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Abstract
In Vietnam, when creating large-scale topographic maps using Global Navigation Satellite Systems (GNSS) technology combined with 
Continuously Operating Reference Stations (CORS) and traditional electronic total station measurements, there will be shifts in both 
horizontal and vertical positions. To address this issue, we perform map adjustments by updating the map in an assumed coordinate 
system. In the assumed coordinate system, the shapes and elevation differences of the changed objects are accurately observed to meet 
the requirements corresponding to the map scale. The coordinates and elevations of clear points on the map or control points in the 
field obtained from different methods have differences that are larger than the permissible values according to the map scale. Applying 
a 2-dimensional coordinate transformation and the geoidal height calculated for each point with its weight, the coordinates and 
elevations of the points can be computed in a unified coordinate system.
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1. Introduction
Currently, Vietnam’s Ministry of Natural Resources and A 

map is a scaled-down image that provides a generalized depic-
tion of a large part of the Earth's surface on a plane applying 
various map projection methods. A topographic map is a type 
of general geographic map, of which the contents include in-
formation about natural elements such as terrain, hydrology, 
vegetation cover, and elements related to economy, culture, and 
society such as population, road systems, bridges, service facili-
ties, public works, and administrative boundaries [1], [4].

In Vietnam, when creating large-scale topographic maps, 
an optimal solution that is being widely applied is the com-
bination of GNSS/CORS technology and electronic total sta-
tions. The electronic total station is highly reliable, flexible, 
and efficient in residential areas and vegetated areas. In con-
trast, GNSS/CORS technology, such as Real-Time Kinematic 
(RTK) or Virtual Reference Station (VRS), enhances the ac-
curacy and increases the distance from the base station. Addi-
tionally, RTK is advantageous in providing quick observations 
and economic efficiency in open areas, without relying on the 
construction of control networks. However, GNSS/CORS 
technology is based on the international WGS-84 coordinate 
system and ellipsoidal heights, while topographic maps are 
created on the national coordinate system of Vietnam (VN-
2000) using the UTM reference system and leveling heights.

Despite its advantages, the VN-2000 system is not yet a 3D 
coordinate system and is not connected to the International 
Terrestrial Reference Frame (ITRF). This limits the exploita-
tion of GNSS technology in determining spatial positions, 
data acquisition and sharing, and international cooperation 
to solve regional and global problems. Additionally, GNSS/

CORS technology provides ellipsoidal heights with the refer-
ence ellipsoid, but the Vietnam national height system uses 
normal heights with the reference quasigeoid. To apply GNSS/
CORS technology in height measurement, the difference be-
tween the quasigeoid and the ellipsoid at each point must be 
known. This requires a local quasigeoid model at the study 
area with sufficient accuracy for using GNSS/CORS technolo-
gy as a replacement for traditional leveling methods [5].

In this study, a theoretical and experimental research is 
conducted to draw specific conclusions about the solution of 
combining surveying technologies in the creation of large-
scale topographic maps in Vietnam. This is a new direction 
resquiring more extensive research and serious evaluation in 
practical production to best utilize the advantages of the var-
ious surveying methods in the creation of topographic maps 
in Vietnam.

2. Synchronization of topographic observation data
2.1 Coordinate Transformation between GNSS/CORS and 
ITRF

The transformation of the GNSS/CORS coordinates to the 
ITRF coordinate system ensures the consistency and accuracy 
of geographic data worldwide. The coordinate transformation 
between ITRF reference frames (ITRF, 2019) or between the 
VN-2000 coordinate system and ITRF is carried out using the 
general formula [6] as follows: 

 (1)

where X(2) and X(1) are the coordinate vectors in the VN2000 
and ITRF systems, respectively, T is the translation vector be-
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tween the origions of the two systems, D is the scale factor, R 
is the rotation matrix about the axes in radians [7].

 (2)

Since the value D.RT is a small quantity, the second-order 
term can be neglected, and therefore (1.1) can be written as:

 (3)

2.2 Conversion of the elevation of topographic points mea-
sured using GNSS/CORS technology to leveling height

There are different methods for height anomalies interpo-
lation, in which polynomial, kriging, collocation, and spline 
interpolations are commonly applied. In this study, we apply 
the polynomial interpolation method for each measurement 
point by adding weighting factors, which are the inverse dis-
tances to the common points.

2.2.1 Interpolation of height anomalies using the polynomial 
model

In order to interpolate height anomalies, common points 
with known grid coordinates (x, y), ellipsoidal heights (H), 
and leveling heights (h^γ) are required, based on which the 
height anomalies can be calculated [3]:

  (4)

Those points with both known ellipsoidal and leveling 
heights are termed as common points in this study. GNSS 
technology provides us with highly accurate ellipsoidal 
heights, but leveling heights are needed in practice. Therefore, 
the transformation from ellipsoidal heights to leveling heights 
is needed, which can be conducted using a global geoid mod-
el, such as OSU91A, EGM-96, or EGM2008. However, practi-
cal experiments indicated that global geoid models have low 
accuracy in Vietnam. Additionally, an accurate local geoid 
model has not been published so far in Vietnam.

 To enhance the accuracy of height measurement using 
GNSS/CORS technology in the creation of topographic maps, 
we propose using high-precision level points in the survey-
ing area to create a local geoid model by which to adjust the 
heights measured by GNSS technology. Based on the coor-
dinates of points measured using GNSS technology (X, Y, 
Z) and leveling heights measured accurately in the national 
height system, we generate a geoid model at each surveyed 
point to transform the ellipsoidal heights to leveling heights 
as in [3]:

 (5)

Depending on the number of existing common points in 
the surveying area, the local geoid model takes the form of 
a polynomial of zero-, first-, second-, or  third-degree. The 
equation of the height anomaly is of the form:

 (6)
 

where ζi is the height anomaly of the point located at the co-
ordinates xi , yi. The specific polynomial forms of the height 
anomaly are as follows:

With 3 common points, the first-degree polynomial func-
tion is used to calculate 3 coefficients ζ0, A, B. With 6 com-
mon points, the second-degree polynomial function is used, 
and with 10 common points, the third-degree polynomial 
function is used. When the number of common points ex-
ceeds the number of coefficients, the least squares method is 
employed to calculate the coefficients.

Taking ζ as the measurement with n common points, the 
system of measurement equations is formed as follows (for 
first-degree polynomial) [3]:

 (7)

 
(8)

Then, we can derive the system of correction equations:

 (9)

where vi is the correction for the anomalous height measure-
ment ζi. With the number of common points exceeds the 
number of unknowns, the least squares method is applied 
([vv]=Min) to form the system of normal equations [2]:

 (10)
 

In the matrix form: 

We can then solve the parameter vector X and the uncer-
tainty of the interpolation model:

 (11)

 (12)

Using the obtained model parameters to calculate the 
anomalous height for any GNSS measurement point P with 
coordinates (xP, yP) by Equation (11). In solving for the 
geoid model parameters, we consider the different influenc-
es of common points on the correction for each point. Spe-
cifically, for each measurement point, we calculate its own 
model parameters with weights assigned to common points 
as inversely proportional to the distances to the measurement  
point:

Pi = 1/Si or Pi = 1/Si2.
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2.2.2. Transformation between WGS-84 Geocentric and VN-
2000 Grid Coordinates

With the coordinates of points (X, Y, Z) measured using 
GNSS technology in the global geocentric coordinate system 
WGS-84, we first transform them to the geocentric coordi-
nates X1, Y1, Z1 in the VN-2000 coordinate system, and then 
to the geodetic coordinates B, L, H. Finally, the derived coor-
dinates B, L are converted to grid coordinates using the UTM 
projection. At the same time, ellipsoidal heights are converted 
to leveling heights [3]: 

(XYZ)WGS-84 ---> (XYZ)VN-2000 ----> (BLH)VN-2000 
---> (xyh)VN-2000

The transformation formulas are as follows:
a. Transformation of geocentric coordinates from WGS-

84 to VN-2000

 (13)

where k is the scale factor, ω0, ψ0, ε0 are the Euler rotation 
angles about the X, Y, Z axes, and ΔX0, ΔY0, ΔZ0 are the co-
ordinates of the center of the international WGS-84 system in 
the VN-2000 system. 

b) Conversion from geodetic coordinates (B, L) to grid 
coordinates (x, y)

According to [3], we have:

(14)

 

(15)

c) Conversion from grid coordinates (x, y) to geodetic co-
ordinates (B, L)

According to [3], we have:
  

(16)

 (17)

where X is the length of the meridian arc determined based 
on the known latitude B, N is the radius of curvature of the 
prime vertical. The coefficients l, M, N, t, h are calculated as 
follows:

Fig. 1. Workflow of coordinate transformation and conversion of GNSS/CORS points
Rys. 1. Proces transformacji współrzędnych i konwersji punktów GNSS/CORS
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e and e’ are the first and second eccentricities, a is the semi 
major axis of the Ellipsoid.

d) Conversion from geodetic to geocentric coordinates
To convert from the geodetic coordinates B, L, H to the 

geocentric coordinates X, Y, Z of a point within the same co-
ordinate system, we use the following equation [3]:

 (18)

e) Conversion from geocentric to geodetic coordinates
According to [3], we have:

 
(19)

2.2.3 Transformation of coordinates measured by GNSS/CORS 
technology

The transformation of 2D coordinates from the first sys-
tem (xoy)1 to the second system (xoy)2 is carried out using 
the Helmert transformation [2]:

  (20)

which can be rewritten as:

  (21)

with the notations

(22)

we can from a system of correction equations as:

 (23)

Thus, we have a system of correction equations with 4 un-
knowns, which requires at least 2 common points to solve for 
the unknowns a, b, c, d.

2.3.4 Workflow of 2D coordinate transformation
The process of coordinate transformation and conversion 

of GNSS/CORS points to grid coordinates and leveling eleva-
tion is performed according to the workflow shown in Figure 1.

3. Experiment
3.1 Study area, data used, and instrument

The study area is located in Mu Cang Chai district, Yen 
Bai province, with an area of 400 km2. Mù Cang Chải is a 
highland district located in the western part of Yen Bai Prov-
ince. It is 185km away from the provincial center and 365km 
away from the capital city of Hanoi. The district covers an area 
of 120,095.83 hectares, most of which is mountainous terrain 
originating from the Hoang Lien Son mountain range. This 
includes many successive mountain ranges running in the 
northwest-southeast direction, with streams and valleys be-
longing to the Red River and Da River basins between them. 
The lowest absolute elevation is the Cao Pha field at 650m, 
and the highest is the Lung Cung peak in Nam Co commune 
at 2,963m above sea level. The terrain is heavily dissected, cre-
ating long slopes with an average gradient of 300m, though in 
some places it reaches over 450m. It borders Van Ban District 
of Lao Cai Province to the north, Muong La District of Son La 
Province to the south, Van Yen and Van Chan Districts to the 
east, and Than Uyen District of Lai Chau Province to the west. 

The study area covers approximately 400km2, encompass-
ing the Mo De, Che Cu Nha, La Pan Tan, and De Xu Phinh 
communes  (figure 4). There are 5 national geodetic control 
points 77423, 77432, 77434, 77437, and 77451, and 5 nation-

Fig. 2. Components of Trimble R7 GNSS receivers

Fig. 3. Trimble R7 GNSS antenna 

Rys. 2. Komponenty odbiornika GNSS Trimble R7

Rys. 3. Antenna GNSS Trimble R7 
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al third-order level points III_09, III_7P, III_12, III_14, and 
III_17. The X, Y and H of these points are as in Table 1. The 
measurement network consists of those mentioned national 
geodetic control points and national third-order level points 
as well as 30 unknown first-order traverse points. The mea-
surements are made using Trimble R7 GNSS receivers (figures 
3 and 4), with horizontal and vertical fast static accuracies of 
5mm + 0.5ppm and 5mm + 1ppm, respectively. The measure-
ments were carried out with 6 receivers over 8 60-minute stat-
ic measurement sessions.

 
3.2 Experimental procedure

The 30 GNSS points distributed across the entire study 
area are measured using Trimble R7 GNSS dual-frequency 
receivers based on the 5 national geodetic control points and 
5 national third-order state leveling points. The observations 
are then processed by the Trimble Business Center software. 
The derived coordinates are subsequently adjusted using the 
2D coordinate transformation, and the elevations of the mea-
surement points are converted to leveling heights using the 
geoid undulation interpolation problem with the weight fac-
tor of P=1 and P = 1/Si2, where Si is the distance from the 
measurement point to the nearest control point. Finally, the 
results are analyzed and the experiment is concluded.

3.3 Results and discussion
The observations are processed using the Trimble Busi-

ness Center (TBC) with the results shown in Table 2. The co-

ordinates and elevations of the national third-order control 
points measured by GNSS and processed by the proposed 
workflow. The results are as shown in Table 3 and Table 4.  

From Table 3, with coordinates and heights corrected 
according to the chosen weight factor P=1, we have: [∆∆]= 
0.127303, n = 39, m =  ±0.057 (m); with all corrections applied 
to the coordinates and levels of the control points are non-zero.

From Table 4, with coordinates and heights corrected ac-
cording to the chosen weight factor P=1/S2, we have: [∆∆]= 
0.125443, n = 39,  m = ±0.056 (m) with all corrections applied 
to the coordinates and levels of the control points are zero.

Tables 3 and 4 show the coordinates and elevations of the 
national third-order control points measured by GNSS and 
processed by the proposed workflow in this study. It is shown 
that the height deviations of the points III_09, III_7B, III_12, 
and III_14 are 0.023m, -0.012m, 0.013m, and -0.003m, respec-
tively, when P=1 is applied, while those for the same points are 
0.000m when P=1/S² is applied. Therefore, using weight P=1/
S² has higher accuracy compared to using weight P=1.

From the corrections to convert GNSS-derived elevations 
to leveling heights, and the leveling heights shown in Table 4, 
we construct a site map and a height anomalies digital model 
as follows on Fig. 5.

Figure 5 shows a contour map of interpolated height 
anomalies determined based on the national leveling points, 
and Figure 6 shows their corresponding digital model. It can 
be concluded that the results based on the proposed workflow 
in this study applying P=1/S² is highly reliable. 

Fig. 4. Study area in Mu Cang Chai district, Yen Bai province
Rys. 4. Obszar objęty badaniami w okręg Mu Cang Chai, prowincja Yen Bai
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Tab. 1. Coordinates and elevations of the national third-order level points and geodetic control points

Tab. 2. GNSS processed coordinates

Tab. 1. Współrzędne i wysokości krajowych punktów trzeciego rzędu i punktów kontroli geodezyjnej

Tab. 2. Współrzędne przeliczone z  pomiarów GNSS
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Tab. 3. Corrections of GNSS to leveling heights using weight factor, P=1
Tab. 3. Korekty GNSS do wysokości niwelacyjnych z wykorzystaniem współczynnika wagowego, P=1

The application of GNSS technology with the proposed al-
gorithm to derive horizontal coordinates and leveling heights 
of points based on height anomalies of existing benchmarks 
in the study area for large-scale topographic mapping has 
both scientific and practical meanings in the context of Viet-
nam. This is because it meets technical requirements and eco-
nomicly efficient for large-scale topographic mapping. The 
experiment over the study area of 400 km² with 5 to 10 bench-
mark points shows that the application of GNSS technology 
with the proposed workflow ensures required accuracy for 

large-scale topographic mapping in Vietnam. This method is 
particularly practical in Vietnam when mapping with GNSS 
technology in areas with difficult terrain such as border re-
gions, coastal areas, and islands.

4. Conclusions
The algorithm proposed in this study, which focuses on 

the transformation of 2D coordinates and the determination 
of leveling heights based on the height anomalies of existing 
points within the designated study area, presents a compelling 
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Tab. 1. Coordinates and elevations of the national third-order level points and geodetic control points

Fig. 5. Height anomalies map [m] determined based on the leveling heights in the Mu Cang Chai study area. 

Tab. 1. Współrzędne i wysokości krajowych punktów trzeciego rzędu i punktów kontroli geodezyjnej

Rys. 5. Mapa anomalii wysokości [m] wyznaczona na podstawie wysokości niwelacyjnych na obszarze badań Mu Cang Chai
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case for the integration of GNSS technology. This integration, 
when combined with the measured leveling heights of points, 
has been shown to meet the stringent accuracy requirements 
necessary for the creation of large-scale topographical maps.

This innovative approach leverages the power of GNSS 
technology to capture precise measurements, thereby facili-
tating the accurate representation of geographical features on 
a large scale. The results obtained through this method not 
only meet but potentially exceed the standards set for topo-

graphical mapping, thereby offering significant potential for 
future applications.

In the context of Vietnam, this proposal is particularly 
relevant and feasible. The unique geographical conditions of 
Vietnam, characterized by diverse landscapes including bor-
der regions, coastal areas, and islands, pose unique challenges 
for mapping. The use of GNSS technology in these restricted 
areas offers a practical solution, enabling accurate mapping 
even in areas where traditional methods may fall short.

Fig. 6. Height anomalies digital model determined based on the level points in the Mu Cang Chai study area
Rys. 6. Cyfrowy model anomalii wysokości określony na podstawie punktów poziomu na obszarze badań Mu Cang Chai
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Rozwiązanie poprawiające dokładność pozycji poziomej i pionowej punktów mierzonych techno-
logią GNSS/CORS przy tworzeniu wielkoskalowych map topograficznych Wietnamu

W  Wietnamie, podczas tworzenia map topograficznych na dużą skalę przy użyciu technologii Global Navigation Satellite Systems 
(GNSS) w połączeniu z ciągle działającymi stacjami referencyjnymi (CORS) i tradycyjnymi pomiarami stacji całkowitej, wystąpią prze-
sunięcia zarówno w pozycjach poziomych, jak i pionowych. Aby rozwiązać ten problem, dokonujemy korekt mapy, aktualizując mapę 
w założonym układzie współrzędnych. W założonym układzie współrzędnych kształty i  różnice wysokości zmienionych obiektów są 
dokładnie obserwowane, aby spełniać wymagania odpowiadające skali mapy. Współrzędne i wysokości wyraźnych punktów na mapie 
lub punktów kontrolnych na polu uzyskanych z różnych metod mają różnice większe niż dopuszczalne wartości według skali mapy. 
Stosując dwuwymiarową transformację współrzędnych i wysokość nad geoidą, obliczaną dla każdego punktu z jego wagą, współrzędne 
i wysokości punktów mogą być obliczane w jednolitym układzie współrzędnych.

Słowa kluczowe: dokładność GNSS, mapy topograficzne, osnowa geodezyjna




