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XAC DINH DI THUONG PO CAO TU SO LIEU
Di THUONG TRONG LUC THEO PHUONG PHAP qu

NGUYEN VAN SANG, Trwong Dai hoc Mé-Bja chét

: ol R

NGUYEN THANH LE - Hoc vién Ky thudt Quén sw

Geoid/Quasigeoid qudc gia va khu vwc la
nhiém vu khoa hoc chii yéu cla tréc dia cao
cap. Cong nghé GNSS ra d&i cho phép xac dinh
dwoc dd cao trac dia so voi mat ellipsoid. D& co
dwoc dd cao chudn can phai co di thwong do cao.
Vi vay, van dé xay dwng quasigeoid (thuc chét Ia
xac dinh dj thwong do cao) véi @6 chinh xac: ngay
cang cao dang la van dé thoi sy
Trén thé gi®i, viéc xac dinh di thwéng dé cao
cho mét khu vue c6 thé duwoc thwe hién tlr nhiéu
ngudn di liéu khac nhau nhu: sb liéu do GPS-thily
chuan; sb liéu de trong lwc truc tiép trén mat dét,
s6 liéu trong lwc vé tinh, sé liéu trong lwc hang
khéng,... Do trong lwc vé tinh & cdng nghé tién tién
clia thé giéi, cho phép xac dinh di thuwdng trong lwc
va di thwéng dd cao véi dd chinh xac cao. trén
khoéng cach khoang 100 km [11]. Viéc xac dinh di
thwong d6 cao tir sd liéu di thwdng trong lwc da

I- ghién clru xay dwng cac md hinh dd cao

dwoc cac nha khoa hoc trén thé giéi thwe hién, mot |

trong nhirng phwong phap dwgc (ng dung la
phwong phap LSC (Least Squares Collocation) [5],
nhirng céng b6 v& mé hinh di thwong d6 cao gan
day nhét déu str dung phwong phép nay, nhu md
hinh GDQM-PL13 cta Ba Lan c6 mét lwgi 1'x1' [0],
mé hinh NZGeoid2016 ctiia New Zealand [1].
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VAn dé& xac dinh di thuong do cao & Viét Nam
cling dang la van @& co tinh thoi sw. Mét sé nha
khoa hoc nghién ctru vé& van dé nay [2], [3], [6], [9],
[10]. Tuy-nhién, xac dinh di thwong d6 cao tir sb
liéu di thworng trong lwc béng phwong phap LSC thi
chwa duwgc quan tdm dung mrc. Trong bai bao
ndy, t4c gia sé. trinh bay cu thé noi dung ly thuyét
phwong phap, quy trinh tinh toan va két qua tinh
foan. tren mot khu vue thwe nghiém.

1.Co so;t. ly thuyét va quy trinh tinh toan

1.1 Xdc djnh dj thwong dé cao twr s0 liéu dj

thuong trong lwe theo phwrong phap LSC

Theo phu’o’ng phap-LSC [5], gid st¥néu ta co n
diém cé.gia tri di thu’o’ng trong lwe Agq, AQs;...
khi dé di thwérng dd cao cua dlem P sé&, dwo’c noi
suy theo cdng thire: fog

G =Kin(Ag,50) <[ K(Ag, Ag)+&Ag] X AGnq - (1)
Do chinh xac duwoc danh gia theo cong thiec: =
Ix1(CP’(:P) len(Ag QP)X % "_-’5‘“ -

i @

-1 . L
x[K(Ag;Ag)+CAg xKoa(Ag.G)

Trong d6: C,g- Ma trén hiép phuong sai ¢ha'sai sb7

xac dinh di thuong trong Iu’c,,Ag Gia tri di thwong
trong lwc:

Kln(89.Cp) = [K(Agr.Cp) K(Agglp) ... K(AgnCp)] 3)
K(Ag1,Agy) K(Agy,Agy) K(Agy,Agp) \ ,‘_
K(A g.Ag) = K(Ag2,Ag1) K(Ag2,Ag,) K(Ag2,Ady) L o N @
K(Agy,Agy)  K(Agh,Ags) K(Agn,AGn) |pun e E
C11 Ci2 Cin Ag; = P
B Cz1 Cz2 -+ Cop . AGpq = Ag, 5)
Cn1 Cn2 - Cnnlgyn Agn nx1

Cac gia tri hiép phwong sai K dwoc xac dinh theo céng thire [7]:
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1+1 2 2 1+1

V&i cac tham sd can xac dinh 1a a, d,, N, A, va thu’ong trong lwc voi so liéu dj thuo’ng dd cao dé
R. Yiéc xac dinh cac tham sé dwoc thuc hién tinh ra di thuong d6 cao clia cac diém. Gia st
bang cach xac dinh cac gia tri hlep phwong sai trong khu virc ta cd n diém cé gia tri di thuwong
thwe nghiém, sau d6 dwa trén céc gia tri thwc  trong luc Ag,,Ag,,...,Ag, va m diém co gia trj di
nghiém nhan duoc sé diroc xap Xi voicham Iy thieng d6 cao (dwoc tir sb liéu GPS-thay chuan)
thuyét dé tlm ra g|a tri xac suat nhat. - - GRSTE pOPEE £SPSTC Khi d6, theo phurong phap

1.2. Két hop sb liéu dj thwong trong lyc véi ;
sé liéu dj thuwong d6 cao LSC [0], di thwong do cao cla mat diém P thudc

Phwong phap LSC ‘cho phép Kkét hop sb ligu di viing c6 sd lieugé dugc lam khop theo cong thirc:
: _[ (89.%) J {K(Ag 80)*Cig K(49.£%°7°) } [ Ag } (7)
;&
K

(éGF‘S-TC - Cp‘) G KT(AQ, GGPS-TC) K(CGPS-TC , CGPSNTC_) ¥ CCGPS_TC’;GP&TC . CGF'S-TC

'Trongf::' do: C Agﬁg,(')QG,,STCQGF.S_TC - Cac ma tran hiép phwong sai cla sai s_é do di thwong trong lwe va di

thwong do ¢ao GPS-TC;

KT (Agite) =[K(89,.6.) . K(AG, Lp) “ K(AGy Go)]: (8)
KT, BIR (™5, 6,) KAL) . AT G0 (©)
(A@,Agd K(Agi,Ag,) " K(AguAg,) |
K(Ag.Ag)= K(AQZ,AQJ K(égz,A‘gz) - KlagAg) | (10)
"y kisbae) Kidg,Ag,) S Kidg,Ag,)
KEEPST,075 ™0y KEF>™,657™) .. K( c;) -
K(corsTe poretoy o KIETTOGTST9) KIGTT™.G7 Tf) . K &™) (1)
K8, CPoT0), K(E™T0,687070) Lor K 2 )
K(Ag, &™) “KlAgnts ™ ) - KAGLLE™T™)
K(ag.eree)=| K9G K(Ag G . K(Ag,, G7*™) . (12)

K(Agn,C?PS“TC) K(AG, G5 ™) v K(AG,Ga ™)

_C;-GF'SfTC GPS-TC CyGF‘S-TC GPS-TC Ll C GPS-TC -GPS-TC (;
) & =1 Ly [ &y Cm Ag1 1

- C GPS-TC -GPS-TC C GPS-TC ~-GPS-TC Lokl C GPS-TC -GPS-TC Ag C

1 s Teggrs T Al |, — 2 |, =| P2 |.
CgGPS-TCgGFS-TC( = L 1 = = % & 3 Ag - ) C =" ’ (13)

’ i . ' C‘:gPS-TC.g‘GF‘S-TC ngPSATCQgPS-TC L C CgPS'TCCnG-.PSJC Agn Cm

i 1.3 Quy trinh tinh todn dj thwong dé cao tir P& kidm chirng co s& ly thuyét, tac gia tinh toan
so liéu dj thwong trong lwc : thwe nghiém véi bd sé liéu dwoce xac dinh tir mo

T co s& ly thuyét dwgc trinh bay & trén cac  hinh thé trong trwdng toan cdu EGM2008 véi cac
budec tinh dugc thure hién theo quy trinh H.1. hé sb diéu hoa cAu cia md hinh t6i cp va bac
2. Thwe nghiém xac dinh di thwéng dd cao  2190. Cac tinh toan nay dwoc thwc hién bang
tiv s6 ligu dj thwong trong lwe két hop véi s6  chuong trinh “Geoegm.py” [8]. Sb liéu di thuong
liéu GPS-thiy chuan theo phwong phép LSC trong Iwrc: pham vi s6 ligu dj thudng trong lwc 6 vi
- 2.1 Giéi thiéu sé liéu | d6 tr 19°:21, kinh do tir 105 +107"; d6 rong 2'x2’,
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‘mét lugi 3' x 3, tong sb diém Ia 1681 diém, sb liéu
dworc thé hién trén hinh H.2.

S6 liéu di thwong do cao: Pham vi sé liéu di
thwong do cao c6 vi do tir 19,25 + 20,75, kinh do
tr 105,25+106,75; do6 rong 1,5x1,5, mat lwei
5'%5', tbng sd diém tinh 1a 360 diém, sb liéu dwoc
thé hién trén hinh H.3.

S6 liéu dj thudng db cao clia
cac diém do GPS-thly chuén

v v

Xac dinh cac gia tri hiép Xac dinh di thirérng d cao
phwong sai thuc nghiém bang phwong phap LSC

v 4

Xacdinhcacthamsdclaham| | |Danh gia d6 chinh xac cda di
hiép phuwong sai ly thuyét thwong dd cao

Sé ligu dj thuong trong lwe

H.1. So db quy trinh xéc dinh di thuong do cao
ttr 56 liéu di thuong trong luc két hop véi sé liéu
di thuong d6 cao GPS-thdy chuén theo phuong
phap LSC '

21"00"N

20° 48' 0" N
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20" 24' 0" N+

20°1Z 0" N+

20° 0' 0" N+

19° 48' 0" N1

19* 36° 0" N1

19° 24' 0" N+
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tr e e s
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05'00E  105°260°E  105°4BC'E  106°12'0°E | 108°38C°E | 107°0'0°E

H.2. So' dé phén bé sé liéu dj thuong trong e

Sé ligu di thwdng dd cao dwodichia la 2 phan:
120 diém dwa vao tinh toan va 240 diém dé kiém
tra. So d6 phan bd cac diém dung dé tinh toan va
kiém tra nhw trén hinh H.4 va H.5.

2.2 Xdc dinh cdc tham s6 cda ham hiép
phwong sai ly thuyét

T cac gia tri di thwong trong lwe ching ta tinh
dwgc céc gid tri phwong sai thywec nghiém bang
chuwong trinh “Empcov.py” trong géi phan mém
GRAVSOFT [8].

Cac gia tri phwong sai thyc nghiém nay dwoc
lam khép véi ham higp phuong sai ly thuyét dé xac
dinh ra cac tham sé ctia ham nay.
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H.5. S6 '!ig_éu di thuong do cao’ %
dung dé kiém tra danh gia %

* Céc tinh toan nay duec thyc hién bang cheong
trinh “Covfit.py” [8]. K&t qua lam khép gitra pherong
sai ly thuyét va thuc nghiém dwoc thé hién 4rén
Bang 1, méi tvong quan gitva ham ly thuyét va gia
tri thwe nghiém dwoc thé hién trén hinh H.4. Tir két
qua lam khdp, nhan dwoc: N=98; a=0,33.10°%
Rg-R=-1,04868 km, A=68,06 (m/s), phuong sai
cla di thwong trong lyc la 618,96 mgal”.
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Bang 1. Két qua lam khép gia tri hiép phuong sai thue nghiém va ham hiép phuwong sai ly thuyét
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L | | | | | [ = |
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H.6. D6 thj ham hiép phuong sai
thure nghiém va ly thuyét?
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H.7. Két qué tinh dj thiong dé cao biéu dién
i béng duwong binh dé va mau sac
2.3 Két qua tinh todn dj thuong dé cao
. Tlr cac tham so a, d;, N, A, va Rg dwgc xac dinh,
tién hanh thuc nghiém tinh di thwéng do cao tir sé

No wi"(ﬂ) - Hiépﬁphu’o’ng s'ai _ No wi () Hiépmphwo’ng s:?i .

wc nghiém Ly thuyéet Thuwe nghiém Ly thuyét

14 4 0.05 257.170 261.8509 11 0.55 53.520 36.3411

2 | .0.10 207.820 214.7496 12 0.60 39.345 27.9556

3 "|° 015 172.625 > 176.7767 13 0.65 23.022 20.6388

4 '0.20 149.363 146.6196 14 0.70 7.938 14.2626

5% | ,.0.25 123.258 - 122.0898 15 0.75 -5.568 8.7209

6 10.30 96.640 | 101.6961 16 0.80 -17.976 3.9245

7 4. 035 . 85.934 84.4586 17 0.85 . -28.559 -0.2032

8 0,40 ~80.078 69.713 18 0.90 ° -35.737 -3.7284

9 045 - 66.981 56.9917 19 0.95 -32.094 -6.7094

10 '0.50 *  61.566 45.9535

3‘”““”\ ' : lidu di thwerng trong lwe va sé liéu di thwc‘)’nog do cao
250000 - cho khu vyc co kich thwde: vi do 19,25+20,75,
. " kinh d6 105,25+106,75; do rong 1,5 x1,5, mét
. 2 lwdi 5'x5'. Cac tinh toan dwoc thwe hién bang
150,000 : chwong trinh “Geocol.py” [8]. Két qua tinh di
el N T L i, thwong d6 cao duwoc thé hién trén hinh H.7. Cac
, N IA thdng ké vat tat nhw sau: gia tri di thwong do cao
50.000 IS trung binh ,=-25,98 m, di thwdng dd cao nhod
oo P nhat {.,=-28,12 m, di thuéng d6 cao I&n nhéat

Cmax=-24,18 m.

2.4, Banh gia dé chinh xac -

Dé danh gia do chinh xac cia két qua tinh, ching
tﬁisfy dung 240 diém co gia tri di thwdrng d6 cao doc
lap dé so sanh. Cac két qua danh gia nhw sau:

> Do léch lon nhét: 8Zmax=0,32 m;

.» D6 léch nhd nhét: 5¢,,,=0,01 m;

> D léch trung binh 8Z75=0,06 m;

» BP0 1&ch trung phwong: +0,17 m;

Trén hinh H.8 1a biéu dd biéu dién tin suit va
gia tri d6 léch. Hinh H.8 cho thay do 1&ch c6 xu thé
tuan theo luat phan bb chuan.
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H.8. Biéu dé phan bé do léch dj thuong dé cao
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3. Két luan

Tl cac két qua nghién ctru trén day, ching toi
rut ra mot s6 ket luadn nhw sau:

> Phuwong phap LSC c6 quy trinh tinh toan nhw
trinh bay trong bai bao cho phép xac dinh di
thuwdng do cao tr sb liéu dj thuwdng trong luc;

> Két qua tinh toan di thwong do cao tir sb liéu di
thwong trong luc lay tr mé hinh EGM2008 trén khu
vire thire nghiém (Ao vi tlr 19,25°+20,75°, dd kinh tr
105,25°+106,75°) dat dd chinh xac £ 0,17 m.O
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SUMMARY

The main purpose of the paper is |
. determination of the height anomalies from |
. gravity anomalies data by the Least Squares |
. Collocation method (LSC). The paper |

calculating height anomalies by this method
Experimental calculations are performed on
he area (Latitude 19,25° + 20,75°, Longitude |
| 105,25°:106,75") with data of gravity |
| anomalies, computed from the Earth Gravity
. Model EGM2008. The experimental results
| are compared with the standard data to |
| estimate. The results show that the LSC
method allows to determine the height |
anomalies from gravity anomalies data. In
he experrimental area, the height anomalies
are determined with the accuracy of +0.17
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