong tap hop sb lidu, yi — Ay/2 = 0, néu ;i <
Ay/2.

Cac gia tri thuc nghiém tim dugc s€
duoc xap xi v6i ham 1y thuyét dang (17) dé tim
ra cac tham s a, d, N, A, va Rg. Céc gia tri cua
cac ham hi€p phuong sai dugc tinh theo céc
cong thace (17), (18) va (19).

7. Tinh toan thuc nghiém

Céc tinh todn thuc nghiém dugc thuc hién
d6i voi s6 liéu do cao vé tinh ENVISAT chu ky
thir 81 trén Bién Pong [5]. Khoang cich cau
giita cac diém 1a Ay = 10°. Céac gia tri hiép
phuong sai thyc nghiém dugc tinh trong khoang
0% < y <3° (phu hop véi kich thude ving tinh).
Céc gia tri thuc nghiém dugc tinh toan béng
chuong trinh “EmpCov”. Qua trinh xap xi gia
tri thuc nghiém va ham ly thuyét duoc thuc hién
bang chuong trinh “Covfit” [3]. Céc gi trj hiép
phuong sai thyc nghiém va 1y thuyét duoc trinh
bay trén bang 1. D6 thi ciia ham thuc nghiém va
ham 1y thuyét trinh bay trén hinh 1. Cac tham s6
nhan duoc la: N =80, a = 0,5371,
Rs - R =-0,96509 km, A = 26 400 (m/s)*,
phuong sai cua di thuong trong luc = 21,93
mgal?.

Vi

Bang 1. Phuong sai thuc nghi¢m cua phan dw dj cao geoid
va ket qua xap xi ham doi voi so liéu do cao vé tinh ENVISAT chu ky 81

Hiép phuong sai, m? Hiép phuong sai, m?
Ne | wi(® Ly No wi ) Thuc Ly
Thyc nghiém thuyét nghiém thuyét
1 0.0000 0.0429 0.0429 11 1.6670 0.0122 0.0075
2 0.1670 0.0389 0.0414 12 1.8330 0.0112 0.0051
3 0.3330 0.0349 0.0383 13 2.0000 0.0083 0.0030
4 0.5000 0.0292 0.0344 14 2.1670 0.0100 0.0014
5 0.6670 0.0232 0.0301 15 2.3330 0.0076 0.0002
6 0.8330 0.0211 0.0257 16 2.5000 0.0065 -0.0008
7 1.0000 0.0188 0.0214 17 2.6670 0.0038 -0.0014
8 1.1670 0.0164 0.0174 18 2.8330 0.0054 -0.0018
9 1.3330 0.0135 0.0137 19 3.0000 0.0044 -0.0020
10 1.5000 0.0137 0.0104
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8. Két luén

- Cac ham hiép phuong sai ma bai bao da
sir dung va dua ra 1a chit ché vé 1y thuyét va
kha thi trong tinh toan thyc nghiém.

- Cac két qua nghién ctru cua bai bao co thé
dugc ap dung trong xu ly sO lidu do cao vé tinh
giai quyét cac bai toan méi vé nghién ctru hinh
dang, kich thudc, thé trong truong cta Trai dat.
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SUMMARY
Determination of the covariance functions for computation of the gravity anomaly from
ENVISAT altimetry data using the Collocation method

Nguyen Van Sang, University of Mining anh Geology

The paper presents method to determine the covariance functions of residues of gravity
anomaly, residues of geoid height, residues of gravity anomaly and residues of geoid height for
computation of the gravity anomaly from ENVISAT altimetry data using the Collocation method.
The paper also presents method to compute the value of the empirical covariance functions and
determine the coefficients of the corresponding theoretical covariance functions. The case study
was applied to compute for ENVISAT altimetry data in the East Sea.
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