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CACYEU CAU POI VOI SO LIEU GPS,
SO LIEU THUY CHUAN
VA SO LIEU TRONG LUC TRONG PO CAO GPS

I. DAT VAN DE

Po cao GPS 12 mot dang do cao mdi, két qua
cla n6 14 gia tri do cao di€ém xét trong he do cao
chuén (hay do cao thudng). N6 cé nhitng wu diém
co ban so v6i do cao thuy chuidn truyén thong,
chang nhitng vé nang sudt, chi phi, ma ding k€
hon 14 vé gidn cach va diéu kién dia hinh giita cic
diém do. Song thuc t€ sin xuit & nudc ta con dé
dat, tham chi c6é khi con hodi nghi khi 4p dung
phuong phap ndy, bdi do chinh xic thuc t& dat
dwoc con han ché. Mong muén cia chiing ta 1a dé
do cao GPS & Viet Nam ciing c6 thé bdo ddm dugc
do chinh xac cao twong dwong thuy chudn hang II
nhu & My [2], & Nga [1], & Uc [13], hay thap hon
12 twong duong thuy chun hang III nhr & Hungari
[5] va chi it cing phai twong dwong thuy chu4n hang
IV trong moi diéu kién dia hinh cda nuéc ta. Thuc t€
do cao GPS & nudc ta cho dén nay, do chinh xac phdé
bién twong duong thuy chuén k¥ thuat, trong mot
s6 truomg hop co thé dat t6i thuy chudn hang IV,
nhung hdu hét 13 & ving ddng bang.

Vay diéu mong mu6én vira néu & trén c6 kha thi
va c6 som trd thanh hién thuc khong ? D€ gép phin
tra 10i cau héi ndy, dwdi day ching toi xin dé cap
dén cac yéu cdu cin dap tmg ddi voi cac loai s6 ligu
do dac co ban cén c6 khi trién khai do cao GPS.

II. BAN CHAT PO CAO GPS VA
CAC PHUGNG AN TRIEN KHAI

1. Bin chit cia phuong phap

Ta hdy k¢ hieu S 13 mat dat thuc trén d6 co
diém xét M (hinh ).

G 12 mot di€m trén mat d4t thuc, ndm st mat
bién trung binh, dugc 14y lam diém gdc do cao
qudc gia.
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E 13 mat Ellipsoid chu4n véi ban théng s6 da
trung cho thé trong trudng chudn U, cling chinh I
mat ding thé trong trudng chudn co ban véi th
U = Up= const.

G va M 14 hinh chi€u doc theo phap tuyén vo
Ellipsoid chuén clia G va M.

Ky hiéu th€ trong trudong thuc cia Trai Dit ta
M 13 Wy, ta hdy chon trén phap tuyén vé
Ellipsoid chudn di qua M moét di€ém N nio d6 sac
cho Uy = Wy. Khi db khodng cach MN chinh 12 d
thuong do cao cha diém M, dugc ky hiéu 1a &y
Khodng cach NM dugc goi 13 d6 cao chufn ci
diém M va dugc ky higu 1a A}, (khai niem vé di
cao chudn dugc M.S. Molodenski dua ra ddu tié
vao nam 1945 [11] va sau d6 dugc V.F. Eremee
dat ten 1a "do cao chudn" vao nam 1951 [3])
Khodng cich MM goi 13 d6 cao tric dia va dug
ky hitulaHy. Tacé :

Hyy, W= +hf o« 29y, 1

Ung voi cac diém M khéac nhau trén bé mit o
nhién clia Trai D4t ta c6 cac di€m N. Cac diém !
hop thanh mot bé mat, M.S. Molodenski goi 1a b
mit phu trg hay x4dp xI bac nhat cia bé mat Tré
bat, con Hirvonen (1960) [10] dat tén 1a m3
teluroid. Trén hinh v& 1 né dugc ky higu 12 3,

Tir (1) co thé€rlitra :

hy = Hy - {y @

Nhu vay, d6 cao chudn clia di€m xét co th
dugc xac dinh, néu bi€t do cao tric dia va ¢
thudng do cao. Do cao tric dia clia di€ém xéc din
tir k&t qua do GPS. Chinh vi 1§ do ndy, phuong pha
do cao theo cong thirc (2) goi 1a do cao GPS [6].

2. Cic phuong 4n trién khai

Cac phuong an do cao GPS déu dya trén dan
s6 liéu co ban chung 13 do cao trac dia H dugc xa



Mzt bign

N Mzt dat thue (S)

Mat teluroid (%)

ug = const Ellipsoid

chuin (E)

Hinh 1. Cac thanh phén d6 cao

dinh tr két qui do GPS. Ching chi khac nhan &
cach xac dinh thanh phén thir hai cla cong thic (2)
- dai luong €.

a) Trong truong hgp xac dinh truc tiép ¢

S8 ligu dwoc st dung 1a cac gia tri di thuong
trong luc trén pham vi toan cdu.

Ag=g-¥s 3)

trong d6 g - gia tri trong luc thyc do trén bé mit tu
nhién (bé mat vat 1y) cda Trai D4t, ys - gia tri trong
lyc chudn tinh dugc tréen mat teluroid. Dj thuong
trong luc (3) goi 1a di thudng trong luc chan khong.
N6 cén duogc cho trén toan bo bé mit bién tri X.
Gia tri di thudng do cao ¢ tai diém xét, dugc xac
dinh trén co s§ gidi bai toan bién tri clia 1y thuyét
thé theo cach dit vén dé cia M.S. Molodenski. Ldi
gidi cudi cing & dang x4p xi bac nhat didm bio
thod man yéu cdu do chinh xic cao cia thuc t€, ca
& ving c6 bé mat dia hinh bién ddi phirc tap nhu
vung nii, c6 dang [10] :

((B,Lh7) = % [[(Ag+G)sS(¥dam (@
— R_2 h? — h; 5

trong d R, y - ban kinh trung binh va gia tri trong
lyc chuén trung binh clia Trai Dat, r, - khodng cich
tinh theo day cung giita diém xét va diém chay trén
mit cdu, do - phén ti& gbc nhin.

G; chinh 13 4nh hudng clla b& mat dia hinh
trong gia tri di thudng trong luc, c6 thé 1am gia trj
di thudng d6 cao ¢ thay d6i t6i 5-7 cm. Chinh vi
vay, khi cdn dat d¢ chinh xéc cao ciing nhur & viing
ndi, nh4t thi€t phai tinh dén anh hudng niy. Trong
truong hop nguoc lai c6 th€ sk dung cong thirc
Molodenski & dang x4p xi bac 0, d6 chinh 1a cong
thitc Stokes di dugc biét dén tir rat lau.

b) Trong truong hop xac dinh gian tiép ¢

Trong trudng hop ndy cdn cb s6 lieu do GPS va
s6 ligu do cao thuy chudn ket hop v&i s6 lieu trong
Irc doc tuyén do cao. Khi dé s& tinh dwoc hien § =
(H - h") cho mét s6 it "di€m ctng", ching han N
diém. Bang cach st dung cac phuong phap noi suy
khac nhau nhu : bing da thitc, hiam spline, kriging,
collocation..., ¢6 thé ndi suy cac s6 ligu do tir "diém
cimg” sang cho diém xét bat ky dugc bao quanh
bdi cac "diém cimg" [10].

Ngoai s6 lieu do GPS va do cao thuy chuén, con
c6 thé sit dung céc s6 lieu bd sung nhu : s6 lieu di
thudng trong luc trong mot pham vi han ché nao d6,
s6lieu d¢ cao dia hinh. Ching c6 khd ning "lam nhin"
mit quasigeoid, do vay cho phép don gian ho4 qua
trinh noi suy d€ cb thé dat tdi d6 chinh xéic cao hon.

3. Yéu cdu vé dg chinh xic doi voi s6'ligu do
a) Trudng hgp xéc dinh truc tiép ¢
Ung véi (2) theo 1y thuyét sai s6 ta c6 :

m: =

e m} + mg 6)
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Dua trén nguyén tic déng anh hudng, tariit ra :

m
= = ki €))
mgy mg 7
2
Néu yéu cdu cho sai s6 do cao GPS tuwong
dwong véi do cao thuy chudn, ta phai dat diéu kién
m

Wy < aVL @®

trong do6 | - sai s6 trung phuong (tinh bang milimet)
trén 1 km dai, L - khoang cich tinh bang kilomet
giita hai di€m xét.

Thay (8) vao (7), ta nhan duoc :

D6i véi timg cdp hang do cao thuy chudn ta da
bi€t cac gi4 tri p cu thé, changhan p =5 mm, 10mm,
20 mm tuong {mg v&i thuy chuén hang II, hang I1I,
hang IV. Goi khoang cich giifa cac "diém cling" va
di€m xét 1a L, tng véi cac gia tri L va cic cdp hang
thuy chusn khic nhau ta c6 cac gié tri trong bdng I :

IA

Bdng 1. Gié trj sai s& db cao tric dia va dj thuong
dd cao c4n dam bao tai didm xét

C#p hang thuy Khodng cach L(km)
chusn tuong
duong 20 40 60
Hang II 158 mm 224mm 27,4 mm

Hang I
Hang IV

31,6 mm 44,7mm 54,8 mm
632mm 89,4mm 109,5mm

Di thuong do6 cao cdn dugc xac dinh truc ti€p
theo s6 lidu trong lyc trén co sd s dung cac cong
thitc d3 nhic t6i & muc 2. Vi muc dich nay, toan by
bé mat Trai D4t thudng dugc chia thanh 2 ving : d6
1a ving gén tryc ti€p bao quanh di€m xét va ving xa
14 toan bo phdn con lai. Sai s6 x4c dinh thanh phin
di thuong do cao theo s6 liéu trong lyc trong ving
gin di dugc chiing toi danh gia trong [7]. Theo do,
nd cb tri s8 khOng 16m hon 0,03 m néu ving gin c6
ban kinh xdp xi 200 km va mat do di€m trong Iuc
trong d6 khong thap hon 1 di€m/100 km’. Anh
hudng cua ving xa dugc ndi suy tuyén tinh tir cic
"di€m ctmg" sang cho di€m xét voi sai s6 khong
vuot qua 0,02 m [9], néu cac "diém cémg" nim
cach nhau khong qua 50 - 60 km. Téng hop lai, sai
s6 ca di thuong do cao theo s liéu trong lyc trong
cac diéu kién vira néu s& cb tri s6 nhd hon 0,04 m.
D6i chi€u voi s6 lieu néu trong bang 1, ta thdy do
chinh x4c ndy teong ng voi yeu cdu xac dinh do
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cao chudn bing do cao GPS twong duong thuy
chuén hang III. -

b) Trudng hop xéac dinh gian tiép &

Phuong phap noi suy dugc chdp nhan phé bién
13 noi suy tuyén tinh. Gia st c6 N "di€m cimg" i
phan b6 cach déu nhau va cach déu diém xét M,
déng thoi cac gia tri di thudng do cao tai cc "diém
cfmg" ¢6 ciing do chinh x4c 13 m;. Khi dé tas€ o :

10,

Di thudng do cao tai cic "diém cimg" duge xac
dinh theo s6 liéu do GPS va do cao thuy chuén ket
hop véi do trong luc doc tuyén trén co s& cong thirc:

¢ = H - K (11)
Sai s6 trung phwong twong (tng béng :
my = |my+ mi?, (12)

1

Ciing theo nguyén tic déng anh hudng, sau khi
thay mg; = memy/ N tir (10) vao (12), ta co:

_ ol N
mH,, = mh?, = mcM —2—

D6 cao chudn cia diém xét M s& nhan duogc
theo biéu thirc :

Wy = Hy — Cu (14,
Dt yeu clu m) < uvJL véi L1a khodng cich
tir di€ém xét M t6i "diém cing” i, ta ¢d :

(13)

2wk 2
m—HM+ms

7 B oL (@S
M

Ciing theo nguyen tic dong anh hudng, suy ra:

L
ﬂ‘/; (16

Sau khi thay (16) vao (13),tas€ritra:
my, = m, s —INL (17
;
Cho N = 4, ting véi cac gia tri L cu thé, ta si
¢ céc s6 ligu tinh theo (17) néu trong bdng 2.

A <
My y Moy =

Chc yéu cdu vé sai s6 do cao tric dia cin ba
d3m tai diém xét hoan toan giéng nhu da néu tron
bang 1.
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SUMMARY

Requirments to GPS, levelling and gravimetric data
for providing GPS - levelling with accuracy of
traditional levelling

Based on the conception of GPS - levelling, the
author considers two different variants for. its realiza-
tion. In one variant the height anomaly is proposed
to be determined directly by use of gravimetric data,
and in the other case - to be interpolated from the
points with known geodetic and normal height values.
Accordingly there are recommended requirments to
GPS, levelling and gravimetric data for providing
GPS - levelling with accuracy of traditional levelling
of fourth to second order.

There is shown that GPS levelling with an
accuracy of 3™ order traditional levelling in Vietnam
is.quite realizable now. In this case GPS points should
have known geodetic and normal height values with
same accuracy no lower than 4 cmand evenly enough
located at the distance of 50-60 km around a consi-
dered point. In addition, within an about 200 km cap
size there should be provided gravity anomalies with
density no less than 1 point/100 km?.
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