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Két qua xac dinh di thuong trong lwc bang sd liéu do cao vé
tinh Cryosat-2 trén vung bién Vinh Bac B0 - Viét Nam

Pham Vin Tuyén 1, Nguyén Van Sang 2*

1 Phong Qudn ly Diéu hanh Ky thudt M6, Cong ty C6 phdn xi mdng Téan Thdng, Viét Nam
2 Khoa Trdc dia - Bdn do va Qudn ly ddt dai, Truomg Dai hoc M6 - Dia chdt, Viét Nam

THONG TIN BAI BAO TOM TAT

Qud trinh: Muc dich ctia bai bdo la xdc dinh di thwona trona lwe bién bdna s6 lidu do

Nhan bai 23/11/2017 cao vé tinh Cryosat-2 trén viing bién Vinh Bdc Bé - Viét Nam. D€ dat dwoc
Chap nhan 11/3/2018 muc dich dé, bai bdo dd xdv duna quy trinh ciia phwona phdp xdc dinh di
béng online 27/4/2018 thwona trona lwc bién tir s6 liéu do cao vé tinh: S6 liéu dé cao mdt nwérc bién
Tir khéa: (SSH) nhéan dworc tir két aud do cao vé tinh, chiina ta cdn loai bé cdc thanh

phdn: 1. Budc séna dai dé cao aeoid (Nreu): 2. Pé cao dia hinh mdt bién truna
binh déna hoc (hunr): 3. Pé cao dia hinh mdt bién déna hoc bién do6i theo thoi
aian (h:). Sau khi loai bé dworc cdc thanh phdn néu trén ta thu dwoc cdc phdn
dw db cao aeoid (AN) va dwoc str duna dé xdc dinh cdc phan dw di thwoma
trona lwe (&a) bdna phwrona phdb least-sauares collocation. Cudi ctina. phdn
bwéc dai di thwona trona lwc (Aarew) dwoc phuc hdi bdna mé hinh thé trona
trudma toan cdu. Két qud thuc nahiém xdc dinh di thuwdmna trona lwc bdng s6
liéu vé tinh Crvosat-2 trén vina bién vinh Bdc bé- Viét Nam dworc biéu dién
& dana lwdi 6 vudna cé kich thwére 2’ x 2°. Di thwona trona lwee nay ciing dwoc
so sdnh véi 58989 diém do trong Iuc truec tiép bana tau. Két qud so sanh cho
thdy do6 chinh xdc cta di thwona trong lwec tinh tir s6 liéu do cao vé tinh ddnh
gid theo dé léch dat #3.57 mGal.

Do cao vé tinh
Di thwong trong lwc bién
Binh phwong t8i thiéu

© 2017 Trwong Dai hoc M6 - Bia chit. T4t ca cac quyén dwoc bao dam.

Xac dinh di thwong trong luc bién bang phuong
1. bat van dé phép do truc tiép sé cho két qua c6 do chinh xac
cao hon phwong phép gian tiép. Tuy nhién, néu st
dung phwong phap do truc tiép véi mat do day
trén pham vilén sé€ co chi phi cao va thoi gian thuec
hién sé kéo dai. Trong diéu kién d, viéc xac dinh
di thudng trong luc bién bang phwong phap gian
tiép sé 1a gidi phap kha thi va c6 tinh hiéu qua cao.
Trén thé gidi, c6 nhiéu tac gia da sk dung s6 liéu
do cao vé tinh dé xac dinh di thuwdong trong lwc bién
va xay dwng thanh cac mo hinh truwdng trong luc
T A T2 bién toan cau c6 do phin gidi cao (1'x1’) nhu:

Tdc gid lién h. DNSCO8GRAV (Andersen et al. 2010),

E-mail: nguyenvansang@humg.edu.vn

Di thwong trong luc 1a s6 liéu diéu tra co ban
quan trong ctia moi Qudc gia. Doi voi Trac dia, s6
liéu di thwong trong lwc dung dé nghién ctru hinh
dang, kich thwérc, thé trong trieong cla Trai Dit,
thiét 14p s8 liéu goc trac dia Qudc gia. DSi véi cac
vung bién, s6 liéu di thwong trong lwe c6 mai lién
hé mét thiét véi dia hinh day bién, vi viy no con
dwoc dung dé nghién ciu dia hinh day bién.
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DTU10GRAV (Andersen, 2010), DTU13GRAV
(Andersen etal,, 2013), DTU15GRAV (Andersen &
Knudsen, 2016). ¢ Viét Nam chwa c6 nhiéu cac
cong trinh st dung s6 liéu do cao vé tinh dé xac
dinh di thwong trong Iwc cho ving bién Viét Nam.
(Nguyén Vin Sang, 2012) da xac dinh di thudng
trong luc tir s6 liéu do cao vé tinh ENVISAT véi s6
liéu 10 chu ky, két hop véi so liéu trong luc do true
tiép cho Bién Déng dat dwoc do chinh xac khoang
+6mGal. D8i véi viing bién Vinh Bic Bo - Viét Nam,
thi di thwong trong luc bién dwoc nhém tac gia noi
suy tir cic mo hinh trwong trong luc toan ciu
DTU10GRAV, DTU13GRAV, DTU15GRAV va so
sanh v&i 58989 diém do trong lwc truc tiép thi do
léch chuin dat dwoc twong tng la: +5.78mGal;
+5.71mGal va £5.6mGal, v&i dd chinh xac nay thi
kha nang ng dung két qua xac dinh di thwong
trong luc tir cAic mé hinh trwong trong lwc bién
toan cau ddi véi vung bién vinh Bac bd néi riéng
va toan bd vung bién ctia Viét Nam ndi chung 1a
chwa cao. Vi vay, viéc nghién ciru co sé ly thuyét
xac dinh di thwong trong luc bang s6 liéu do cao
vé tinh cho cac vung thwc nghiém cda Viét Nam
dat do chinh xac cao hon 1a rat can thiét.

2.Phwong phap xac dinh di thwong trong luc
bién bang s6 liéu do cao vé tinh

2.1. Quy trinh ciia phwong phdp xdc dinh di
thwong trong lwc bién bang sé liéu do cao vé
tinh

Theo (Rosmorduc et al., 2016) thi tri do cao

veé tinh (h) la khodng cach dworc tinh tir trong tam
clia vé tinh dén bé mit bién (Hinh 1). Khoang cach
do dwoc tir vé tinh sé& dwoc hiéu chinh bang cac s6
hiéu chinh (e). Khi biét dwgc chiéu cao ctia quy dao
vé tinh (H) ta sé xac dinh dwgc do cao clia mat
nudc bién (Sea surface height - SSH) bang cong
thirc sau:

SSH=H+h—e (1)

Theo (Sanso & Sideris, 2013; Vermeer, 2018)
thi d0 cao cia mat nwéc bién & cong thirc (1) con
dwoc biéu dién bang cong thirc sau:

SSH = Nggy + AN + hypr + he  (2)

Trong dé: Negew - 1a budc song dai do cao
geoid; AN - phan dw do cao geoid; hupr - do cao dia
hinh mét bién trung binh dong hoc; h¢ - d6 cao dia
hinh mat bién déng hoc bién doi theo thoi gian.

Trén co s& cong thire (1) va (2) ta c6 thé rat
ra duoc quy trinh cia phwong phap xac dinh di
thwong trong luc bién bang sé liéu do cao vé tinh
nhw Hinh 2.

2.2. Phwong phdp loai bé bwéc séng dai dj
cao geoid (Ngeu) va phuc héi bwoc séng dai di
thwong trong lwc (Agecm)

Theo (NIMA, 2000) thi cong thirc téng quat
xac dinh bwérc song dai do cao geoid Neegu va bwéc
séng dai di thwomg trong luc Ageem bang cac hé s6
ham diéu hoa ciu cta cdc mo hinh thé trong
truedng toan cau:

Hinh 1. Nguyén ly co bdn trong do cao vé tinh (ngudn: Internet).
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S8 liéu do cao ( Céc s6 hidu

Pé cao mit nwée bién (SSH):

vé tinh I chinh SSH = Nggyy + AN+ hypr + h,
- ——— - - L __________
55H _NEG¢W=ﬂ'N+h;WDT+hE |r

3
St dung ki thuit “remove - :
restore” dé loai bo: Negw |

|

f
: Str dung mé hinh MDT todn |
|L cau d€ loai ba: hmor |

SSH — Nggpy — hpypr — hy = AN |

Phin dw dd cao geoid: |r

St dung phwong phdp "Binh
sai difm giao cat " d€ loai bo: h:

—_——————————e e

Phin dw di thwirng trong hrc:
89 = Ciysgate[Canan + Dl AN

f Y
| ] L] |
| Str dung phwrong phap "Least

| squares collocation” :
L\.. ____________________ -

- N f

Di thwérng trong hre I

4% = Aggey + 69 [T

|

-

St dung ki thuit “remove -
restore” d& phuc hii: Agees

Hinh 2. Sor @6 khéi ctia phwong phdp xdc dinh di thwong trong luc bién bdng sé liéu do cao vé tinh.

n
Neow = 22| Zazs (£) 3)
" —o(Com cos(mL) + Sy sin(mA)) Py (sing) |

Aggem = Gr_l:l [Zgrzngx (g)" -1 (@4

r

" —o(Cam cos(mL) + Sy sin(mMA)) Py (sing) |

Trong d6: GM - hang s6 trong trudng dia tAm;
r - ban kinh dia tAm cta diém xét; y - gia toc luc
trong truedmng chuin trén mat elipsoid; a - ban kinh
truc 16m cuda ellipsoid; ¢, A - toa do dia tdm cda
diém xét; Cp , Spm -hé s6 diéu hoa ciu chuin
héa diy du cdp n, bac m; B, (sing) - ham
Legendre két hop da chuin hda;

Cac cong thic tinh cac gia tri: r, @ 4,
P, m(sing), cos(ml), sin(mA) dwgc trinh bay chi
tiét trong (Nguyén Vin Sang & Pham Vian Tuyén,
2016; VanTuyen & Van Sang, 2016)

2.3. Phwong phdp loai bé dj cao dia hinh mat
bién trung binh déng hoc hupr

Theo (Andersen et al, 2013) thi d6 cao dia
hinh mét bién trung binh dong hoc (hupr) thé hién
& hinh 1 dugc xac dinh bang biéu thitc sau:

(5)

hupr = huss — Negm

Trong d6: huss - D6 cao mat bién trung binh;
Ngeu - PO cao geoid dugc xac dinh bang cong thirc

(3).

Hién nay, Trung tdm Vi tru quéc gia Pan
Mach (Danish National Space Center - DNSC)
thudc Trwong Pai hoc tong hop Ky thuit Pan
Mach (Technical University of Denmark - DTU) da
xdy dung dwoc cdc mo hinh dia hinh mét bién
trung binh dong hoc (Mean Dynamic Topography-
MDT) toan ciu nhw: DNSCO8MDT (Andersen &
Knudsen, 2009), DTU10MDT (Andersen &
Knudsen, 2010), DTU13MDT (Andersen et al,
2013), DTU15MDT (Knudsen et al,, 2016). Do do,
dé loai bé dwoc gia tri (hupr) ching ta cd thé sk
dung mot trong s6 cdc mo hinh MDT toan cau véi
do6 phan giai cao (1'x1") néu trén dé tinh gia tri hupr
trén co sé& st dung cac phwong phap noi suy nhu:
Kriging, Collocation, trong s6 nghich dao khodng
cach, Spline, bi-linear v.v...

2.4. Phwong phdp binh sai giao cat dé€ loai bé
thanh phdn dé cao dia hinh mdt bién déng hoc
bién doi theo tho'i gian h,

Theo (Sanso & Sideris, 2013; Vermeer, 2018)
thi do cao dia hinh mit bién dong hoc bién doi
theo thoi gian (hy) dwoc md hinh héa bang tham
s6 do 1éch va do nghiéng. Cac tham so6 d6 1éch va
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do nghiéng duwgc xac dinh bang cich gidi mot
trong cac hé phwong trinh tong quat twong trng
véi cac treong hop nhuw sau:

Déi véi khu viee c6 chigu dai vét do ngan
(<1000km):

vij=(a; — a;) — dHj; ©)
Vii = ax — SSHy;

Dai voi khu vire c6 chiéu dai vét do trung binh
(< 2000km):

{vij= (ai + bl/lj) - (a] + b]yl) - dHl]

, (7)
Vii = (ax+Dby. p,; — SSHy;)

Dadi véi khu vuce ¢ chiéu dai vét do 16m (>
2000km):
Vij= (ai + ci.sinuj + d;. cosuj) -
(aj + ¢j.sinp, + dj.cosp,) —dHy;  (8)
Vii = (ax + c.sinp, ; + dy.cosp,;) — SSHy;
Trong d6: dH;; - 1a sw khac nhau cta diém giao
cat; a; a;- 1a cac tham s6 dd 1éch; b, b, ¢, ¢; d;, d; - 1a
cac tham s6 d6 nghiéng; 1 1 - A0 kinh twong doi
so v&i dd kinh trung binh cia vét do i va j; s - dd
kinh twong déi cia diém "i" trén vét do "k”; Vii - s6

"

hiéu chinh dd cao ctia diém "i" trén vét do
"K";SSHy,; - d6 cao mit bién cta diém "i" trén vét
do; "k” sau khi di loai bé do cao geoid va dia hinh
mat bién trung binh dong hoc.

Cac tham s0 q, b, ¢, d dwoc giai theo nguyén ly
sO binh phwong nho nhat véi diéu kién:

Zvizj +wY V2 = min 9)
Trong d6: w 1a trong s6 twong quan

2.5. Tinh phdn dw di thwong trong lwc (6g)
bdng phwong phdp least-squares collocation

Theo (Sanso & Sideris, 2013; Vermeer, 2018).
Gid st c6 n gid tri phan dw do cao geoid
AN;,AN,,AN; , theo bai toan Least-squares
collocation, gia tri phan dw di thwong trong lwc tai
diém P (§gp) dwoc tinh bang cong thirc:

89p = Cinsgp[Canan + Dal™1.AN  (10)
Do chinh x4c twong Ung dwgc danh gia bang

cong thirc:

_ T
O?Sgp = Csgpsgp — Cansgp- [Canan +

Dal™. Canegp (11)

Theo (Tscherning & Rapp, 1974) thi ham hiép
phuong sai ctia phan dw d6 cao geoid Cyp N; gita
phan dw di thwong trong lwc va phan dw dé cao
geoid Cyy, s9, Phan du di thwong trongluc Cgg, 59,
dugc tinh bang phwong phap cia Rapp va
Tscherning béi cac biéu thirc twong rng sau:

N 1 RZ n+1
d,— (—) P,(cosy) +

Canan; =
AN[AN] a L n '\{ly] T'lT:’
d A 1 RZ n+1 (12)
B
Z Mm=—2Yn+b) vy \rr Py(cosy)
WG (Dt b) vy, (%)
a (n-1) R? n+1
Canioge = - h=2dn T (m) P,(cosy) +
A 1 R2 n+1 (13)
oy — L (=
Ln=n+1 (n—-2)(n+b) "1p (rirp) Py(cosy)
(n—l)z RZ n+1
Cﬁgiégj =aYN_,dy P <TT]) B,(cosy) +
A (m-1) [ RZ \"*! (14)
g B
Yn=N+1 D@D o, <rir,-> P, (cosy)

Trong do: Cg) - Ham hiép phwong sai; D4 - Ma
tran hiép phwong sai sai s6 do; AN - Phan dv do
cao geoid; P_n (cosy) - Pa thirc Lagrang bac n; -
Khodang cach ciu gitra diém i va j; ri va rj - Khoang
cach dén diém i vaj tinh tir gbc toa do; R - Ban kinh
trung binh cta Trai Dit; a - Tham s6 bd sung; d, -
Phuong sai clia cic hé s6 dén bac N; b - La hdng s6,
thuwdng dwoc chon 12 4; A - Hang s6 c6 don vi la
(m/s)% Rg-Ban kinh ctia hinh ciu c¢6 tAm trung véi
tAm vat chat trai dat. Cic tham sé a, d,, N, 4, va Rp
s& duwgc xac dinh bang cach lam khép ham
phuong sai ly thuyét véi cac gid tri phwong sai
thuc nghiém.

Theo (Nguyén Van Sang, 2012) thi cac gia tri
ctia ham hiép phwong sai thwc nghiém phan dw do
cao geoid dwoc tinh bang cong thirc:

dHyj = hi-ly

Cung thing (i)

Cung gidng (j)

Cac diém do
trén cung (i)
va cung (j)

Hinh 3. M6 phdéng chénh léch dé cao tai diém
giao cat.
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Caw(w,) = 7 Zn, [ANp. AN, ], (15)
Pva P’- tit ca cac diém c6 gia tri phan dw do
cao geoid véi khoang cach cau y thoa man diéu
Kién:
\vi—%wswswi—%w (16)
Trong do6: m; - s6 lwgng tich c¢6 dwoc; Ay -
khodng cach ciu gitra cac diém trong tip hop sd
liéu, i - Ay /2 = 0, néu Y, < Ay /2.

3. Két qua tinh toan thwc nghiém

3.1. Khu vwc nghién ciru va sé liéu thwc
nghiém

3.1.1. Khu vuc thuce nghiém

Khu vyc nghién ctru thuc nghiém cia cong
trinh nay 1 viing bién Vinh Bic B6 - Viét Nam nam
trong pham vi c6 toa do dia ly: 16930’'N < ¢ < 220
00’N va 105°30’E <A <1080 30’E. Vung bién vinh
Bac bo - Viét Nam 1a vinh nira kin dwoc bao boc &
phia Bic va phia Tay b&i bér bién datlién Viét Nam,
gi¢i han phia Nam béi doan thang néi lién tir diém
nho ra nhit cia mép ngoai cing ctia mii Oanh Ca
- dao Hai Nam ctia Trung Quéc c6 toa do dia ly: ¢
= 18030'19”N, A = 108°41’17”E qua dao Con Co
cta Viét Nam dén mot diém trén bo bién cta Viét
Nam c6 toa do dia ly: ¢ = 16057°40”N, A =
107°08'42"E, phia Pong dwoc xac dinh bang 21
diém ndi tuan tw v6i nhau bang cac doan thing
nhw Hinh 4.

3.1.2 S6'liéu do cao vé tinh Cryosat-2

Vé tinh Cryosat-2 1a vé tinh do cao dwoc xay
dung béi Co quan vii tru Chau Au (European
Space Agency- ESA) v&i muc tiéu chinh dé quan
sat swbién d6i bing tan & Bic cuc. Vé tinh Cryosat-
2 bat dau hoat dong tir 08/04/2010 vé&i dod
nghiéng quy dao 920 va c6 dd cao so véi mat nwéc
bién la 717 km. Chu ky 1dp lai quy dao quan sat cia
vé tinh Cryosat-2 1a 369 ngay (chu ky phu: 30
ngay), khoang cach gitra cac vét do la 7km
(Fernando Sanso and Michael G. Sideris, 2013).
Trong bai bao nay, nhém tac gia da st dung 52 chu
Ky s6 liéu (tir chu ky 5 dén chu ky 56 twong (rng tir
ngay 31/07/2010 dén ngay 20/05/2014) cua vé
tinh Cryosat-2. Tong diém d cao mat nwéc bién
do vé tinh Cryosat - 2 do dwgc trong pham vi ca
vung bién Vinh Bac bg Viét Nam 12 15705 diém, s6
lwong diém nay dd mat do dé xac dinh di thwong
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Hinh 4. Sw phédn bé cdc div liéu do cao vé tinh
Cryosat-2 (mdu xanh), di thwong trong luc
truec tiép (mdu dd) trén viing bién vinh Bdc bo -
Viét Nam.

trong lwc véi grid 2°x2” (Hinh 4). Cac thong ké vé
s6 liéu do cao vé tinh Cryosat-2 nhw sau: Gia tri d6
cao mat nwéc bién 1én nhatla-10.420 m, gia tri dé
cao mat nwéce bién nho nhatla -23.882 m.

3.1.3. S6'liéu do trong luc truc tiép

Tong s6 diém do trong luc truc tiép dwgc do
bang tau trong pham vi Vinh Bic bd - Viét Nam c6
toa do dia ly 17.99 < ¢ < 20.8°N; 105.80 < 4 <
107.8°E 1a 58989 diém di thwong trong lwc chan
khéng (cac diém mau do & Hinh 4). Cac diém nay
duoc do bang may trong lwc bién ZLS Dynamic
Meter D06 cia hing ZLS Corp My véi do chinh xac
ctia may theo ly lich 1a #+1mGal (Trinh Nguyén
Tinh va nnk, 2012). Cac thong ké vé sé liéu do
trong luc truc ti€p nhw sau: Gid tri di thwong trong
lwc1én nhatla +45.00 mgal; gia tri di thuwong trong
lwc nhé nhat la -44.41mgal

3.1.4. S6 liéu mé hinh EGM2008

Mo hinh thé trong trwdong Trai dit EGM2008
dwoc phat trién béi Co quan Thong tin - Pia khong
gian Quéc Gia My (NGA) véi cac hé s6 ham diéu
hoa ciu chuin héa cip n = 2190 va bic m = 2159
(Pavlis et al,, 2008)

Cac tham s6 hinh hoc va vat ly cia mo hinh
EGM2008: Ban kinh ban truc lén cuda ellipsoid: a =
63781363 m; DO det cua ellipsoid 1/f =
298.257686; Hang s8 trong truwdng trai dit: GM =
3.986004415E+14 m3/s2.

Cac hé s6 ham diéu hoa ciu ctia md hinh
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EGM2008 dwoc cung cdp bdi to chirc The
International Centre for Global Earth Models
(http://icgem.gfz-potsdam.de/ICGEM/).

3.1.5. S6'liéu mé hinh DTU15MDT

Mo6 hinh DTU15MDT la sy khac nhau vé mat
hinh hoc giita mé hinh mat bién trung binh
DTU15MSS va md hinh geoid EIGEN-6C4
(Knudsen et al., 2016). M6 hinh DTU15MSS dwoc
phat trién dya trén co s& cia m6 hinh DTU13MSS
va dwoc bé sung thém dir liéu ctia vé tinh Cryosat-
2. Mo hinh DTU13MSS (Andersen et al., 2013) c6
thoi gian quan tric s6 liéu 12 20 ndm (1993-2012).
Khi so sanh gitra s0 liéu cia 31 tram nghiém triéu
doc bor bién Viét Nam (Ha Minh Hoa, 2015) va s6
liéu ciia cac m6 hinh DNSCO8MDT, DTU10MDT,
DTU12MDT, DTU13MDT, DTU15MDT thi do 1éch
chuin dat duoc twong rng 1a: £0.208m; £0.172m;
+#0.914m; +£0.132 va +0.131m.

Nhuw vdy, m6 hinh DTU15MDT la mo6 hinh cé
murc d6 phu hgp nhit déi véi ving bién cda Viét
Nam va trong bai bao nay, nhém tac gia da st dung
mo hinh DTU15MDT (Knudsen et al,, 2016) c6 do
phén giai (1'x1") dwoc cung cap béi Trung tAm Vil
tru quoc gia Pan Mach thudc Trwong Pai hoc tong
hop K§ thudt Pan Mach dé noi suy cac gia tri hupr.
Cac thdng ké vé s6 liéu hypr trong khu virc nghién
ctu nhw sau: Gia tri hypr 16n nhatla +1.159m; gia
tri hypr nhé nhat1a +1.088m.

Bdng 1. Két qud tinh gid tri phwong sai thuc
nghiém va phwong sai ly thuyét.

Phwong sai, m2 Phwong sai, m?
Ne |y (°) Iy thre Ne | oy () ly thwre
thuyét | nghiém thuyét | nghiém
1 | 0.000 | 0.038 | 0.040 11 | 1.667 | -0.007 | -0.010
2 |0.167 | 0.036 | 0.034 12 | 1.833 | -0.007 | -0.012
3 |0.3330032 |0.030 13 | 2.000 | -0.006 | -0.012
4 | 0.500 | 0.025 | 0.024 14 | 2.167 | -0.005 | -0.012
5 | 0.667 | 0018 | 0.017 15 | 2.333 | -0.004 | -0.012
6 | 0833|0010 |0.011 16 | 2.500 | -0.003 | -0.012
7 | 1.000 | 0.003 | 0.005 17 | 2.667 | -0.002 | -0.010
8 | 1.167 | -0.002 | -0.001 18 | 2.833 | -0.001 | -0.007
9 |1.333/-0.006 [ -0.006 |19 | 3000/ 0.000 |-0.003
10 | 1.500 | -0.007 | -0.009

3.2. Két quad xdc dinh di thwong trong lwc
3.2.1. Két qud tinh di thwong trong lwce bang s6 lidu
do cao vé tinh Cryosat-2

DPé tinh dwgc cac gia tri phwong sai thuc
nghiém bang cdng thirc (15), cAc tham s ciia ham

phwong sai ly thuyét trong cong thirc (12), (13),
(14) va phan dv di thwong trong luc bang cong
thirc (10) chiing ta c6 thé sir dung bang cac modul
“EmpCov”, “Covfit”, “Geocol” trong géi phan mém
"GRAVSOFT” (Forsberg et al., 2008).

Tir 15705 gia tri phan dw d6 cao Geoid nhin
dwoc sau khi sir dung mé hinh thé trong truong

0.05
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0.02
0.01

Hiép phwong sai (m**2)

—Ly thuyét

—Thwc nghiém
Hinh 5. Do thi hiép phwong sai thwe nghiém ctia
phdn dw dj cao geoid va ham ly thuyét twong
tng ctia so liéu do cao vé tinh Cryosat-2.
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Hinh 6. Di thwong trong lwec tinh tie s6 liéu do
cao vé tinh Cryosat-2 trén viing bién vinh Bdc
bo- Viét Nam.
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Trai dadt EGM2008 d€ loai bé phan buéc séng dai
d6 cao geoid (Neeu), st dung mo6 hinh dia hinh mat
bién trung binh dong hoc toan ciu DTU15MDT dé
loai bé do cao dia hinh mit bién trung binh dong
hoc (hupr) va str dung phwong phap binh sai diém
giao cat theo biéu thirc (6) dé loai bo dd cao dia
hinh mat bién dong hoc bién d6i theo thoi gian
(he).

Nhém tac gia da tinh phwong sai thuc nghiém
va lam khép phwong sai thue nghiém véi phwong
sai ly thuyét dé€ xac dinh cic tham s6 ctia ham
phwong sai ly thuyét, dwoc thé hién trong Bang 1
va Hinh 5.

Két qua cac tham s6 cia ham phwong sai ly
thuyét nhan dwgc sau lam khép véi phwong sai
thwc nghiém la: N = 235; a = 5.0238; Rs-R = -
999.96m, A = 0.02491 (m/s)*, phwong sai cta di
thuong trong lucla 17.33 mgalz.

Trén co s& cac tham s6 cia ham phwong sai
ly thuyét da dwoc xac dinh, tién hanh xac dinh
phan dw di thwdong trong lwc bang cong thirc (10).
S dung mo6 hinh thé trong trwong Trai dat
EGM2008 dé phuc hoi phan buwéc song dai di
thwong trong luc bang cong thire (4). K&t qua xac
dinh di thwong trong lwc chan khong trén viung
bién vinh Bic bd- Viét Nam bang s6 liéu vé tinh do
cao Cryosat-2 dwoc biéu dién & dang luwéi 6 vudng
co kich thwére 2 x 2’ va thé hién nhw hinh 6 véi cac
s0 liéu thdng ké nhw sau: Gia tri di thwong trong
lwc 1é6n nhit 1a +15.062 mgal, gia tri di thuwong
trong lwc nho nhat 1a -61.129 mgal va gia tri di
thuwong trong luc trung binh la: -22.727 mgal

3.2.2. Két qud so sdnh di thwing trong luec tinh tie s6
liéu do cao vé tinh Cryosat - 2 véi s6 lidu di thudng
do truc tiép bdng tau.

Di thwong trong lwc chidn khong tinh tir s6
liéu do cao vé tinh Cryosat-2 dwoc so sanh véi
58989 diém di thwong trong lwc chan khéng dwoc
do tryc ti€p bang tau trong viing bién vinh Bic b
- Viét Nam. Két qua so sanh dugc théng ké tom tit
& bang 2. Bo 1éch gitra két qua di thwong trong lwc
tinh tlr s6 liéu do cao vé tinh Cryosat-2 véi so liéu
di thwong do truc tiép bang tau c6 do thi tuan theo
lut phan b6 chuin (Hinh 7), tuy nhién dinh cia
d6 thi 1éch vé phia phai 13mGal, diéu nay chirng td
trong do6 1éch con chira sai s6 hé thong. Do 1éch
chuén dworc danh gia theo cong thirc (19).

8hg = Bg;"? — Mgl (17)
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Hinh 7. Biéu dé phdn b6 do léch giira két qud di
thwong trong lwec tinh tir s6 lidu do cao vé tinh
Cryosat - 2 véi 58989 diém sé lidu di thwong
trong luc truc tiép trén khu vwc Vinh Bdc B -
Viét Nam.

Bdng 2. Tém tdt két qud so sdnh di thwdng trong
Iwc tinh tir s6 lidu do cao vé tinh Cryosat - 2 v&i
s6'liéu di thwong do truec tiép.

STT Cac chi tiéu so sanh Ag (mgal)
1 b6 1éch trung binh ézl; 12.99
2 Do léch tiéu chuin T, +3.57
1 n
th _ - i
Oag = HZ Sag (18)
i=1
" ,
Ooyy = (|5 2t By, —Bhg)?  (19)

Trong d6: Ag:™? - Di thwong do truc tiép
béng tau; Ag®t - Di thuwong trong luc tinh tir s6

liéu do cao vé tinh.

4. Kétluan

Phuong phap xac dinh di thuwong trong luc
bang s6 liéu do cao vé tinh ma bai bdo dwa ra la
chat ché vé ly thuyét va kha thi trong tinh toan
thuwc nghiém.

St dung s6 liéu do cao vé tinh Cryosat-2 dé
xac dinh di thwong trong lwc bién cho ving bién
vinh Bic bd - Viét Nam, do 1éch chuin dat duoc khi
so sanh v&i 58989 diém do trong luc truc tiép 1a:
+3.57 mgal. Tuy nhién trong do 1éch van con chira
sai s6 hé thong.

Dé ting kha ning tng dung vao thuc tién sé
liéu di thwomg trong luc dugc xac dinh bang s6
liéu do cao vé tinh, can tiép tuc nghién ciru tim ra
céc giai phap dé nang cao d6 chinh xac xac dinh di
thwong trong lwc bang s6 liéu do cao vé tinh, dic
biét cho khu vwec gan bo.
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ABSTRACT

The results of marine gravity anomalies are determined by using
Cryosat - 2 altimeter data for the Gulf of Tonkin in Vietnam

Tuyen Van Pham 1, Sang Van Nguyen 2

1 Operations Management of Mining Department, Tan Thang Cement Joint Stock Company, Vietnam
2 Faculty of Geomatics and Land Administration, Hanoi University of Mining and Geology, Vietnam.

The purpose of this paper is to determine the marine gravity anomalies acquired by Cryosat-2
satellite altimeter data for the Gulf of Tonkin in Vietnam. To achieve that purpose, a process of
determining marine gravity anomalies from satellite altimeter data has been set up. Sea surface height
obtained from satellite altimetry. We need to remove these components: 1. The long-wavelength Geoid
height; 2. The mean dynamic topography; 3. The time-varying sea surface topography. We have the
residual Geoid heights after removing the above mentioned ingredients. The residual gravity anomalies
are determined by the least-squares collocation method. Finally, the long-wavelength gravity anomalies
are restored by the Global Geopotential Models. The results of marine gravity anomalies in the Gulf of
Tonkin in Vietnam are represented in the form of the grid 2' x 2'. These marine gravity anomalies are also
compared to 58989 points of ship-measured. The results compare show that: The Standard deviation
between the Cryosat-2 satellite-derived gravity anomalies and ship-measured gravity anomalies are *
3.57 mGal.





