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Abstract
In recent years, the satellite altimeter technology allows enhancing the marine investigation in many areas.

Up to now, many scientific studies have attempted to improve the accuracy and resolution of altimeter-
derived gravity anomalies and have produced a gravity grid with interval of 1'x1” for most oceans all over
the world. However, these gravity anomalics are not very highly accurate and have a large difference
compared to shipboard gravity anomalies, especially in the coastal and islands areas. The purpose of this
article is to improve the accuracy of altimeter-derived marine gravity anomalies for geological structure
research in the East Vietnam Sea deep-basin and adjacent areas. The least squares collocation method is
used to correct the altimeter-derived marine gravity data based on the shipboard gravity data in order to
improve the accuracy of marine gravity anomalies. In this article, the altimeter-derived marine gravity
anomalies are taken from Sandwell, D. T., et al., (V24.1) and the shipboard gravity anomalies are from the
survey projects between Vietnam, Russia and other countries. The mean-squared error when comparing both
data is about 9,358 mGal. After correcting by collocation method, the error was reduced to 3,208 mGal (for
the altimeter data coinciding with shipboard track). Also, in this article, the achieved results show the
efficiency and actuality of the corrected-altimeter-derived marine gravity anomalies for more detailed
researches of geological structures. Especially, it is more meaningful in the remote or sparsely surveyed

regions.

Keywords: Altimeter-derived gravity, shipboard gravity, East Vietnam Sea deep-basin, least squares

collocation.
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Tém tit

Trong nhirng nim gin day, cong ngh¢ do cao vé tinh cho phép ning cao kha ning nghién ciru bién trén
nhiéu khu vuc. Bén nay, nhiéu cong trinh nghién ctru khoa hoc khdong ngirng cai thién mirc dd chinh xic
cling nhu 14 ting d§ phan giai cua di thudng trong luc vé tinh va da dua ra dugc mot mang ludi di thuong
trong luc vé tinh 1a 1° *17 cho cac dai duong trén thé gigi. Tuy nhién, di thudng trong luc vé tinh co d6 chinh
xéc chura cao so véi sd liéu do thanh tiu ln,n bién, dac biét la ¢ cac khu vuc ven bién. khu vuce céac dao, quan
dao hodc ¢ nhimg khu vuc ¢6 nhiéu ndi ngdm. Myc dich cta nghién ciru nay la n‘mo cao d¢ chinh xac cua di
thudng trong lyc tir do cao vé tinh (trong luc vé tinh) phuc vu cho nnvhu.n clru ciu tric dia chat khu vue
triing sau Bién Déng va lan can. O day, plurong phap bmh plnrcmg 161 thiéu collocation duge dp dung higu
chinh sb li¢u trong luc vé tinh dua theo so liéu do tnre tlep banU tau trén bién. Di thudmg trong Iyc v¢ tinh
dugc tham khao tir cic nghién ciru cua Sandwell, D. T., et al., (V24.1) va di thuong trong luc thanh tau tir
cdc khao sat gitra Viét Nam, Nga va cac nudc khac. Sai sd binh phuong trung binh khi so sanh 0 liéu trong
luc vé tinh vai lrona luc thanh tau 1a 9.358 mGal. Sau khi hiéu chinh b.mg phuong phap collocation thi sal
sO trén giam xuong chi con 3.208 mGal. Qua day, c¢o thé tlmy duge tinh hi¢u qua va thuc tién cua viéc s0
sanh, tich hop di thuong trong lyc vé tinh vai trong luc thanh tau trong vén dé nang cao d¢ chlnh xac va do
phan g1a1 di tlurcmg, trong lire bién. Nhiéu nét dac trung dia chat nhu hé thomc, dat gdy, mong cAu tric, phn

bd cac bé tram tich va méi quan h¢ gifra chung cé thé durge xac dinh qua cic phép minh giai di thuong trong
Iy vé tinh két hop véi cac tai licu dja chit-dja vit ly khac.

Tir khoa: Trong lyuc vé tinh, trong luc thanh tau, triing siu Bién DPong, phuong phap collocation.

GIOI THIEU CHUNG s liéu do cao vé tinh di va dang dugc Khal

Bién Dong Viét Nam, mac du da trai qua  thiac mdt cach hiéu qua lip day nhimg khodng
nhiéu ndm nghién ctru nhung van con rat nhiéu tréng $6 ligu ma khao sat bang tau chua thyc
noi chua dugce khao sit hodc mai chi duoce thuc hién duge. Co thé noi do cao vé tinh 12 huong
hién & mirc d rit so luoc. Mot diéu thudn loi duy nhit trong nghién ciru bién dat dugc n““““
dé khéc phuc nhitng han ché trén, do 1a ngudn b liéu c6 mirc do chinh xac, phan giai dong
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Nang cao d¢ chinh xdc nguon so li¢u trong liec

nhét, chip nhan duoc ca vé thi gian va gia ca.
Mic du mirc d9 chinh xac cta nd thip hon khi
do dac khao sat bdng tau trén bién nhung nd cé
loi thé 0 dién tich bao phu rong, d§ phin giai
dong nhit ma hién tai, & mot mirc do nao do,
duge cho la phi hop véi nghién ciru cdu tric
dia chat trén khu vue Bién Dong. Hon nita, no
con ¢d vai tro rét quan trong trong dinh hu0‘ng
ban diu cho cac khao sat thim do chi tiét tlcp
theo. Pdc biét ¢d y nghia hon nira dbi vai
nhimg khu vyc bién siu bién xa, khu vuc nhay
cam, nhimg khu vure ma mirc do khéo sit con
thua thot hodc chwa thé khao sat bing tau theo
cach truyén thonor

Vao nhimg nam cta thap ky 80, do cao vé
tinh da b’lt dau tré thanh mot hudng méi dugc
chay dén trong nghién ctru dia chat-dia vit 1y
bién. Tir do dén nay di c6 nhiéu cong trinh
nghién ctru tinh todn nang cao muc dé chinh

xéac, do phan giai cua di thuong trong luc vé
tinh. Tiéu biéu co thé ké dén Sandwell vi
Smith (1997, 1999, 2014) [1-3] da tap hop sb
liéu do cao v¢ tinh qua nhiéu nam va da tao ra
dugc mot mang ludi sé lidu trong luc 1'x1°
cho hau nhu toan b céc dai duong trén toan
thé gidi.

Nam 1997, Sandwell, D. T., va Walter H.
F. Smith da xac dinh dugc di thuong trong luc
bién trén cac dai duorng bing s6 liéu do cao cua
cac vé tinh ERS-1 va Geosat, Topex/Poseidon.
Di thudng trong luc d6 dugc so sanh véi di
thudong trong luc thanh tau va da dua ra dugc
mét mang ludi trong luc voi sai s tir 4 mGal
dén 7 mGal. Pic biét la trong truong hop 56
ligu v¢ tinh trung v&i tuyén do cua tau trén bién
thi sai s6 c6 thé & mirc 3 mGal [2].

Sandwell, D. T., va Walter H. F. Smith,
nam 2009, ciing da thyc hién so sdnh, hi¢u
chinh di thudng trong lyc vé tinh véi trong lyc
thanh tau va dua ra dugc mét mang ludi trong
luc & vinh Mexico vdi sai s6 tir 2 mGal den
4 mGal trén nhirng ving co day blen go ghe
Sai sé lén nhit 1én dén 20 mGal xuit hién &
dinh hoiic ¢ cac vach nui ngam [3].

Hu’mg, M. T., etal., (2006) da nghién cru,
str dung s6 liéu do cao tir v¢ tinh Geosat/GM dé
tinh toan di thuong trong luc trén khu vire bién
xung quanh Pai Loan. Két qua tinh todn cho
thay rang, ¢ khu vuc gan by, truong trong luc
vé tinh dat duoc c6 do chinh xéc khong cao.

biy la mét viin dé can phai duoc khiic phuc khi
str dung s6 liéu trong luc tai cic khu vire bién
ven bo [4].

Trong nam 2010, Ole Baltazar Andersen,
Per Knudsen, Philippa A. M. Berry da sir dung
dir licu do cao vé tinh Geosat, ERS, Envisat,
Jason, GFO va ICE xac dinh di thuong trong
luc va xay dung mé hinh truong trong luc bién
toan cdu DNSCO8GRA. Ku qua tinh toan dugc
so sanh vo1 321.400 dlCl'ﬂ do trong lyc thanh
tau trén khu vuc tay bic cua Dai Tay Duong
voi mire do sai sé dat dugce 1a 3,91 mGal. Cung
trong 2010, Ole Baltazar Andersen da ning cép
mé hinh truong trong luc DNSCO8GRAV
thanh m6 hinh DTUIOGRAYV bang bd sung
thém dir liéu mdi cua vé tinh ERS va
ENVISAT. Ket qua la, mo hinh DTUI0OGRAV
c6 mirc sai s dat toi 3,82 mGal [5].

Vao nam 2016, Zhang, S., Sandwell, D. T,
Taoyong Jin, Li Dawei ciing sir dung dir liéu tir
vé tinh Geosat, ERS-1, Envisat, Jason-I,
Cryosat-2 va SARAL/Altika tinh toan di
thuong trong e vé tinh trén khu vuc bién phia
dong Trung Qudc. Két qua tinh toan duge so
sanh vai s6 lidu trong luc thanh tau (dugc luu
trir tai Trung tdm dir liéu Dja vit Iy quoc gia-
Hoa Ky). Sai s6 binh phuong trung binh gitra
hai ngudn s6 liéu noi trén dugc mo ta chi tlct g
bién phia d6|1g nam Trung Qudc sai s 1a 5.986
mGal; ¢ ngoai khoi phia nam bo bién Dai Loan
sai s6 1 5.217 m@Gal; khu vyc tring Okinawa
va lan cén sai so la 5.647 mGal; trén cac Vung
xung quanh quin dao Philippine c¢6 sai sd 1a
8.279 mGal [6].

O Viét Nam, {mg dung dir liéu do cao vé
tinh trong nghién ciru bién cing da dugc thuc
hién trong nim gin day. Bui Cong Qué va nnk.,
(2008) sir dung di thuong trong luc vé tinh két
hop vai di thu'ornk, trong luc thanh tau (dwoc do
bang tau Gagarinsky va Atlante) da xay dung
dugc mot mang lugi di thudng trong lyc trén
khu vuc Bién Dong va lan cdn, voi sai sé binh
phuong trung binh dat mirc 8,5 mGal [7]

Nguyén Vin Siang (2012), co cong trinh
nghién ciru xac dinh di thudng trong luc bing
két hop s6 licu do cao 10 chu ky cua vé tinh
ENVISAT va s6 liéu trong luc thanh tau hién
c6 trén Bién Dong va dat duge muac sai 1¢éch
binh phwong trung binh gilra hai nguén sé liéu
la 6 mGal [8].
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Trdn Tuan Diing va nnk.
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Trong nghién ciru nay é&p dung phuong
phép binh phuong toi thicu collocation vai di
thuong trong luc vé tinh va di thuong trong luc
thanh tau nang cao muc do chinh xic va dong
bo phan giai nguon so liéu trong luc bién. Khu
vuc nghién ciru trong khoang tir 106-1 19°E va
7-18°N.

NGUON SO LIEU SU DUNG

Ngudn sd liéu trong luc vé tinh dugc hig¢u
chinh dya theo nguon so liéu trong luc thanh
tau, két qua 1a c6 dugc mdt tip sO liéu di

T e
thudng trong luc 6 do chinh xdc cao hon, 4
nhat hon, sau day goi la di thuong Iro[;o Cling
bién tich hop. Cac ngudn so li¢u & .thcfr-uc
trong luc (Free_Air) dugc st dung ¢o thém[:-
dén nhu sau: ¢
Dj thudng trong luc v€ tinh vai lug; arid
1’x1’ (V24.1), dugc dua ra boi Sandwe]] |y
T., et al., (duoc tich hop tir nam 1997 dén 20}
s6 litu dugc biéu dién trén h¢ quy Chiéﬁ
WGS84 theo toa do latitude-longtitude) i
(hinh 1).

. 106 108 110 112

114 118 119

18

17

15

13

11

-1175

441 484 517 542 563 583 602 619 634 650 668 683 703 725 750 784 843 974 2015

J ‘t:"‘ :‘j
| 1 8lateg g 2, il i
| : g : 3 P ¢
: Y &
‘ }r“fn 4 \ s 5 "
| 112 114 116 118 119
|

it L ikl i |

[

I

mGal

Hinh 1. Di thuong trong luc vé tinh (Free-Air) [1]

‘ Di thuong trong luc thanh tau dugce do boi
tau RV Professor Gagarinskiy va RV Professor
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Nang cao do chinh xac nguon so liéu trong lrc

1990, 1992, 2007 va 2008 va mot s6 luong Ion
tai liéu trong lue duge lwu triy tai Cuc tric dia
- 2 idan A .x : : £
Phap (s liéu duge bidu didn trén hé quy chiéu

WGS84 theo toa do latitude-longtitude) [9-11]
(hinh 2).
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Hinh 2. Céc tuyén, diém do trong luc bang tau trén bién [9-11]
PHUONG PHAP AP DUNG trén khu vuc triing siu Bién Dong va lan can.

Tur sb liéu do cao vé tinh, cac nha khoa
hoc di tinh toan xac dinh duoc di thuong
trong lyc trén pham vi toan cau, trong dé‘ co
vung bién Viét Nam [1]. Tuy nhién, di tllu‘orng
trong luc nay co do chinh xac chua cao va co
chénh léch so vai di thuong trong Irc do truc
tiép bang tau trén bién. O day, muc dich’chir}h
ctia phuong phép la ning cao do chinh xic clia
di thuong trong luc xac dinh tir do cao ve tinh

Phuong phap binh phuong tbi thiéu
collocation (least squares collocation) duoc sir
dung dé hiéu chinh sd liéu trong lue vE¢ tinh
theo s& liéu do trong luc truc tiép bang tau
trén bién. Phuong phap c6 thé duge mo ta mot
cich téng quat nhur sau:

Gia str trén khu vue nghién ciru ¢6 & gia tri
di thudng trong luc xac dinh tir s lidu do cao

vé tinh Ag",Ags",...Ag™ va m gid tri di
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Trdn Tuan Diing vd nnk. //”’Erong e Cm
thuong trong lyc thanh tdu do true tip C?uocatl?irrll’hdliéng cong thirc f5, 8]: Py
Ag® ig""’ Ag;"'. Khi dé, theo phuong phap ky dugc

1 ? 2 3ecey m

-1
2 . K Agm'l ’Agdo ) Agah
. {K(Ag“" Ag, )T .{K (ag™.08" )+ C g ( e "

do A do +Cdo Agdo
= K(Agdo,Agp) KT(Agau,Agda) K(Ag A8 ) =

. o2 di ca sai sb do.
Trong dé: K(-;’)- Ham hi¢p phuong sai cua di cuasaiso

thudmg trong luc; Cas- Ma trén hiép phuong sai
all
KT (Ag“",AgP)-——[K(Ag,"",AgP) K(Ag;",Ag,,) . K(AgkrsAgp):l
)]

k7 (s ey [ K{agt ey K(oat0r) - K(oei e

(ag ) K(agaer) - K(as st
a a all alt . K A alt,A it
K(Agau,Agau)= K(AgzhsAglh) K(Agz_i’Agz ) ( gz f! )
L1r<(Ag,':",Ag;”') K(Ag;",Agg") K(Ag;",Ag;")_
K (g, Ag%) K(agl.0gy) - K (g .0g)
o o do do
K(ag® A" )= K(agr agi) K(bghbey’) - K (Agz-:Agm)
| K(8g2.0g%) K(gk,Agy) . K(Agi.Agy) |
k(g Ag) K(Agi.ag®) ... K(Agi",0g%)]
K(Ag"",Agd")= K(Ag;",Ag;"") K(Ag;",Ag;"’) K(Agz""',Agio)
K (A, ag’) K(Agy",Ag) ... K(Agi.Ag®))
FC"‘fﬂ"fh Cogrgy o CAT"A?"— _CAT"’A?’ Copazr CAfﬂAf—
CA,A,, _ CA?'A;m CA;"A;“ CA‘;-"A:P- ;CA‘,G e C aodo CA;,,A?, Cﬁg,ﬂd,,
A
"CA:HA:H CAz"Ag" CA:"A:“ : _CA‘l"Af" CAf."Aé‘“ CAioA:'.’ E

-
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A [ Agy

48

Scanned with CamScanner



AT

e o

Nang cao do chinh xac nguén sé liéu trong lirc

Cac ham hi¢p phuong sai cia di thuong
trong luc dugc tinh theo phwong phap cua

7_ R- 1+1
{ J P (cosy )+
-

J'

¢)=a3a,!

=2

K(Ag,.A

it

Trong do: P;(cosy/) Da thirc Lagrange bac /; -
Khoang céach gitra dlem i v j trong toa do cau
r,, - Khoang cach dén diém i va Jj tinh tir gbe
toa d9; R- Ban kinh trung binh cta Trai dat; a-
Tham sb hiéu chinh; d;- Phuornﬂ sai cua cac hé
s6 dén bac N; b- Hang s0, thuong dugc chon la
4; A- Hang s6 ¢6 don vi 1a (m/s)*; Ry- Ban kinh
cua hinh cau Bjerhammar; Céc tham sba, d, N,
A, va Ry s€ duoc xac dinh b?;mg cach lam khop
him phuong sai ly thuyét véi cc gid tri
phuong sai thuc nghiém, ching duoc xac dinh
bang phan mém GRAVSOFT [13].

KET QUA NGHIEN CUU
Di thuong trong luc trude va sau khi hiéu
chinh dugc so sanh vo&i nhau. D6 1éch gitra
chang sau khi hiéu chinh dugc blcu dién trén
hinh 3-5. Két qua so sinh c6 thé tom lugc
nhu sau:
Do léch 1on nhat Omax =
Do 1éch nho nhét O min =

11,70 mGal;
—4,10 mQGal;

106 IDT IDB 109 110 111 HZ 113 114 115 1!6 117 118 119

Tscherning, C. C., va Rapp, R. H., (1974), theo
cong thirc nhu sau [12]:

(!']).( R;J P(cosy) (2)

y
,;1 (1=2)(1+b) r.r, 11,

D06 léch trung binh:

Zag, 0,031 mGal

i=l

68 =

D6 1éch binh phuong trung binh:

1
Gl = iz};(ag, ~8g,,)" =3.208 mGal
Trong do: Sg,=Ag’ —Ag; Ag/- Di thuong

trong lyc true khi hiu chinh; Ag; - Di thuong
trong luc sau khi hi¢u chinh.

Trén hinh 3—4 12 minh hoa vé hiéu chinh di
thuong trong luc vé tinh dua trén di thuong
trong lyc thanh tau. Tuy nhién, & day, trong
khuén khé ciia bai bao, chi biéu dién mot so
tuyén mang tinh minh hoa so sanh, co thé xem

cac hinh sau:

R L e e ———y

108 107 105 109 110 1H 112 113 114 115 116 117 115 1|9
1 |

|
‘1?‘1

N N P

L]

:K . u-!‘n}l- >~L .

i
106 107 105/!&9 1ID 1II 1(2 113 114 115 116 17 118 119

Profile_1

(ORI Mo 12
g

e-= Trong tuc thinh thu —— Trong ke hbu chinh

|
t 13
71 | ‘
: =t =12 |
| ¥ | | |
Doplo bt 1t |
sal | |
1 ----/f" 0 |
: !éé# |
== L I
| | |
5 | !
gt -8
::J | Mabysa i
| ﬂ’i 7

t
i
106 107 108 109 110 |1| 112 ||3 H-i HE 18 117 118 19

—=— Trong kee vé toh == Trong hre thanh tau

Trong hoc hadu chinh

Hinh 3. Céc tuyén mmh hoa vé higu chinh di thudng trong luce vé tinh
dua trén di thuong trong lyc thanh tau (tuyén 1, tuyén 5)
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Tran Tuan Diing va nnk.
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12 et L e
= |
' 1) L .| e | | T
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0 Ev = i '!MJ l |
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Q-+ - |
d 4 4 FoE | ]
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== Trong uc v tinh ===~ Trong kic thanh thy —— Trong hre du chinh —— Trong lyc v tinh === Trong ki thanh tau ‘-—Twwhiuu-'i—__

Hinh 4. Cac tuyén minh hoa vé hiéu chinh di thué;ng trc_mg;h_rc vé tinh
dua trén di thudng trong lyc thanh tau (tuyen 2, tuyén 8)
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Hinh 5. Sai lich giita di thuomg trong lyc truge

va : ;
binh phuong t4i thiéy ¢ sau khi &p dung phwong phap

ollocation
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Ndng cao d¢ chinh xdc nguon so ligu trong liec

Sai s6 binh phuong trung binh giira dj
thuong trong luc vé tinh sau khi hiéu chinh va
di thuong trong luc thanh tau duge nang cao tir
9.358 mGal dén 3.208 mGal. Sai léch giira di
thuong trong luc trude va sau khi & duné
phuong phap hi¢u chinh binh phuong téi thiéu
collocation 1a tir 4,1 mGal dén +11,7 mGal va
dugc biéu dién trén hinh 5.

Véi phuong phap collocation, di thuong
trong luc v€ tinh dugce hiéu chinh ning cao ca

vé do chinh xéc ciing nhur Ia do phan gidi. Két
qua dat duge 1a mdt mang ludi s6 ligu trong luc
véi khoang cich 1'x1” trén khu vue tring sdu
Bién Pong va lan cn (hinh 6). Di thuong trong
luc sau khi hiéu chinh bang phuong phap
collocation c¢6 khoang gia tri bién doi trong
khoang tir —113,4 mGal dén 189,8 mGal; So
sanh vdi ngudn sd liéu ban dau co dat bi¢n doi
la tir —117,5 mGal dé 201,5 mGal tuong ng.
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Hinh 6. Di thuong trong luc vé tinh (Free_Air) da dugc hi¢u chinh

T két qua so sanh, hicu chinh, co thé thay
ring, sau khi hi¢u chinh gia tri di thuong ’tr(_).lgg Ire
thay d6i dang ké & tai va xung quanh vi trl 'Chc.m.(zlo
bing tau trén bién, cang cach xa hon thi gid trj hiéu

chinh dj thuéng trong Iyc cang thay ddi it hom.
Diéu do noi Ién rang, trong bai toan hi¢u chinh di
thuong trong luc, mirc d¢ chinh xdc cing dugc
ning cao khi mat d diém do trye tiép bing tau
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Tran Tuan Diing va nnk.

trén bién cing lén va duge phin bb dong deu trén
khu vire nghién ciru (hinh 3-4).

KET KUAN ‘

Phuong phap so sanh, hi¢u chinh di thuong
trong luc v¢ tinh dya vao dj thuong trong lue
thanh tau la cach tot nhat ¢é hoan thién, ning
cao dd chinh xac va d§ phin giai cua di thuong
trong luc bién. Ngudn s liéu trong luc thu
duge gop phin mot cich hicu qua vdo cong tac
nghién ctru ciu truc dia chit bién.

Trong nghién clru nay, sau khi hi¢u chinh,
sai 0 binh phuong trung binh giira di thuong
trong luc v¢ tinh va di thuong trong luc thanh
tau dugce cai thién tr 9.358 mGal dén 3.208
m@Gal (cho toan bd khu vure nghién ciru).

Loi cam on: Nghién ctru nay dugc hoin thanh
nho su hd trg cic diéu kién can thiét cua
chuong trinh NCVCC24.02/19-19, cua dé tai
VT-UD.03/17-20, dé tii VAST06.01/18-19 va
dé tai DLTE00.09/18-19.
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