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CACTEU CAU OdI VOI Sd UNU GPS,

SO LIEU THUY CHUAI\
VA Sd LIEU TRONG LUC TRONG DO CAO GPS

r. DAr vAI.l o€

Do cao GPS le mOt d4ng do cao m6i, kdt qui
cria n6 ld gi6 hi dQ cao didm x6t trong h€ dd cao

chudn ftay d0 cao thudng). N6 c6 nhfng uu didm
co bin so v6i do cao thuf chudn truydn thdng,

ching nhiing vd ndng sudt, chi phi, md ding kd
hon li vd gidn c6ch vi di€u kiQn dia hinh giita cic
didm do. Song thuc td sin xudt & nu6c ta cdn dd

dit, thf,m chi c6 khi cdn hoii nghi khi 6p dqng
phuong phdp niy, bdi dQ chinh x6c thuc t€ dat

duoc cdn hqn chd. Mong mudn cfra ch(rng ta ld dd

do cao GPS & Viet Nam ciing c6 thd bio dim duo. c

do chinh x6c cao tudng dudng thuf chudn h4ng II
nhu 6 M! [2], 6 Nga [1], 6 Oc [13], hay thdp hon
li tuong duong thuf chudn hang III nhu 6 Hungari

[5] vd chi it cflng phii tuong drrong thuf chudn h4ng

IV hong moi didu kign dia hinh cfra nu6c ta. Thuc td
do cao GPS & nudc ta cho ddn nay, dQ chinh x6c phd

bidn tuong duong thuf chudn k! thuQt, trong m6t
sd tnrong hgp c6 thd dat tdi thuf chudn h4ng IV,
nhung hdu hdt ln 6 ving ddng bing.

V{y didu mong mudn vta nOu E tren c6 khi thi
vd c6 s6m t& thenh hi-On thuc kh0ng ? Dd g6p phdn

ha ldi ceu h6i ndy, dudi day chfing toi xin dd cap

ddn c6c y€u cdu cdn dap rmg doi vor chc loei sd ligu
do d4c co bin cdn c6 khi ridn khai do cao GPS.

II. BAI.I CH,{T DO CAO GPS VA
CAC PHUOI.{G AI.{ TRIfo IA{AI

1. Bin chAt cia phuong phdp

Ta hdy kf hiQu S li mat ddt thuc tren d6 c6

didm x6t M (hinh l).

G li mQt didm tren mat ddt thqc, nim s6t m4t

bidn trung binh, dugc ldy lnm didm gdc d0 cao

quOc gia.
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E ld m4t Ellipsoid chudn v6i btfn th6ng sd dar

trung cho thd trong trudng chudn U, cf,ng chinh lr

mat ding thd trqng tnrdng chudn co bfrn v6i th,

U = Uo= const.

C va U li hinh chidu doc theo ph6p tuydn v6
Ellipsoid chudn cfra G vi M.

Kf hiQu thd trong trudng thu. c cfra Tr6i Ddt ta
M ld Wy, ta h6y chon tr€n ph6p tuydn v6
Ellipsoid chudn di qua M mOt didm N nio d6 sar

cho Ux = Wr,a. Khi d6 khoing c6ch MN chinh ld d
thudng dO cao cria didm M, duo. c kf hiQu ld (y
Khof,ng c6ch NM duo. c goi ld d0 cao chudn cri
didm M vi drro. c k9 higu ld hrM &h i niQm vd dr

cao chudn duoc M.S. Molodenski dua ra ddu ti€r

vio nim 1945 [11] vi sau d6 duoc V.F. Eremee'
dit t€n le "dQ cao chudn" vdo ndm l95l t3l)
Khoing c6ch MM goi ld dQ cao tr6c dia vd duo.

kf higu la HM. Ta c6 :

HM=hrM+eu(1
Ong vdi c6c didm M kh6c nhau trOn bd mat tr

nhiOn cria TrAi D{t ta c6 cdc didm N. C6c didm t
hqp thanh mQt bd m{t, M.S. Molodenski goi li b
mdt phu trg hay xdp xi b{c nhdt cria bd mpt T16

Ddt, cdn Hirvonen (1960) t10l d4t tcn la m?

teluroid. TrOn hinh v6 1 n6 duo. c kf hicu ld I.
Tr) (1) c6 thd r0t ra :

hrM=HM Cu Q

Nhu vay, d0 cao chudn cfra didm x6t c6 th
duo. c x6c dinh, ndu bidt dO cao tr6c dia vd c

thuong dQ cao. DQ cao tr6c dia cfra didm x6c din
ri kdt qui do GPS. Chinh vi lf do ndy, phuong phd

do cao theo c6ng ttrtc (2) goi ld do cao GPS [6].

2. Cic phuary 6n tridn khai

C6c phuong 6n do cao GPS d€u dga tren dan

sd liQu co bin chung ld dQ cao tr6c dia H dugc x6,



MAt bi6n

dlnh trl kdt quf, do GPS. Chtng chi khic nhau 6
c6ch x6c dinh thdnh phdn thrl hai cfia cOng thfc (2)
- dai luong (.

a) Trong trudng hqp xdtc dlnh tnlc ti6p (
S0 [-eu duo. c srl dgng li cic gi| tri di thuong

hgng lu. c hOn pham vi toin cdu.

Ag=g"-y> (3)

hong d6 g, - gi6 tri trgng lqc thu. c do trOn b€ mat tu
nhiOn (b€ m4t vflt lf) cria Tr6i Ddt, Tz - Eiir tri rrgng
h1c chudn tinh duo.c trOn mit teluroid. Di thudng
trgng lqc (3) gqi h di thucrng trgng lgc chtn khOng.
N6 cdn duo. c cho trOn toin b0 b€ mdt bien tri I.
Gie hi di thudng dQ cao ( tqi didm x6t, duo.c x6c
dinh trOn co s6 giii bdi to6n biOn tri cfra lf thuydt
thd theo c6ch ddt van dd cfra M.S. Molodenski. ldi
giii cutii cing & d4ng xdp xi b4c nhdt ddm bio
thoi m6n yOu cdu dO chinh x6c cao cfra thuc t4 ci
& vring c6 b€ mat dia hinh bidn ddi phfic tap nhu
ving niri, c6 dang [10] :

P((B,L,hr) = *lJ(as*gls(v)d' (4)
4El .
pz ,,hr _hl 

.(it = - l[-. Lgdo (5)' 2o'i rj

trong d6 R, y - b6n kinh trung binh vd gi6 tri trgng
h1c chudn hung binh cfra Tr6i Ddt, ro - khoing c6ch
tinh theo ddy cung giiia didm x6t va didm chay trOn
mdt cdu, dro - phdn t& g6c nhin.

Met.tSt thut (S)

WM = const

G1 chinh ld 6nh huong cfra bd m6t dia hinh
hong gi6 tri di thudng trgng lqrc, c6 thd ldm gi6 tri
di thudng dQ cao ( thay ddi t6i 5-7 cm. Chinh vi
vAy, khi cdn dat d0 chinh x6c cao ciing nhu 6 vring
nfii, nhdt thidt phai rinh ddn f,nh huong ndy. Trong
truong hgp nguoc l4i c6 thd sr? dung c0ng thrlc
Molodenski & dang xdp xi bAc 0, d6 chinh li cong
thirc Stokes d6 duo. c bidt ddn tD rdt lau.

b) Trong trudng hgp xdc dlnh gi6n ti6p (
Trong tnrdng hqp niy cdn c6 sd liQu do GPS vi

sd liQu do cao thuf chudn kel hqp v6i sei liOu trong
lgc dgc tuydn do cao. Khi d6 sE tinh dugc hiOu ( =
(H - h) cho mot sef it "didm c(rng", ching han N
didm. Bdng c6ch srl dung c6c phuong ph6p nQi suy
kh6c nhau nhu : bing da thftc, him spline, kriging,
collocation..., c6 thdnOi suy c6c sdliOu d6 tt "didm
cfmg" sang cho didm xltbdt kj' duo.c bao quanh
b&i c6c "didm c(mg" [10].

Ngoii sd liQu do GPS vi do cao thuf chudn, cdn
c6 thd srl dung c6c sd liQu bd sung nhu : sd ligu di
thuctng trgng lqc trong mOt ph4m vi han chdnio d6,
sdliQu dO cao diahinh. Chfrng c6 khinlng "lim nhin"
mflt quasigeoid, do v6y cho ph6p don giin ho6 qu6
hinh nQi suy dd c6 thd dat t6i dQ chinh x6c cao hor.

3. Y€u cdu vd dp chinh xic ddi v6i s6 li6u do

a) Trudng hgp xdc dlnh trqc ti6p E
lJngvii(2) theo lf thuydt sai sd ta c6 :

4, = mzx +m/ (6)

Hinh 1. C6c thdnh phdn dq cao
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Dr,ra tren nguyOn t6c ddng inn nucmg, ta rfit ra :

ffinl
tfis=ffiC=T

Ndu yOu cdu cho sai sd do cao GPS tuong

duong v6i do cao thuf chudn, ta phii d4t didu kign

frnr

trong d6 p - sai sd trung phudng (tinh bing milimet)
tren I km dai, L - khoing c6ch tinh bSng kilomet
gifia hai didm x6t.

Thay (8) vio (7), ta nhan du-d. c :

IL
tllp = mE

Ddi v6i tung cdp hqng do cao thuf chudn ta de

bidt c6c gi6 tri p cu thd, changhan lr =5 mm, l0mm,
20 mm tucrng (mg vdi thuf chudn hang II, h4ng III,
hang IV. Ggi khoing c6ch gifia c6c "didm c(mg" vd

ttidm x6t ld I. ung v1i circ gi6 d L vd cic cdp hqng

thuf chudn kh6c nhau tac6 cic gi6 hi trong bdng I :

Bdns I . Gi6 tr! sal sd dq cao tr5c d[a vi d! thudng- d0 cao clln dAm bAo t3i di6m x6t

Cdp hang thui
chu{In tuong

duong

Khoing c6ch L(km)

(7)

(8)

cao chudn bing do cao GPS trrong duong thuf
chudn hang IIL '

b) Tntdng hgp x6c dinh gi6n ti6P C

Phuong ph6p noi suy duo.c chdp nhQn phd bidn

li nQi suy tuydn tinh. Gii srl c6 N "didm c(ng" i
phan bd c6ch ddu nhau vd c6ch d€u didm x6t M,
ddng ttrdi cilc gi6 hi di thumg dQ cao tai c6c "didm

ctng" c6 cring dQ chinh x6c ld m6i. Khi d6 ta s6 c6 :

,M

m-="-tM

Di thuctng dQ cao t4i c6c "didm cfrng" duo. c x6c

dinh theo sd liQu do GPS vd do cao thuf chudn kdt
hqp v6i do frong lgc doc tuyOh ften cd s& cOng thtc:

c, = Hi h! (11)

Sai sd hung phuong tuong fng bdng :

1,,,

2

n!
(r2)

604020

Hpng II 15,8 mm
Hcng III 31,6 mm
Hang IV 63,2mm

22,4mm 27,4mm
44,7 mm 54,8 mm
89,4 mm 109,5 mm

Di thudng d0 cao cdn duo. c x6c dinh truc tidp

theo sd liQu trgng luc trOn co s& srl dung c6c cOng

thfrc dd nh6c tdi & muc 2. Vdi muc dich niy, toan b0

bd mpt Tr6i Ddt thudng duo. c chia thenh 2 virng : d6

li ving cdn tn1c tidp bao quanh didm x6t vi vring xa

ld toin b0 phdn cdn lai. Sai sd x6c dinh thdnh phdn

di thudng d0 cao theo sd liQu trgng lqc trong ving
gdn dd duo. c chfing tOi d6nh gi6 trong [71. Theo d6'

n6 c6 tri sd khOng lon hon 0,03 m ndu ving gdn c6

b6n kinh xdp xi 200 km vd mQt dQ didm tro.ng.llrc

trong d6 khOng thdp hon 1 didm/100 km" Anh

hu&ng cria ving xa duo. c nOi suy tuydn tinh tt c6c

"didm cfng" sang cho didm x6t vdi sai sd khong

vudt qua 0,02 m [9], ndu c6c "didm c(mg" nim
c6ch nhau khOng qu6 50 - 60 km. Tdng hqp lai, sai

sd cfra di thudng d0 cao theo s0 hO.u trqng lu.c trong

cic didu kiQn vr)a nOu s6 c6 tri sd nh6 hon 0,04 m.

Ddi chidu vdi sd liQu nOu trong bing l, ta thdy dO

chinh x6c ndy tdong img vdi yOu cCu x6c dlnh dQ
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hlM = HM Ca

D4t yOu cdu ml, < pJL v6i L li khoing c6ch

ti didm x6t M t6i "didm ctng" i, ta c6 :

^?,, = *2nu * ^?, < p2L (15
n'M

Cing theo nguy€n t6c ddng frnh hu&ng, suy ra :

IL
^o, = meu 3 ,l; (16

Sau khi thay (16) vdo (13), ta s6 rtt ra :

mH; = ^nr3 +JNL Q7

Cho N = 4, tlng vbi cic gi6 tri L cg thd' ta sl

c6 chc sd ligu tinh theo (17) neu ttong bdng 2 .

Cdc yOu cdu vd sai stf dq cao tr6c dia cdn b6'

dim tai didm x6t hoin toin gidng nhu d6 nOu hon

bing 1.

(l4l

1N:s/.
rt Lt)t
lY i=l

lflr.

F

m(i = m2r, + m

Cfing theo nggyOn t6c ddng intr trucmg, sau khi

thay m6i = mqr,,rJN tu (10) vdo (12), ta c6 :

lN/mHi = ^o{ = .t"l; (13)

DQ cao chudn c&a didm x6t M s6 nh6n duo. c

theo bidu thrlc :
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SUMMARY

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

traditlonal levelllng

Based on the conception of GPS - levelling, the
author consklers two different variants for.'lts realiza-
tion. In one variant the height anomaly is proposed
to be determined directly by use of gravimetric datia,

and in the other case - to be interpolated from the
points with known geodetic and normal height values.
Accodingly there are rccommended requirments to
GPS, levelling and gravimetric datra for providing
GPS - levelling with accuracy of traditional levelling
of fourth to second order.

There is shown that GPS levelling with an

accurilcy of 3d order traditional levelling in Vietnam

iqquite realizable now. ln this case GPS points should
tiAve known geodetic and normal height values with
same aocuracy no lower than 4 cm and evenly enough
located at the distance of 50-60 km around a consi-
dered point. ln addition, within an about 200 km cap
s2e there should be provkJed gravity anomalies with

density no less than 1 poinU100 km2.
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