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Tém tat:

D6 cao mét dia hinh bién déng luc trung binh (MDT: Mean Dynamic Topography) la
khodng céch tr mét Geoid dén mét bién trung binh. Bang sé liéu do cao vé tinh cé thé xac
dinh dwoc MDT tai cac diém do cao vé tinh. Dé thuén loi cho viéc st dung thi ttr sé liéu
nay can phai xay dung mé hinh dang lwéi 6 vubéng mét dia hinh bién déng luc trung binh.
Céng viéc nay duoc thue hién bang phuong phéap ndi suy dw doén tuyén tinh toi wu. Ter d6
da xay dung duwoc chuong trinh ndi suy MDT c6 tén la “MDT INTERPOLATION’. Két qua
thurec nghiém da xay dwng dwoc mé hinh mat dia hinh bién déng lurc trung binh trén Bién
Péng ttr sé liéu do cao vé tinh ENVISAT & chu ky thir 81. Két quéa khado sét cho thay khi
néi suy MDT chi cén st dung cac diém trong vong tron ban kinh 1° xung quanh diém xét
ma khéng cén st dung tat ca céac diém trén khu virc xét.

1. Pt van de

Tw khi c6 cong nghé do cao vé tinh, bang
cac két qua quan sat, cac nha khoa hoc thé
gi¢i da nhan thay rang mat bién trung binh
khong trung véi Geoid ma chénh léch voi
Geoid hang mét [3]. Chinh sy khac nhau
nay la nguyén nhan gay nén cac dong hai
lwu. Tt d6, cac nha khoa hoc tap trung
nghién ctru xay dwng mo hinh mat dia hinh
bién dong lwc trung binh ky hiéu la MDT
(Mean Dynamic Topography). D& c6 mét sb
md hinh MDT dwoc cong bd trén thé gidi
nhw: DNSCO8MDT do Trung tdm khéng
gian quéc gia Pan Mach xay dwng ndm
2008; DTU10MDT, DTU12MDT do Trwong
Dai hoc ky thuat Ban Mach xay dwng nam
2010 va nam 2012. CMDT RIO05, CNES-
CLS09, CNES-CLS11 va CNES-CLS13 do
Co quan nghién ctru vi tru Phap xay dwng
vao nhirng nam 2005, 2009, 2011 va 2013
[2]. O Viét Nam cho dén nay, chuwa cé cong
trinh nao nghién ctru xady dwng moé hinh
MDT cho Bién Déng. Gan day, c6 moét sb
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cong trinh khai thac st dung cac mé hinh
MDT do thé gi¢i xay dwng trén Bién Dong,
tuy nhién cac két qua khao sat cho thay cac
mé6 hinh MDT cla thé gii khéng phu hop
I&m v&i Bién Bong [2]. Tw nhikng ly do trén,
thdy rang viéc nghién clu xay dwng md
hinh MDT cho Bién Déng la can thiét. Trong
cac nghién ctru [7], [8], d& dwa ra phwong
phap xac dinh d6 cao méat dia hinh bién
dong lwe trung binh tir sé liéu do cao vé tinh
trén Bién Dong. Trong bai bao nay sé trinh
bay phuwong phap va két qua xay dwng mé
hinh MDT trén Bién Dong dwa vao dd cao
mat dia hinh bién déng lwc trung binh cua
cac diém do cao vé tinh bang phwong phap
ndi suy dw doan tuyén tinh téi wu.

2. Co s@ cua phwong phap dw doan
tuyén tinh t6i wu

Gia st tai khu vuc xét c6 n diém co gia
tri & cao mat dia hinh bién déng lwc trung
binh la hyprvoitoaddla (B; L), i=1,2, ...,
n goi la véc to dd cao. Khi dé dé cao mat dia
hinh bién déng lwc trung binh cia diém P
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trong khu viee xét dwge xac dinh theo cong
thirc:

hm)ar',. :Za,r: -hm);r', =dp.y 1
(1)

trong doé:

ap la véc to hé sb ap = (apy, apy,....ap,)

la nghiém clia hé phwong trinh dai sb tuyén
tinh

Ky =Ky (2)
K va Kp — ma tran hé sb twong quan:
ky Ky -k, kij = Ky(i.J)
K= kZI kzz kz» iy =1,2,..n;
Jk:ul knz nn iy pn (3)
ks
kP
Kp=[ "} kp=K,(Pi); i=12,.,n (4)
ky,

Ky(i,j) n Ky(P,i) — cac hiép phuong sai d6
cao.

Hé phwong trinh dai s tuyén tinh (1) 1a
moét dang cla hé phwong trinh Wiener —
Hopf. C6 thé chirng minh rang ma tran K
trong (1) ludn luon chuan (doi xrng va xac
dinh dwong), va nhw vay (1) ludn ton tai
nghiém [8]. Gidi hé phuwong trinh nay ta
dwoc

T -1
a.,, =K K‘,,. (5)
Khi do 'i;w)'-'}» dwoc tinh theo céng thirc:
hon, =KLK 9. (6)
Hay c6 thé viét dwdi dang:
My, =Kpb' =bK,,
trong dé

(7)

Ky =b (8)

R& rang rang b’ la véc to cdt n chiéu
chtra |0i gidi cla hé phwong trinh
Kb =y 9)

khong phu thuéc vao diém\cu thé P va tong
quét cho tat ca cac diém can ndi suy.

Trén thuc té, gia tri dau vao 1a d6 cao mat
dia hinh bién déng lwc trung binh thwdng
khong dam bao didu kien A, =, =0
do dd, sb liéu dau vao can phai trt:ldi gia tri
trung binh trwéc khi dwa vao tinh toan néi

suy.

Vi vay, ndi suy dd cao mat dia hinh bién
doéng lwc trung binh thwyc hién theo cac
buwd&c sau:

1. Loai bo gid tri trung binh Ay, s0
liéu dc}‘cao mat dia hinh bién déng Iwc trung
binh dau vao.

2. Thanh 1ap ma tran chuan K theo sb
lieu dau vao va ham twong quan clia né

Ky(®).

3. Giai hé n phuong trinh chuan (9), vé
phai ctia né la nhirng gia tri dau vao y, két
qua nhan dwoc véc to b.

4. Tinh hy,, déi voi bét ky diém P nao
duoc tinh theo cong thirc (7), & day cac
thanh phan cua véc to cdt K, bao gom cac
gia tri twong quan ham Ky(f,-P), trong do ¢;p
la khoang céach tir diém P dén diém i. Do do,
Kp chi phu thudc vao khoang céach lién hé
gitra cac diém c6 s6 lieu va diém noi suy.

5. Khoi phuc lai gia tri trung binh A,
cho cac diém ndi suy.

Khi néi suy bang phwong phap nay, ta
phai giai hé phwong trinh chuén cé s6 4n sb
bang s6 diém sb liéu dau vao. Khi sb ligu
cac diém dau vao lon, sé& gap khé khan
trong van dé tinh toan. Mé&t khac, gia tri noi
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suy cla diém P sé phu thudc nhiéu vao cac
diém co sb lieu (diém nut) & gan, cac diém
nat cang xa diém noi suy thi anh hwéng
cang it. Vi vay, trong nhiéu trwéng hop, dé
ndi suy dé cao mét dia hinh bién dong luc
trung binh ctia diém P khoéng can thiét phai
st dung hét n diém trong khu vuc xét, ma
chi can st dung m diém (m < n) nam trong
ban kinh R nao dé xung quanh diém P. Nhuw
vay sb lwong an trong phwong trinh chuén
giam di, nhwng tai mdi diém noi suy ta phai
giai mot phwong trinh chuén.

So sanh coéng thic ndi suy dy doan
tuyén tinh t6i wu véi cong thirc ndi suy bang
phwong phap Collocation ta thdy cac cong
thirc c6 dang gidng nhau. Diéu nay da duoc
ly gidi trong [7]: m&c du v&i hai cach tiép can
khac nhau, dw doan tuyén tinh téi wu dua
trén co s& ly thuyét phwong sai ham ngéu
nhién; Collocation dwa trén co s& phan tich
phiém ham, nhung trong két qua cubi cling
thi ca hai phwong phap déu di dén mot két
qua. Tuy nhién phuong phap Collocation
tdng quat hon, cho phép ndi suy véi cac loai
khac nhau. C6 thé néi phwong phap dw
doan tuyén tinh tdi wu la trwdng hop riéng
cta phwong phap Collocation.

3. Xac dinh ham twong quan thwc
nghiém cua dd cao mat dia hinh bién
dong lwc trung binh

Dé xac cac hé sé twong quan k trong ma
tran twong quan K va Kp thi can phai xac
dinh dwoc twong quan thuwc nghiém. Déi voi
dd cao mat dia hinh bién déng luc trung
binh, gia tri twong quan thyc nghiém duoc
tinh theo cong thirc [8]:

g 1 “l]
K©0)=—Y, B

"() i=1
1 |
1 m=l
1 &
2 m=|

1 oy (10)
K(kAl)=— Z hMD]’; 'hMI)T}

nk m=1

1 g
K(p.Al)= _z hMm;. °hw)r}

np m=1

véi didu kien
kAI—A?qu,.f ESk.Al-l-%l, (1)

& day £;— khoang cach gitra hai diém i va j;
A? — khoang cach gan nhéat gitra cac diém.
Trong trwdng hop nay chinh la khoang cach
gan nhét gitra cac diém do cao vé tinh, dbi
v&i s6 lieu vé tinh ENVISAT nén lay A? = 4’;
p — la mét s tw nhién dwong phu thudc vao
dod rong cta khu vuwc nghién ciru, dbéi voi
Bién Pong p = 30; n, (k=1, 2, ...p) — sb
lwong cdp diém i va j thda man diéu kién
(11); ng chinh 1a sb diém c6 d6 cao mat dia
hinh bién déng lwc trung binh trong khu vire
xét.

Diéu kién (11) dwoc biéu dién trén Hinh
1. Tl day ta thdy, gia tri twong quan thuc
nghiém tinh theo céng thirc (10) chi sty dung
nhirng diém j nam trén phan gach chéo.
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p. Al
Al

Hinh 1: So dé tinh ham tuong quan thuc
nghiém
DPéi v&i s6 lieu dd cao mat dia hinh bién
déng lwe trung binh hyp7 trén khu vuc Bién
Poéng, dd thi két qua tinh twong quan thuc
nghiém hay con goi la hiép phwong sai thuc

nghiém tai chu ky 81 cua vé tinh ENVISAT
dwoc thé hién trén Hinh 2.

4. Xap xi cac gia tri cia ham twong
quan thwc nghiém véi ham ly thuyeét

V&i dd thi cia hiép phwong sai thuc
nghiém nhu trén thi ham hiép phuwong sai ly
thuyét nén chon la ham béac hai cé dang:

K()=0I+al+p (12)
trong do:

¢ — khoang céch gitra cac diém; 6, a, § -
cac tham so sé dwoc xac dinh bang phwong
phap so binh phwong nhé nhat.

Két qua xap xi ham hiép phwong sai ly
thuyét voi gia tri hiép phuwong sai thuwc
nghiém tai chu ky 81 sO liéu vé tinh
ENVISAT thé hién trén Hinh 3:

Hiép phuong sal (m2)
[=]
[=]
(]

V] 02 04 06 08

Khoang cach (d8)

1 12 14 16 1.8 2

Hinh 2: Hiép phuwong sai thuc nghiém cta dé cao mét dia hinh bién dong luc trung binh
tai chu ky 81 cua vé tinh ENVISAT

o \
0.03

——Thirc nghiém

\

— Ly thuyét

Hiép phuong sal (m2)

T T
0 0.5 1

Khoang cach (dd)

Hinh 3: Két qud xap xi ham hiép phuong sai ly thuyét véi gia tri hiép phuong sai thuc
nghiém chu ky 81 (6 = 0.008398; a = -0.031835; 8 = 0.046583)
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5. Mot s6 két qua thwe nghiém

Trén co s& ly thuyét trinh bay & trén,
chung téi tién hanh xay dwng chwong trinh
néi suy MDT c6 tén la “MDT INTERPOLA-
TION’. Chwong trinh c6 giao dién nhw Hinh
4. Chuwong trinh ¢ 3 modul chinh: Empcov
dé tinh gia tri hiép phwong sai thwec nghiém:;
Covfit d& 1am khép ham hiép phwong sai ly
thuyét voi cac gia tri hiép phwong sai thuc
nghiém; Interpolation d& noéi suy MDT cho
cac diém mét luvdi 6 vudng hodc cho cac
diém bét ky trong khu vwc Bién Déng.

=. MDT INTERPOLATION

EMPCOV
COVAT |
INTERPOLATION
\ ‘v ol -
EXIT N &

-.‘(J".:.S,'i‘_::"“"" ke sy Tt b

e o el 5 0 N g v 'MIE"—|

dimos AR |

Hinh 4: Giao dién chuwong trinh ndi suy
MDT

S dung chwong trinh “MDT INTERPO-
LATION” tinh toan thwc nghiém xay dwng
mo hinh MDT cho vung Bién Déng (vi d6: tir
08° dén 22°, kinh d6: tlr 105° dén 114°) voi
lwdi 6 vudbng 10°'x10° tw s lieu MDT cla
4109 diém do cao vé tinh ENVISAT chu ky
81. Két quad dwoc Ilwu trong file
GRID_MDT_c81_10min.txt.

Pé danh gia dd chinh xac ndi suy, tw
4109 diém c6 gia tri MDT (cac diém do cao
vé tinh), lwa chon ra 410 diém phan bé déu
trén khu vuc lam diém kiém tra. S dung
3699 diém con lai dé& noi suy MDT cho 410
diém. Két qua noi suy dwoc so sanh véi gia
tri MDT da c6 cho thay sai s6 trung phuong
do6 léch dat 1a £3,3 cm.

Dé khao sat xem ban kinh ndi suy can
thiét 1a bao nhiéu, chung téi cho thay dbi
ban kinh khu vwc néi suy theo cac gia tri:
0,5°, 1,0, 1,5°, 2,0° cac két qua ndi suy nay
dwoc so sanh voi két qua st dung tat ca
cac diém trong khu viec dé noi suy. Két qua
so sanh dwoc théng ké trén bang sau: (Xem
bang 1)

T két qua & bang 1 ta thay khi ndi suy
MDT chi can s dung cac diém trong vong
tron ban kinh R = 1° xung quanh diém can
néi suy la did. Nhw vay sé giam dwgc thoi
gian tinh toan.

6. Két luan

Hoan toan c6 thé str dung phwong phap
dw doan tuyén tinh téi wu dé noi suy va xay
dwng mé hinh MDT tw cac gia tri MDT tai
cac diém do.

Khi ndi suy MDT khéng can phéi si dung
hét tat ca cac diém trong khu vwc xét ma chi
can st dung cac diém trong vong tron ban
kinh 1° xung quanh diém can néi suy. Diéu
nay sé giam dwoc thdi gian tinh toan.

Tw két qua do cao vé tinh ENVISAT chu
ky thir 81 da xay dwng dwgc md hinh MDT
cho Bién Déng v&i kich thudc ludi 6 vudng
la 10’x10’.0O

Bang 1: Két qud khado sat ban kinh vung ndi suy can thiét

R=0,5 R=1,0° R=15 R =2,0°
Max (m) 0,069 0,003 0,003 0,003
Min (m) -0,014 -0,005 -0,004 -0,002
RMS (m) 0,005 0,000 0,000 0,000
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The height of Mean Dynamic Topography (MDT) is a distance of Mean Sea Surface from

the Geoid. MDT (heights) can be estimated using altimetry data at track points. For further
and easy use of MDT it's heights must be recalculted (interpolated) at a certain resolution
grids as so-called MDT models. This proccess can be done with interpolation based on
Linear Prediction. As practice of this one program named “MDT INTERPOLATION” was
written and applied for the ENVISAT 81* cycle data in order to determine MDT in the East
Sea. The results of interpolation show that it is adequate to use only track points within 1°
radius cicle surrounding the checked point (not all the observed point in considered
region).O
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