PROSPECTING FITNESS OF VN-2000 DATUM TO EGM2008

Chon Le Trung, Vu Trinh Dinh*

! HCMC University of Technology, VNU-HCM
268 Ly Thuong Kiet, District 10, Ho Chi Minh City, Viet Nam
Email: ltchon@hcmut.edu.vn; trinhdinhvu@hcmut.edu.vn

ABSTRACT

Based on the Earth Gravitational Model EGM2008 with Iminx1min resolution, this paper presents the fitness of
the VN200O0 datum oriented by using transformation parameters published by the MONRE. The results showed
that VN2000 datum is better than WGS84 datum in Vietnam territory . As the authors suggest ignoring the
influence of the three rotation angles, so the conversion VN2000 and WGS84 reference system is simpler to
translate and scale the coordinate system.
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1. INTRODUCTION

The shape of the earth is very complex. Geoid is defined as a physical equipotential surface
that represents the shape of the Earth, which is also used to determine the surface elevation of
a point in space. Distance according to the plumb line from one point to Geoid called
orthometric height H. Since geoid surface is not mathematical surface, ellipsoid is used to
determine the coordinates of point with latitude B, longitude L and geodetic height h. The
distance between the geoid and ellipsoid known as Geoid height N, is expressed through the
following equation:
h=H+/J 1)

A reference system (geodetic datum) is based on conditions that match the following
equation:

D ¢t =min 2)
i=1
Depending on the data N; of the equation (2), global datum (as WGS84) or local datum (as

VN2000) will be defined. The transformation of coordinates from a global datum to the local
datum is performed by the Bursa-Wolf formula [1]:

X X As o, -o,|X AX
Y =Y +-w, As o, |Y +| AY (3)
Z VN 2000 Z WGS84 Wy, O As | Z WGS84 AZ

On 27/2/2007, MONRE announced 7 parameters transformation of coordinates by decision
05/2007/QD-BTNMT [2] as following: AX = -191.90441429m; AY = -39.30318279m

AZ = -111.45032835m; wx = -0.00928836”; oy = 0.01975479”; wz; = -0.00427372”; AS =
0.252906278*10°°
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Figure 1. The relationship between the geodetic height above the ellipsoid WGS84 and
VN2000

According (1): hNGSS4 =H+ §W6884 and h\/N 2000 — H+ CVN 2000 =7 gVN 2000 — §WG584 —AL 4)
With AZ - distance from Ellipsoid VN2000 to WGS84.

Otherwise:
X = (N +h)cos B cos L
Y = (N +h)cosBsin L (5)
Z =[N@-e?)+h]sinB

With N = S S radius of curvature in the prime vertical

V1-e?sin’B

VXZ+Y? a
cos B J1-e%sin’B

Earth Gravitational Model EGM2008[3]: The official Earth Gravitational Model EGM2008
has been publicly released by the U.S. National Geospatial-Intelligence Agency (NGA) EGM
Development Team. This gravitational model is complete to spherical harmonic degree and
order 2159, and contains additional coefficients extending to degree 2190 and order 2159.
Full access to the model's coefficients and other descriptive files with additional details about
EGM2008 are provided in website of NGA.

AI"Id I_ = arCtan(%j , B = arctan{Z—i_NeZSinBj and h = (6)

VX24+Y?

EGM2008 2.5 Minute Geoid Heights

Figure 2. EGM2008 2.5 minute geoid heights

Instructions for authors



2. PROCESS AND DATA PREPARATION

From the model EGM2008, the authors determined 1.0 minute geoid heights in WGS84 of
Vietnam's territory consists of land, sea and islands (see Figure 3) with geodetic coordinates
(in WGS84) are shown in Table 1.
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Figure 3. EGM2008 1.0 minute geoid heights in Vietnam’s territory

Table 1. Geodetic coordinates (in WGS84) of Vietnam and neighboring territory.

No Latitude (Degree) Longitude (Degree)
1 23.893 105.298
2 22.818 107.223
3 21.488 108.468
4 17.931 108.467
5 17.922 113.619
6 13.744 117.048
7 09.819 117.048
8 08.259 108.897
9 08.259 103.262
10 11.278 103.262
11 12.687 107.086
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12 15.404 107.086

13 19.178 103.614
14 20.285 104.168
15 21.291 102.105
16 22.901 102.105

Using above formula (3),(4),(5),(6) and parameters transformation from WGS84 to VN2000
we used 458 909 points from 1°x1” grid to processing. The result is as following:

+ In WGSB84: The maximum geoid height {ygse, =+40.12m, the minimum geoid height

s =—35.34m ) , the average of geoid height ¢\css, =0.80m and standard
deviation oy, =18.67m

+ +In VN2000: The maximum geoid height %00 =+8.62m, the minimum geoid height

min

0o =—0.13m) , the average of geoid height £, ,4,, = 0.4m and standard deviation
Oun 2000 = 2-90M (see Figure 4)
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Figure 4. EGM2008 1.0 minute geoid heights in VN2000

In addition, we found that the range geoid height in the VN2000 reduced 5 times compared
with WGS84 (from 75.455m to 14.743m); standard deviation decreased by nearly 6.5 times.
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That suggests that the VN2000 (WGS84 ellipsoid used) are positioned fitting within model
EGM2008 than WGS84.

In Figure 3 and Figure 4, geoid height changes over four levels in order of decreasing color:
red, yellow, blue, dark blue. In particular, the red and yellow is presented in case geoid is
higher than ellipsoid; and blue and dark blue - geoid is lower than ellipsoid and the
boundaries of the blue and yellow is a intersection between the geoid and ellipsoid.

Because the value of the rotation parameters (e, ay, @) published by MONRE is quite small
(less than 5*107 arcs of second), so we examined the problem of datum transformation under
the following cases:

+ 7 parameters

+ 4 parameters (without angle rotation, ax=ay=®,=0)

+ 3 parameter (without angle rotation and ratio, am=@,=@,=As=0)

Using the formula (3),(4),(5),(6) again, the result is in the table 2

Table 2. The suitability of VN2000 according to the coordinate’s transformation

parameters
é/vnrzligooo (m) SN 2000 (M) W 2000 (m) Oun 2000 (M)
pararzeters 6.126 8.617 0.4 2.90
pararﬁeters 6.126 8.617 0.4 2.90
pararfleters -4.513 10.230 12 2.90

From Table 2, it is found that, ignoring the rotation parameters (rotation angle is quite small)
will not affect the local ellipsoid positioning. Meanwhile, if the removing additional 4th
parameter (parameter ratio), the result will be worse. The mean of geoid heights is changed
from -0.4m to 1.2m and the distance between the geoid and the ellipsoid will be larger than
the previous cases.

On the other hand, when using 4 parameters instead of using 7 parameters, the maximum
deviation in the latitude component is 2x10° degrees (equals to 0.2m on the Earth surface),
longitude component is 4x10°® degrees (equals to 0.4m on the Earth surface) and in the geoid
height component is only Imm. This allows users should not use parameters of rotation to the
transformation from WGS84 to the VN2000. In that case, the transformation of baselines
processed from GPS carrier measurements (in WGS84) to VN2000 is quite simple by using
the formula :

dxij dXij
dv; =(1+As) dY; (7)
i dz.
I _vN 2000 I lwcss4
With dX;;,dY;,dZ; —baseline vectors processed from GPS carrier measurements

4. CONCLUSION

The results of the comparison between the geoid height in WGS84 and VN2000 shows that
the repositioning reference ellipsoid in VN2000 system is necessary and in accordance with
Vietnam's territory. However, the mean of geoid heights not so good when it is near 0.5
meters.
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On the other hand, the authors suggest ignoring three parameters of angle rotation when using
transformation parameters announced by MONRE. This is useful when using GPS
technology to establish geodetic network. The calculation of baseline from WGS84 to
VN2000 is simply to plus it with (1+As), is convenience for calculator. On the other hand, the
transformation of geodetic coordinates B, L, h would be less complicated by just using the
standard Molodensky’s formula, instead of using Molodensky‘s formula with 7 parameters or
Bursa-Wolf’s formula.
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