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ABSTRACT

Investigation in ability to improving accuracy of interpolation method for height anomalies using terrain data and
remove-restore technique

This article presents theory and experience in improving accuracy of interpolation for height anomaly using terrain data and
remove-restore technique.

Height anomaly is distance from the quasigeoid to the ellipsoid surface. It is a characteristic of gravitational potential and very
important information in geodesy and the other branches of earth science. There are different methods of determining height
anomaly as: gravitation, gravitation - geodesy, GPS and leveling...ect. In addition to, it can be determining by interpolating with data
of exist points. In order to improving accuracy of interpolation, it should be used terrain data and remove - restore technique.
Remove -restore technique has been popular in physical geodesy so many scientists in almost of countries have used for a long time.
Theoretical basic of improving accuracy of interpolation using terrain data and remove -restore technique is division of height
anomaly into two parts. The first one is long wave being smooth and varying regularly. The other one is short wave (terrain effect in
height anomaly) being rough and varying complicatedly. Results of interpolating will be more accurate if short wave is removed in
order to interpolating the remain long wave and then restored short wave for results of interpolating.

According to this theory, numerical investigations are done within four areas of Viet nam. The data used are GPS-TC anomalies
and terrain elevation. The anomalies are interpolated in both cases: normal interpolation and interpolation using terrain data and
remove - restore technique. In both cases, some points in set points having height anomalies are chosen being origin in order to
interpolating for the other points. Then, results of interpolation are compared with exist values in order to predicting theirs accuracy.
Numerical results indicate that if average distance between points approximately 20 km, using terrain data and remove - restore
technique can increase accuracy of height anomaly interpolation from 50% to 80% and average is 64%. This increase is very
remarkable. Results of this study have important implications, contributing to saving time and costs for determining height
anomalies.
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1. Mé dau Dit. Trong diéu kién cong nghé hién nay, trén thé
gidi cling nhu ¢ Viét Nam thuong ap dung phuong
phap dinh vi vé tinh (GPS) két hop do thiy chuén
(goi tit 1a phuong phap GPS - TC) dé xac dinh di
thuong do cao trong pham vi cuc bd. Tuy nhién,
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cong tac do dac kha tén kém nén phuong phap
GPS-TC chi duogc dung dé xac dinh £ cho mot sb
diém hitu han. Cac diém con lai trong Vung xét s&
duoc x4c dinh bing cach ndi suy va dé nang cao
hi€u qua cua phép ndi suy thi mdt trong nhiing gidi
phéap co6 co s& khoa hoc chat ché 1a st dung thém
sO liéu dia hinh két hop ky thuat “ldy ra -
hoan tra”.

Co s& clia giai phap nay xuét phat tir viéc xem
di thuong dd cao 1a dai luong c6 thé tach thanh hai
phan: phan chu yéu twong tng véi budc song dai
va thanh phan con lai trong tng véi bude song
ngan AC. Thanh phan song dai (do Iyc hit cta khéi
vat chat bén dudi bé mat tham khao giy ra) bién
d6i kha tron va déu dan. Thanh phan song ngin AL
do luc hit cia khdi vat chat bén trén mat tham
khao (chinh 1a anh hudng cta dia hinh) c6 do 16n
dugc xac dinh theo cong thirc (Shaofeng Bian,
1996):

A(z—ngmda, 1)

trong d6 H 1a do cao dia hinh tai diém chay trong
vung ldy tich phan o, Hp 12 d6 cao cua mit tham
khao, r 14 khoang cach tir diém tinh A§ dén diém
chay, f1a hang sb hap dan, & 1a mat do vat chét va
y 1a trong lyc chuan.

Trén co sé cong thuc tich phan téng quat (1),
dé trién khai tinh toan trong thuc té, trong Pham
Thi Hoa (2012) di dé xuét cong thic thuc dung
theo phwong phép tich phan sé va phuong phap sir
dung ham Spline tuyén tinh. Ciing theo khao sat
ctia cong trinh nay, trong diéu kién dia hinh Viét
Nam, khi xac dinh AZ, ban kinh ving 1y tich phan
nén chon & mirc khoang 50+55km va ban dd dia
hinh ty 1¢ 1:50000 1a dam bao yéu cau do
chinh xac.

Pai lugng AL bién ddi manh va phure tap, dic
biét & ving niii (Pham Thi Hoa, 2012). DBé ning
cao d6 chinh xac ndi suy can boc AC ra khoi gia tri
¢ tai cac diém gdc bang s6 liéu dia hinh, tién hanh
ndi suy phan con lai, sau d6 hoan tra A vao két
qua nodi suy. Bing cach nay, chi cin 4p dung
phuong phap néi suy don gian nhung van dat duoc
hi€u qua cao.

2. Quy trinh ngi suy di thwong d¢ cao cé sir
dung so li€u dia hinh va ky thuat “lay ra -
hoan tr3a”

Quy trinh ngi suy di thuong do cao c6 sir dung
s0 liéu dia hinh va k¥ thudt “lay ra - hoan trd” gom
cac budc sau:

- Bu6c 1: Tinh AZ cho tit ca cac dlem gbe
(diém da biét ¢) va cac diém nodi suy (diém can xac
dinh ) theo cong thic (1).

- Bude 2: Béc AC ra khoi gia tri ¢ tai cac diém
goc, két qua nhén dugc phéan con lai 1a gia tri E;Sd
tai cac dieém goc.

- Budc 3: Su dung cac gia tri (; tai cac diém

gbc dé noi suy cho diém can xac dinh (; Ket qua s€
duogc gia tri  tai diém noi suy thirila

- Buge 4: Hoan tra AC ' cho cac diém ndi suy.
Di thuong @6 cao tai diém ndi suy thu i s€ duoc
xac dinh theo cong thirc:

g =0+ AL, )

trong do: AZ;i la anh huong cua dia hinh trong di
thudng do cao tai diém ndi suy i.

3. Khio sat kha niing nang cao d9 chinh xic két
qua ndi suy § bang so liéu dia hinh va k§ thuit
“ldy ra - hoan tra”

Bai bao da tién hanh khao sat véi dit liéu thue
té tai bon ving xét ciia Viét Nam bang cach thu
thap trén mdi ving mot s6 diém GPS-TC c6 do
chinh x4c tir hang | dén 11, tir d6 chon ra mot sb
diém lam gdc va tién hanh ndi suy cho cic diém
con lai. Khoang cach trung binh tir diém gbc dén
diém ndi suy 1a 20km. SO lugng va do cao trung
binh cia cac diém trong mdi ving duoc théng ké
trong bang 1.

Bang 1. Sé lugng va do cao trung binh cia cac diém GPS-TC
trén cac vung

To So So D6 cao trung
TT Tén vung "8 didm diém  binh ctia cac
s6 diém ; - -
- goc  ndisuy  diém (m)
1 TayBac 10 7 3 562
2 Mién Trung 13 8 5 65
3 Tay Nguyén 1 15 10 5 416
(Gia Lai -
Kon Tum)
4 Tay Nguyén 2 7 4 3 726
(Dik Lak -
Lam Pdng)
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Qua trinh khéo sat da su dung phuong phap
ham Spline (Tom Lyche and Knut Morken, 2008)
dé noi suy. Theo phuwong phap nay, gia st ¢6 n
diém da biét di thudong @6 cao thi di thuong do cao
tai diém P co toa do x,y s€ dugc tinh theo cong
thirc sau:

n
C[P(x, y)] = izlai 'r|:2>P. .In(rpp_ J +1y +ToX+ 13y, (4)
= [ [

.. 2 2 1 )
trong do: eri = \/(x - X; ) + (y_ yi) la khoang
cach gitra diém P(x,y) voi diém Pi(x;,yi); & (i= 1 +
n) va ty, Tz, T3 la nghiém cua hé phuong trinh sau:

Pé co thé danh gia kha ning nang cao do chinh
xac két qua noi suy bang sb lidu dia hinh va ky
thuat “léy ra -hoan trd”, viéc ndi suy dugc tién
hanh theo hai phuong an:

- Phuong 4n 1 (Khong str dung s6 lidu dia hinh,
khong tinh dén AC): Noi suy toan b gid tri C tai
cac diém goc cho cac diém con lai.

- Phuong an 2 (C6 str dung sb liéu dia hinh,
tinh dén AC): Ap dung quy trinh ndi suy duoc trinh
bay trong muc 2 (tach A, ndi suy phan con lai va
hoan tra A vao két qua ndi suy).

Do chinh xac cua ting phuong an dugc danh

Iy A 5 ’ A - A ns N e

gia trén co so so sanh ket qua ndi suy (£ ) va gia
tri ¢ da biét theo cong thirc:

4| (&4
0 90 ~9n 1 X v ay| |¢,
G0 0 = Gn 1 X Y , (6)
_ ©) L . _
9p1 9n2 = 9nn 1 Xn o ¥n = trong do: my 1a sai sO trung phuong két qua ndi
1 1 1 o o o lan]| |¢n suy &; &7 1a két qua ndi suy &, & 1a gid i § da
x| X Xn 0 K blrét tai dlémln(fn suy thAu i; n la tong s6 diém duoc
xac dinh € bang cach nfi suy.
Y. Yo Yn 0 0 0 %2 i
T3 V(’yi’ co s&¢ ly thuyét néu trén, bai bdo da su
dung s0 liéu di thuong d6 cao GPS - TC va d¢ cao
fg.p.'”[fp.p.j Voii%] dia hinh trén bén ving xét (bang 1) dé tién hanh
9;,j=9ji=) i LT khdo sat. Két qua tinh toan dugc tong hgp trong
0 V6ii=] cac bang 2-5.
Bang 2. Két qua ndi suy ¢ trén ving Ty Béc
Toa d9, d) cao hva £ da biét (m) Két qua ndi suy (m)
Diém % v h ¢ 88 bidt Khéng .tinh dén A; _ . C6 tinh qén AL S
Cndisuy Saisondisuy (ndisuy Hoantra AC Saiso ndisuy
224 2418113 382172 404  -30.169 -29.984 +0.185 -31.417 +1.249 +0.001
226 2394901 384799 216 -30.313 -30.115 +0.198 -31.199 +0.795 -0.091
362 2390697 415272 942 -28.632 -29.348 -0.716 -30.562 +2.230 +0.300
DLTP ndi suy (m) +0.442 +0.181
Bang 3. Két qua ndi suy ¢ trén ving Mién Trung
Toa dd, d6 cao h va £ da biét (m) Két qua ndi suy (m)
Diém g Khéng tinh dén Ag C6 tinh dén A
X Y h ¢ da biét - — . S
Cndisuy Saisondisuy ¢ndisuy Hoantra A Saiso ndisuy
49 2217893 540994 33 -25.572 -25.537 +0.035 -25.361 -0.244 -0.033
50 2202761 542509 17 -25.49 -25.354 +0.136 -25.041 -0.412 0.037
205 2193279 541098 56 -25.454 -25.288 +0.166 -25.051 -0.334 0.069
214 2165468 539794 99 -25.172 -25.05 +0.122 -24.844 -0.280 0.048
233 2208028 534240 49 -25.668 -25.52 +0.148 -25.596 -0.077 -0.005
DLTP ndi suy (m) +0.130 +0.044
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Bang 4. Két qua ndi suy ¢ trén vimg Tay Nguyén |

Toadg,do caohvalda biét (m)

Két qua ndi suy (m)

Diém o Khéng tinh dén AL C6 tinh dén AL
X Y h ¢ da biet A T . B T~
Cndisuy Saisondisuy Cndisuy Hoan tra A Sai sO ndi suy
536 1492897 873086 164 -0.987 -0.815 +0.172 -0.043 -0.900 +0.044
345 1495737 863651 170 -1.349 -1.176 +0.173 -0.461 -0.841 +0.047
535 1499873 873571 169 -1.154 -0.943 +0.211 -0.206 -0.916 +0.032
344 1503923 848947 346 -1.951 -1.858 +0.093 -1.105 -0.812 +0.034
381 1553491 865348 716 -1.572 -1.815 -0.243 -1.583 +0.029 +0.018
DLTP ndi suy (m) +0.185 +0.037
Bing 5. Két qua ndi suy ¢ trén ving Tay Nguyén 2
Toa do, dd cao h va £ da biét (m) Két qua ndi suy (m)
Piém s Khéng tinh dén AC C6 tinh dén AC
X Y h G da biet Cndisuy  Saisdndisuy (ndisuy Hoan tra AC Sai sb ndi suy
552 1348011 849857 513 +2.748 +2.892 +0.144 +1.335 +1.419 +0.006
553 1348536 862275 789 +3.702 +3.809 +0.107 +1.607 +2.163 +0.068
261 1361403 841267 531 +1.787 +1.751 -0.036 +1.257 +0.591 +0.061
DLTP ndi suy (m) +0.106 +0.053

Bang 6. Tong hop két qua ngi suy ¢ trén bdn viing xét theo hai phuong an

Do cao trung

DLTP ndi suy (m)

Luong giam DLTP ndi suy khi tinh dén AL

TT Vung xét binh cua cac A . . \
diém (m) Khoéng tinh dén A Co tinh dén A bg 16n (m) Phan tram
1 Tay Bac 562 +0.130 +0.044 +0.086 66%
2 Mién Trung 65 +0.185 +0.037 +0.148 80%
3 Tay Nguyén 1 416 +0.442 +0.181 +0.261 59%
4 Tay Nguyén 2 726 +0.106 +0.053 +0.053 50%
Gia tri trung binh +0.216 +0.079 +0.137 64%

Kha ning nang cao do chinh xac két qua noi
suy di thuong do cao bang sb liéu dia hinh va ky
thuat “liy ra - hoan tra” dugc minh hoa rd hon
trong bang tong hop 6. Tir dit liéu bang 6 co6 thé rat
ra cac nhan xét sau day:

- Trén ca bén ving khao sat, do chinh xac két
qua ndi suy theo phuong an sir dung thém sé liéu
dia hinh va k¥ thuat “lay ra - hoan tra” ting lén rat
nhiéu so véi truong hop ndi suy thong thuong;

- P9 chinh xac két qua ndi suy theo phwong 4n
sir dung thém s6 liéu dia hinh va ky thuat “liy ra -
hoan tra” ting 1én v6i muc 16n nhét 1a 80% (ving
Mién Trung, noi c6 do cao trung binh nhé nhét),
nho nhét 13 50% (ving Tay Nguyén 2, noi c6 do
cao trung binh 16n nhat) va trung binh trén bdn
vung 1a 64%.

4. Két luan

Khi ndi suy di thuong do cao tir cac diém song
trung GPS-TC cho cac diém khac trong ving, néu
str dung thém s6 li¢u dia hinh va ap dung ky thuat
“lay ra - hoan trd” s€ c6 tac dung lam tang do

chinh xac két qua ndi suy so véi trudong hop nodi
suy théng thuong (khong tinh dén anh huong dia
hinh). Két qua khao sat cho thiy véi khoang cach
trung binh tir diém gdc dén diém nodi suy 1a 20km,
mirc ting dat trong khoang tir 50% dén 80% va
trung binh 14 64%. Day 1a mot muc ting dédng ké.
Két qua nghién ctru niy ¢ ¥ nghia quan trong, gop
phan tiét kiém thoi gian va chi phi xac dinh di
thuong do6 cao.
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