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Tém tit: Bai bao trinh bay phuong phap xac dinh cac gia tri cua hiép phuong sai thuc
nghiém, va cac tham s6 ctia ham hiép phuong sai 1y thuyét trong tinh di thuong do cao tur
s6 liéu di thuong trong luc bang phuong phap Collocation. Co s ly thuyét xac dinh ham
hiép phuong sai da dugc nghién ciru chi tiét. Dya trén co so 1y thuyet nhom tac gia da xac
dinh duoc cac gia tri hiép phuong sai thue nghiém va cac tham s6 cua ham hiép phuong
sai 1y thuyét cho dir liéu thir nghiém thudc khu vue mién Trung Viét Nam bang chuong
trinh EMPCOV va COVFIT trong b phin mém GRAVSOFT. Tur cac by tham so tim
duogc, d3 xac dinh duoc bo tham sb ciia ham hiép phuong sai 1y thuyét t6t nhat (N = 1172;
f =28,04; A = 0,18.10% Phuong sai = 289,18 mGal?, Re-Re = -0,075 km; RMS = 17,72
mGal?).

Tw khoa: Di thuong trong luc, di thuong do cao, phu:ong phap Collocation trung phuong,
ham hiép phuong sai thyc nghiém, ham hiép phuong sai 1y thuyét.
1. Pit van dé

Least Square Collocation (LSC) 12 phwong phap dugc str dung pho bién trong Tric
dia, dic biét 1a Tric dia vat 1y trong tinh di thuong do cao tu s6 liéu dj thuong trong luc,
phuc vu xay dung geoid/quasigeoid dbi véi mot khu vire hay voi mot qudc gia. Nam 2014,
Ba Lan di sir dung phuwong phép nay dé xdy dung quasigeoid ctia minh [9]. Tai Iran, nim
2019, céc tac gia cling sir dung phuong phap LSC dé xay dung mé hinh goeid qubc gia [8]
Trong [1], céc tac gia cling sir dung phuong phap nay dé xac dinh di thuong trong luc tir
s6 liéu do cao vé tinh.

Theo phuong phap LSC, dé tinh dugc di thuong d6 cao tir s6 licu di thuong trong lyc
hoic tir s6 lidu két hop nhat thiét phai xac dinh duoc bo tham sé trong phuong trinh tinh
chuyén gdm: hé sé N, gia tri phuong sai Varg, hiéu cta ban kinh cau Bjerhammar va béan
kinh trung binh cta trai dat Re-Re va hé s ty 18 f. Theo c& so 1y thuyét, dua trén s6 lidu
dau vao ta s& xac dinh dugc cac gia tri cia ham hi¢p phuong sai thuc nghiém, budc tiép
theo 14 x4c dinh cac tham sb ctia ham hiép phuong sai 1y thuyét dua trén viéc lam khop
ham 1y thuyét v6i ham thye nghiém. Cac tham sé tim duoc ctia ham Iy thuyét chinh Ia tham
sO clia phurong trinh tinh chuyén, 1a ¢6t 16 ctia ndi dung phwong phap LSC. Nhu vay, trong
ndi dung bai béo, nhém tac gia chi tap trung trinh bay vé co s& 1y thuyét xac dinh cac ham
hiép phuong sai, thuc nghiém xac dinh cac ham hiép phuong sai cho sb liéu thudc mot khu
vuc nghién ctru. Viéc tinh toan hién nay thuong dugc thuc trén hai modul “EMPCOV” va



“COVFIT” trong gobi phan mém GRAVSOFT cua nhom tac gia Forsberg[4]. Tir sb liéu di
thuong trong luc con du, st dung chuong trinh “EMPCOV” dé xac dinh dugc ham hiép
phuong sai thuc nghiém. Budc tiép theo, st dung chuong trinh “COVFIT” x4c dinh cac
tham s6 ctia ham hiép phuong sai 1y thuyét dya trén co s¢ so sanh két qua tinh véi cac gia
tri hiép phuong sai thuc nghiém. Cac tham sb can tim duoc thuc hién theo phuong phap
thu cong bang cach thay ddi cac gi tri can tim 1a dau vao cta chuong trinh “COVFIT” va
thuc hién thay thé dan sao cho c6 duoc két qua bo tham s6 duoc coi 1a tdi uu nhat. Cong
viéc nay yéu cau nguoi st dung chuwong trinh phai ¢ kién thire chuyén sau va nhiéu kinh
nghiém. Véi mdi bd tham s6 tim duogc, nguoi st dung can phai luu ra cac file riéng biét,
thuc hién biéu dién db thi d6 khop giira hiép phuong sai 1y thuyét va hiép phuong sai thuc
nghiém trén phan mém Excel dé xac dinh dugc bd cac tham s6 tdi vu.
2. Dir liéu va phwong phap nghién ciru
2.1. Khu vec va die liéu nghién ciru

Gi6i han khu vuc thuc nghiém co vi do tir 15° + 20°, kinh d¢ tir 104° + 1099, kich
thudc ving tinh 5° x 5°. Lanh tho Viét Nam gdm céc tinh tir Nghé An dén Quang Nam -
ba Nﬁng va mot phén Thanh Hoa. Lanh hai 1a pham vi thudc Bién bong.
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Hinh 1. Khu vuc thuc nghiém va dit liéu tinh 7
(e di thuong trong luc ddt lién; e di thuong trong lyc bién)
Dir li¢u trong luc trong tinh toan 1a dir liéu di thuong trong luc khong khi tu do (FA:

Free Air) bao gdm dir liéu dét 1ién va dit liéu trén bién. Trén dat lién: 9442 tri do di thudng
trong luc chan khong (khéng khi tu do). Dir liéu di thudong chan khong trén bién: 1430

di€ém, mat ludi 5' x 5', 1a s6 li¢u dugc trich xuat tir mé hinh truong trong luc bién toan cau
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c6 do phan giai cao DTU17GRA[2]. Hinh 1 m6 ta khu vuc thuc nghiém va dir liéu di
thuong trong lyc chan khong thugc pham vi dét lién, bién. Di thuong trong luc cia mé hinh
EIGEN-6C4 duoc tinh tir trang Web cua Trung tdm qudc té vé cac mo hinh trai dit toan
cau[5].

Ngudn dit liéu dugc quy chiéu trong hé toa d6 WGS84, hé triéu thudc hé khong phu
thudc triéu (tide free), dir liéu trong luc thudc dit liéu trong lyc khong khi tw do (Free-air).

2.2. Phwong phap nghién ciru
Theo phwong phap LSC[7], gia st néu ta c6 n diém c6 gia tri di thuong trong luc
Ag,,AQ,, ..., Ad, , khi d6 dj thuong d¢ cao ctia diém P s& dugc ndi suy theo cong thire (1):

G =Kl (A0.5)X[K(A0.40) +C,y | xAg,, (1)

Do chinh xac dugc danh gia theo cong thirc (2):
-1
Gg = lel(é/P ! é/P) - KIT(n (Ag ! é/P) XI:K(Ag ' Ag) + CAg :|nxn X Kn>(n (Ag ! é/P) (2)

Trong d6: K(,,-) ham hi¢p phuong sai; C,, ma tran hi¢p phuong sai sai s6 do; Ag

gia tri di thuong trong luc.

Noi dung quan trong ctia phuong phap 1a xac dinh dugc ham hiép phuong sai K(.,-)
. Dya trén s6 lidu di thuong trong luc, tién hanh x4c dinh ham hiép phuong sai thuc nghiém,
sau d6 tir cac gia tri thuc nghiém nhan duoc s& dugc xap xi v6i ham 1y thuyét dé tim ra gia
tri xac suét nhat.
* Xdc dinh cac gia tri cua ham hiép phwong sai thuc nghiém

Theo[6], ham hi¢p phuong sai thuc nghiém gilra hai dai luong do y va y' dugc xac
dinh theo cong thuec:

1 Pnex Amax 1 2z
C(w) = I I > J. y.y daydpdld (3)

Pmin Amin 0
trong d6: khoang cach cdu y giita hai thanh phan y va y' duoc xé4c dinh:
w =Sing,.sing, +Cos@,.CoS @,.cos( A, — 4, ); A la dién tich vung tinh theo don vi cau; a
la gbc phuong vi.
Vi cac dai lugng do 14 cac diém roi rac trong khu vuc. Do vay, néu mbi dai luong i
dai dién cho mot khu vuc nho Ai va yj dai dién cho mot khu vuc Aj thi cong thire tich phan

(3) duoc chuyén thanh cong thirc tong:
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voi yij 1a khoang céch cau gitra hai dai luong i va j, thoa man di€u kién:

A A
t//—TW<l//i,~<l//+7W 5)

Trong tinh toan dé don gian, coi Ai, Aj duoc gia thiét bang nhau, khi d6 cong thirc

(5) dugc rut gon thanh:

N, '
WY,
= Ut

C_
k Nk

(6)

trong d6 Nk 13 tong s6 dai luong va tong Z y;y; thoa man diéu kién (5).
* Xdc dinh cdc tham s6 ciia ham hiép phicong sai 1y thuyét
Theo [3] ham hiép phuong sai 1y thuyét duoc lam khép voi cac gia tri hiép phuong

sai thyc nghiém theo cong thic:

N i R_éHZ Nyiax A(|—1) Ré i+2 )
?[%] F)‘(Cos%‘?)+i.NZ;1(i—z)(i+24)[rprQJ P(cosype)=cov(PQ)  (7)

Trong cong thtre (7), cov(P,Q)la cac gia tri cia ham hi¢p phuong sai thuc nghi¢ém
tuong ung gitra hai diém P va Q; P(cos Voo y1a ham da thic Legendre ¢ muec i; Yo la

khoang cach ciu giira hai diém P va Q; Nmax 12 mirc va hang t6i da ctia mé hinh trong
truong trai dat duoc sir dung; rp Va rq la ban kinh tir tam trai dat dén diém P va diém Q;
o . 1a sai s6 phuong sai mirc trong g ctia mo hinh trong truong.

Céc an can phai xac dinh trong cong thire (7) 1a: N 13 hé sé mac mo rong ciia mod
hinh trong truong trai dt duoc sir dung; A 1a tham s ty do c6 don vi (10pums2)?; Re béan
kinh cau Bjerhammar (diéu kién Rg < Rg). Vi cac phuong sai mirc sai s6 ctia mo hinh trong
truong trai dat phan 4nh trén toan ciu, trong cac tinh toan vi mot khu vuc hodc pham vi
cuc bd, can phai nhan cac phuong sai muc sai s6 v6i hé s6 ty 16 f. Hé s6 ty 18 nay phai duoc
xac dinh thong qua qué trinh tinh 1ap. Nhu vay, cic an s6 (tham s6 ctia ham hiép phuong
sai ly thuyét can tim) 13: N, A, f, Re-Re (thay cho Rg), trong d6 Re 12 ban kinh trung binh
clia trai dat.

MBbi gia tri hiép phuong sai thuc nghiém tinh dugc, ta lap dugec mot phuong trinh
dang (1). Nhu vay, ta s€ co6 h¢ k phuong trinh twong ung véi k gié tri thue nghiém. Chon
mot gia tri cua N, giai hé phuong trinh trén s€ tim dugc cac tham s6 con lai. Tham sé f

duogc xac dinh bang viéc giai lap hé phuong trinh voi s 1an nhat dinh (thuong chon s 1an
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lap = 10). Thay d6i N, qué trinh giai lai duoc lap lai. Khong phai N nao ciing tim dugc cac
tham s A, f, Re-Re. C6 nhiing gia tri ctia N 1am cho hé phuong trinh suy bién.

3. Két qua nghién ciu

Thuc hién chuong trinh xac dinh céc gia tri cia ham hiép phuong sai thuc nghiém
“EMPCOV” trén Python (Hinh 2.a) d6i véi cac diém di thuong trong luc con du, tong sb
diém tinh 13: 10872 diém; mét ludi trung binh 2.5 phut; viéc tinh toan duoc hiéu chinh tri
trung binh cong. Két qua tinh hiép phuong sai thuc nghiém dugc thé hién trong cot 2 cua
Bang 1.

Budc tiép theo sir dung chwong trinh “COVFIT” dé xac dinh cac tham s6 clia ham
hiép phuong sai 1y thuyét (Hinh 2.b) bang cach thir dan gia tri N tir 2 dén 2190. Véi mdi
két qua tim duoc can phai luu ra file riéng, day 1a budc tinh mat rat nhiéu thoi gian, dé
nham 14n do s6 luong tinh 1 nhiéu, nén can phai that can than khi thuc hién. Két qua thuc

hién d3 tim duoc 163 bd tham sb.

“7& COVFIT - Covariance fitting - a X

Name of file with empirical covariances: cov-Coufit/nmfa-eigen.covt Browse

4 EMPCOV - Emperical Covariance Estimation - o X

Input number of values in table: 25
Input data filename: peov-Covfit/nmfa-eigen.dat Browse

Input code for observations: 3 ?
Input position of data element: : 2 j

Input the mean aftitude (m}: 100.0 ?

Input sample intervalsize (arcmin]: 25

Input data variance at mean altitude: 250.47
Input data area specification 1520 0.05 104 109 0.05

10289541180 ?
10 ?
QUA TN LATS/eigen6cd.edg Browse

10

Input number of sampling intervals: 50

Model parameters

waria
j nput error degree
Input histogram bin size 5.0 .

Name of file to hold result: tablext Save as

Running options. Working in C:\pyGravsoft-207

Write settings Run program Help

Should mean value be subtracted: Yes No

Should data in subarea be used: Yes No

Input area boundaries:

Itteration paramters

Input three weights: 101010 7

Running options. Working in C:\pyGravsoft-297
Data send to covfitlga

e e
@) (b)

Hinh 2. Chuong trinh EMPCOV va COVFIT trong bé

Ung v6i mdi bo dit liéu tim dugc, thay vao cong thirc (1), ta s& xac dinh dugc cac gia
tri di thuong do cao tir tap cac diém di thuong trong lyc twong tng. Tuy nhién, véi mdi bo
s6 liéu khac nhau, khi tinh toan trén chuong trinh “GEOCOL” trong bd phan mém
GRAVSOFT s& cho két qua khac nhau. Tham chi d6i véi bd s6 liéu kém, duge phan dnh
qua sai s6 do léch trung phwong co gia tri 16n, chwong trinh tinh khong thuc hién dugc.
Dua trén cac diém song tring GNSS/TC duoc sir dung trong danh gia két qua tinh, ciing
kinh nghiém tinh toan, nhom tac gia nhan thiy ddi véi cac bo tham sd c6 sai sé do léch
trung phuong cang nho thi két qua tinh chénh léch nhau cang it. Nhu vy, sai s d6 léch
trung phuong chinh 13 co s& dé lwa chon duoc bo tham s6 tot nhat tir cac bo tham s6 clia
ham hiép phuong sai 1y thuyét tim duoc. Sai s6 d6 1éch trung phuong 13 ¢d s danh gia cac
két qua do dac trong linh vuc tric dia, d6i voi phuong phap LSC ciing chinh 13 danh gia do



1éch gitra hai md hinh: md hinh ham hiép phuong sai 1y thuyét xac dinh dugc va mé hinh
ham hiép phuong sai thuc nghiém, hai mé hinh cang khép nhau thi sai sé do 1éch trung
phuong cang nho.

Bdng 1. Két qua xdc dinh hiép phwong sai 1y thuyét

Hiép phuong sai
K/c ciu (mGal) ’
Thyc nghiém Ly thuyét Chénh léch

0.0000 250.4672 250.3633 0.1039
0.0417 164.1513 161.4147 2.7366
0.0833 140.1696 133.5859 6.5836
0.1250 126.7056 117.6541 9.0514
0.1667 98.3397 105.2837 -6.9440
0.2083 66.8128 92.9440 -26.1313
0.2500 44.3538 78.8906 -34.5368
0.2917 30.2622 62.7539 -32.4916
0.3333 19.0282 45.1166 -26.0884
0.3750 7.7506 26.9574 -19.2068
0.4167 -6.9063 9.4907 -16.3969
0.4583 -18.9581 -6.2815 -12.6766
0.5000 -29.8726 -19.8172 -10.0554
0.5417 -37.6278 -30.7799 -6.8479
0.5833 -39.0809 -39.0597 -0.0212

PO THI KHGP PHUGNG SAI LY THUYET - THU'C NGHIEM (N =1172)
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Hinh 3. DBg chénh léch giita ham hiép phwong sai 1y thuyét

va hiép phwong sai thyc nghiém
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Twr danh gia trén, nhom tac gia thyc hién loc thu cong trong 163 bd tim duoc dé xac
dinh duoc bo tham s6 t6i wu nhét dua trén tiéu chi sai s6 d6 1éch trung phuong (RMS) gitra
két qua 1y thuyét va thuc nghiém 1a nhoé nhat. Bo tham sé t6i wu nhat 1a: N = 1172; f =
28,04; A =0,18.10% Phuong sai = 289,18 mGal?; Rg-Re =-0,075 km; Sai sb trung phuong
RMS = 17,72 mGal®. Céc gia tri hiép phuong sai 1y thuyét trong tmg véi bd tham sb t6i
wu va gia tri ham hiép phuong sai thuc nghiém duoc thé hién trén cot (3) va (2), chénh léch
giira hai gia tri duoc thé hién trong cot (4) (Bang 1). D6 thi biéu dién d6 chénh léch giira
ham 1y thuyét va ham thyc nghiém thé hién trong Hinh 3.

4. Két luan

Xac dinh ham hiép phuong sai thuc nghiém va ham hiép phuong sai 1y thuyét 1a
nhiém vu quan trong trong phuong phap LSC khi tinh chuyén di thuong dd cao tur s6 lidu
di thuong trong luc. Noi dung bai bao di trinh bay chi tiét co so 1y thuyét xac dinh ham
hiép phuong sai thyc nghiém va 1y thuyét.

Duya trén co so 1y thuyét, nhom tac gia da st dung hai modul “EMPCOV” va
“COVFIT” trong g6i GRAVSOFT dé tim dugc bo tham s téi wu cia ham hiép phuong sai
ly thuyét (N=1172;f=28,04; A= 0,18.10°; Phuong sai =289,18 mGal?; Re-Re = -0,075
km) cho dir liéu thir nghiém thudc khu vic mién Trung Viét Nam.

Khi sir dung c&c mo hinh trong trudng trai dét c6 bac va hang dén 2190 thi viéc tinh
todn bang “EMPCOV” va “COVFIT” tuong d6i phirc tap, mat nhiéu thoi gian, doi hoi
nguoi ding phai c6 kién thirc chuyén sau va nhiéu kinh nghiém. Van dé nay can dugc
nghién ciru nham cai tién chuong trinh “COVFIT” dé viéc tim duoc bd tham s6 tdi uu tro
nén thuén loi dé dang hon.
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ABSTRACT

Determination of covariance functions in computing
height anomalies from gravity anomalies
Nguyen Thanh Le!, Nguyen Van Sang?, Le Thi Thanh Tam?
! Le Quy Don Technical University; 2 Hanoi University of Mining and Geology,
E-mail: nguyenthanhle@lqdtu.edu.vn

This paper presents a method to determine the values of the emprical covariance
function, and the parameters of the theoretical covariance function in computes the height
anomalies from the gravity anomalies data using the LSC method. The theoretical basis of
method had been studies in detail. On the theoretical basis, the authors have determined
the emprical covariance functions and the parameters of the theoretical covariance
functions for experimental data in the central region of Vietnam by the EMPCOV and
COVFIT programs in package GRAVSOFT. From the parameters found, have determined
the optimal parameters of the theoretical covariance function (N = 1172; f = 28,04; A =
0,18.10% Varg = 289,18 mGal?; Re-Re = -0,075 km; RMS = 17,72 mGal?).

Keywords: Gravity anomalies, Height anomalies, Least-squares collocation, Emprical
Covariance, Theoretical Covariance.
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