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ABSTRACT

In traditional survey, the difference in height between two points is
determined by geometric levelling method, which is suitable in case of
short distance between two points. When the distance between two points
is hundreds of km long, the cost of surveying may become very high. In
this paper, two other methods for calculating the difference in
height between two points will be introduced. Based on GNSS received
data, differences in height are calculated by two methods: (1) subtracting
two equipotential surfaces at two points or (2) subtracting the elevations
of two points. An experiment was conducted (at Nha Trang and Ho Chi
Minh city) in order to verify given formulas. Results showed that errors
are acceptable as they do not exceed Acceptable Error Limits, given by
Technical Normative Standard, and hence, GNSS would have been a
better choice than Geometric Levelling method in some cases.

TOM TAT

Trong cong tac do dac truyén thong, dé xdac dinh chénh cao giita 2 diém
can phai thuc hién do thiy chudn hinh hoc, véi phirong phap do nay, khi
khodang cach giira 2 diém xa (hang tram km), chi phi sé rdt Iom. Trong bai
bdo nay, nhém tac gia dé cap dén 2 phwong phdp khéc d@é tinh chénh cao
gitta 2 diém. Diém ddc biét ciia 2 phirong phép nay la sur dung két qua do
GNSS dé tinh chénh cao thong qua: (1) tinh hiéu sé thé gitta 2 mat ding
thé di qua 2 diém hay (2) tinh hiéu do cao qua viéc xi Iy so liéu do tuyét
doi (twong doi). Hai diém do thwc nghiém dwoc dp dung tai Thanh pho
Ho Chi Minh va Nha Trang, hai phwong phdp trén cho cing gia tri chénh
cao va sai $6 nam trong mirc cho phép. Két qua ndy cho thay, trong mét
$6 trieong hop, cé thé sir dung GNSS thay thé cho phiong phdp do chénh
cao thiyy chudn hinh hoc.

Trich dan: DS Minh Tuén va Huynh Nguyén Pinh Qudc, 2019. Co s¢ 1y thuyét xéc dinh chénh cao gita cac
diém. Tap chi Khoa hoc Truong Pai hoc Can Tho. 55(5A): 32-36.

1 PAT VAN BE

Gia sur vi Iy do nao d6, xung quanh cac diém can xac
dinh chénh cao khong c6 cac diém do cao Nha nudc,

Trong thuc té, dé phuc vu cong tac khao sat trong
linh vuc Tric dia, nhidu khi phai thuc hién viéc x4c
dinh chénh cao gitra 2 diém chua biét d6 cao trén
mat dat. Viée xac dinh chénh cao thuong dugc thuc
hién bang phuong phéap do thity chuan hinh hoc tir
céc diém da biét d6 cao trong ludi 6 cao Nha nude.
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hodc dia hinh phtre tap thi viée sir dung phuong phap
do thuy chuin dé xéc dinh d cao cac diém do rat
t6n kém. Dé giai quyét van dé trén, bai bio nay dé
cap dén hai phuong phéap xéac dinh chénh cao giira 2
diém.
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2 PHUONG PHAP THUC HIEN a: Ban tryuc 16n cua kich thude Trai dat.
2.1 Sir dung cong ngh¢ Global Navigation Tir cong thire (1.1) trén, dé dang tinh duge do
Satellite System — GNSS cao tric dia:
MJdi lién hé giita hé toa do vuodng goc khong gian [r—
dia tam (X, Y, Z) voi h¢ toa do trac dia (B, L, H) H _NXTHYT
dugc thé hién qua Hinh 1 va cong thirc sau (Ddng cos B (1.2)
Nam Chinh va B Ngoc Puong, 2001):

Trong Tric dia vat ly, d6 cao Tric dja duoc tinh
theo cong thurc:

P(X Y 2)

! H=0"+¢=HS+N  (13)

Véi:  H: D6 cao tric dia.

H¢#: DG cao chinh.

H’ : Do cao chuan (d6 cao binh thudng).
¢ : Di thuong d6 cao.

N: D6 cao Geoid.

Greenwich

Meridi 4 ‘
e Cong thtrc (1.3) thé hién moi quan h¢ cia cac hé
Hinh 1: Mbi lién h¢ giira h¢ toa d9 khong gian d0 cao trong trac dia thong qua Hinh 2 bén dudi:
dia tAm va h¢ tga d§ trac dia Mat ddt thicc

o~ N

N+

( ) cos B.cos L ‘ H'
(N ) os B.sin L (1.1) "
2

C Quasigeoid
L
={N (1 —e ) } sin B
a N
Trongdd6 N=-—————: Ban kinh cung Elippsoid
/ 2 .2
l-e”.sin” B i i
phép tuyén thtr nhat. Hinh 2: Moi quan h¢ giira cac h¢ do cao trac dia
Véi: e Tam sai thi nhét. Nhu vay, cong thirc tinh chénh cao giita hai diém

A va B (Hofmann-Wellenhofet al., 2006):

Ah:HA—HB=(Hf;+§A)—(H§+§B) (HZ—HB) (¢4-¢5) (1.4)

Di thuong do cao tai hai diém A va B tinh duoc dung mot mo hinh trong truong Tréi dat nao do, vi
bing nhidu phuong phap khac nhau. Van dé & chd du EGM 2008. Khi do, di thuong do cao tai 1 diem
1a khu vue d6 ¢6 s lidu trong luc v6i mat d can €0 toa dd cau s& dugc tinh theo cong thic
thiét hay khong. O day, dé don gian ching ta sé s (Hofmann-Wellenhof ez al., 2006).

7

REF
GM N[ a n - - —
S(ryp,A) = > ( j k;o(Aan cos kA + ASpk sin kA)Pnk (cos @) (1.5)

Trong d6: Gam ** : Hang s hap dan, twong ng

. . , .C Vi AC nk ; AS nk : Hé sb diéu hoa duoc dinh mirc
vdi trong truong cua Ellipsoid tham chiéu.

hoa cta thé nhidu 7 cip do n va thir hang &, nhén

a *EF: Ban kinh tryc 16n cua Ellipsoid tham dugc bang cach loai trir cac hé s trong trudng chudn

chiéu. tr cic hé s6 clia trong truong thuc trai dat twong (mg.

N : Cap d6 16n nhét ctia hé s6 didu hoa. 7 : Gia tdc trong trudmng chuan trén mat Ellipsoid
tham chiéu.
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Toa dd cau r, @, A nhan dugc theo cong thire:

r=Nx2 v 22 (1.6)

wiz=t (1)
X

V4
8Y0=—FT———
\IX2+Y2

Nhur vay, ching ta hoan toan ¢6 thé st dung cong
nghé GNSS vao viéc xac dinh chénh cao giita 2 diérp
thay vi phai st dung cong ngh¢ do cao hinh hoc rat
ton kém. DY chinh xac cua phuong phap nay phu
thudc vao 2 yéu to:

- Thi nhét: Do chinh xé4c xac dinh toa do cua
diém A va B.

— Thir hai: DY chinh x4c xac dinh ¢ ,; {5 . Yéu
t6 nay phu thudc vao do chinh xac ctia méd hinh
Geoid cuc bd hodc mo hinh trong truong toan cau
duoc ap dung.

2.2 Xic dinh chénh cao biang hiéu s6 thé

i Theo 1y thuyét Tréc dia vat 1y, d6 cao chuén tai
diém A, B dugc tinh theo cong thirc sau (Hofmann-
Wellenhofet al., 2006; Hoa, 2013):

C Wo —W C Wy —-W
1};:/1_0 AH£=—B=O B 2.1)
74 74 7B 7B
Trong d6:  Wo: Thé trong truong thuc trén mit

Geoid, 1a dai lugng da biét dbi v6i mot mo hinh
trong truong trai dat nao do, vi du véi EGM-2008,
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W, = 62636847,2911£0, 183m2s 2
Wellenhofet al., 2006).

(Hofmann-

Wa: Thé trong trudng thyc tai diém A.
Wa: Thé trong trudng thyc tai diém B.
va: Gia toc trong truong chuén tai diém A.
vp: Gia tdc trong truong chuan tai diém B.

Céc dai lugng Ca; Cp dugc goi 1a s thé tai diém
A vaB.

Gia toc trong trudong chuan dugc tinh theo cong
thure:

v =70+ fsintg)  (2.2)

Trong do:  y,: Gia tc trong truong chuén tai

cuc.

f : Do det trong luc.

Chénh cao gilra 2 diém A va B 1a khoang cach
gitra 2 mat dang the di qua A va B:

Wg —Wy _ ) (2.3)

7l _
Hp - Hy =
7B 74

Diéu can luu ¥ 1a chénh cao chuén, tirc 1a chénh
cao hinh hoc cong vé6i sé hiéu chinh, do 2 mit dang
thé di qua diém A va B khong song song v&i nhau,
chung duogc tinh theo cong thitc (Hofmann-
Wellenhof et al., 2006)

2
w PIP 4,P, ZA kA+ B, sinkA)P 2 2 sin? (2.4)
y (o, 2) = 0 T (cos @) + ( Lk COSkA+ B, sin ) ik (€08 9) +7r sin” @

Cachéso 4,, 4 Lk Bn i 0 thé dugc tinh theo

mo hinh Geoid cuc b(f) nao do, hoac sﬁ dung mo hinh
trong truong trai dat nao do da biét, vi du EGM-
2008.

V& ban chit, do cao thuong tai dNiém B dugc tinh
nhu sau (Pang Nam Chinh va Do Ngoc Duong,
2001; Hoa, 2013):

=g len  (25)
Tm
Chi tiét hon:

1 B 1
HY = Jdh+—5 [(rg 7o Ydh+—5 [dgah ~ (2.6)
Ym m

Trong do:

)/’5 : Gia tri trung binh cua gia tdc trong truong

chuan doc theo duong dudng sirc tai diém B.

Ag : Di thudng trong lyc chan khong tai diém B.

Trong cong thirc (2.6), s0 hang dau tién dugc
hiéu nhu do cao cua diém B, d6 cao nay nhan dugc
bang do chénh cao hinh hoc. S6 hang thir 2 va tha 3
thuc chét 14 s6 hiéu chinh do cac mit dang thé khong
song song v6i nhau, chung c6 gia tri khong 16n 1dm.
Trong truong hop khong doi hoi d6 chinh xac cao,
s6 hiéu chinh c6 thé bé qua va chénh cao hinh hoc
¢6 thé duoc mic nhién cong nhan nhu chénh cao
chuén.

3 THUC NGHIEM

Dé o co so kiém tra tinh dung dan ciia cac van
dé trén, 2 diém gbc da biét do cao dwoc chon tai
Thanh phé H6 Chi Minh c6 d6 cao thily chuan
22,523 m, 1 diém duoc chon tai Thanh phd Nha
Trang (Khanh Hoa) c¢6 do cao thuy chuan 15,311 m.
Ca 2 vi tri duoc bd tri may GPS 2 tan sd dé do khao
sat, dugc xac dinh theo phuwong phap PPP (Precise
Point Positioning — Pinh vi diém chinh xac). Dit liéu
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dugc do trong vong 24h. Két qua sau khi dugc xir Iy
nhu sau:

Toa do diém tai Thanh phd HO Chi Minh:

GPST X(m) Y(m) Z(m)
sdx(m) sdy(m) sdz(m)

2019/01/02 -1798738.0849  6002054.9455
1187968.8092 0.9023 1.4740  0.7195

Toa d6 diém tai thanh phd Nha Trang:
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GPST X(m) Y(m) Z(m)
sdx(m) sdy(m) sdz(m)

2019/01/02  -2047968.5433  5887887.1880
1344372.2007 1.2431 1.9766  0.8629

Str dung cong thirc chuyén doi tir toa d6 vudng
goc khong gian dia tim (X, Y, Z) sang toa do tric
dia (B, L H) (Piang Nam Chinh va D6 Ngoc Puong,
2001) cho 2 diém khao sét tai Thanh phé HO Chi
Minh va Nha Trang, két qua chuyén ddi duoc thé
hién 6 Béng 1.

Bang 1: Toa d9 tric dia diém tai Thanh phé H6 Chi Minh va tai Thanh pho Nha Trang

TP. HCM D) Phiit Gidy N.TRANG Po Phut Gidy
L 106 40 58,052 L 109 10 44,672
B 10 48 22,607 B 12 14 57,543
H 21,3059 m H 21,6531 m

Dua vao gia tri kinh vi d6 cua diém tai Thanh
phé HCM va diém tai Thanh phd Nha Trang (Khanh
Hoa), st dung mo hinh EGM2008 (International
Centre for Global Earth Models (ICGEM)), xac dinh

gia tri di thuong do cao lan luot 1 -3,348 m va 4,082
m.

Tir cong thie (1.4), chénh cao tinh tr d§ cao
chuan tai Thanh pho H6 Chi Minh va Thanh pho
Nha Trang:

Y _n? y o _ -
A = HY o = HN g = Hyens = Hyp +Enr = Spon = 21.3059 - 21,6531+ 4,082 — (-3,348) = 7,0828m

Theo gié tri thé nang (Hoa, 2013):
Thé trong trudng thue diém tai Thanh phd HO
Chi Minh va Nha Trang lan lugt:

2
Wrcpy = 62636610.55105m

Wyt = 62636679.8277m2.s_2

2

.S

Gia tdc trong truong ch}lén tai Thanh phd Ho
Chi Minh va tai Nha Trang lan luot:

YHCeym = 978212.68242.mGal
ynT = 978261.10788.mGal

Chénh cao giita 2 diém tai Thanh ph HS Chi
Minh va Nha Trang theo cong thirc (2.3):

14 Wy Wi =W,
HCM =70 _NT 710 _ 5 5.,
YHCM YNT

4 Vo
Hrem —Hnr =
Nhu vay, chénh cao tinh tir d§ cao chuén va
chénh cao tinh theo gia tri thé nang déu cho két qua
giong nhau.

‘Chénh cao thily chuén giita hai diém tai Thanh
pho H6 Chi Minh va Thanh pho Nha Trang:

tc tc tc
AR = Higepy — Hyp =22,523-15,311=7,212m

Két qua trén cho théy, gia tri chénh cao thuy
chuan 1€ch so véi chénh cao theo gié tri thé nang va
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chénh cao theo do cao chuan khoang 0,2 m. Véi
khoang cach tir Thanh phé H6 Chi Minh dén Nha
Trang khoang 500 km, theo quy pham thity chuan
hang IV thi sai s6 khoang 0,45 m. Nhu vy, viéc sai
léch 0,2 m so v6i quy pham thiy chuan hang IV thi
hoan toan chip nhan dugc (dbi véi khoang cach xa
hon 100 km). Tuy nhién, néu khoang cach ngan hon
100 km thi do 1éch trén co thé khong théa man do
chinh xac yéu cau.

4 KET LUAN

Nhu véy, bai bao da trinh bay 2 phuong phap dé
tinh gia tri chénh cao (1) tinh hi¢u sé thé giiva 2 mt
ding thé di qua 2 diém va (2) tinh hig¢u dé cao qua
vige xir Iy so ligu do tuyét doi (twong doi) dwa vao
két qua do GNSS. Uu diém tuyét ddi cta 2 phuong
phap nay 1a thay vi phai dan thiy chuén hinh hoc rat
ton kém trén mot khoang cach 16n (khoang hang
tram km), ta chi can biét toa d6 vudng goc khong
gian dia tAm cia hai diém d6 (xac dinh bang cong
nghé GNSS), sau d6 thong qua mo hinh Geoid cuc
bd nao d6 ¢o6 d6 chinh xac cao hoac mo hinh trong
truong trai dat toan cau nao do thich hop véi khu
vyc d6 nhat (EGM2008, EIGEN, GOCE, ...)),
chung ta hoan toan c6 thé biét dugc chénh cao giita
hai diém (theo cong thirc (1.4) va (2.3)). P6 chinh
xac cua phuong phap nay, nhu da néu & trén, phu
thudc chu yéu vao md hinh Geoid dugc st dung.
Trong bai bao nay, mo hinh EGM2008 dugc st
dung, c6 do chinh xac vé do cao khoang 0,3 m cho
lanh thd Viét Nam; dé c6 do chinh x4c cao hon can
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st dung mo hinh Geoid cyc b¢ cho lanh thd Viét
Nam.

Mic du d6 chinh xac con han ché, nhung 2
phwong phap néu trén rit co ¥ nghia trong thuc té. 2
phuong phap vira trinh bay ¢ trén 1a thich hop nhat
v6i nhiém vu kiém tra do tin cay cua 2 méc do cao
gbc (hodc s6 mbe gbe nhiéu hon), chung c6 thé bi
lan, bi dich chuyén (hién tugng thuong xuyén xay
ra trong thyc té).
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