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Short Note

Comparison of elevation heights using a Differential Global
Positioning System (DGPS) and a Total Station
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Resumen

Diferencias en elevacion en un juego de 12 puntos diferentes fue determinado utilizando dos técnicas diferentes: es-
tacion total y un sistema de GPS diferencial (utilizando tres receptores con tiempos de ocupacién de 90 minutos por estacion).
Una comparativa entre los dos juegos de valores de la elevacién dan una diferencia que varia de dos a 36 mm para una linea
base de maximo 2,420 metros de distancia. Estos resultados demuestran que los levantamientos utilizando el sistema de GPS
diferencial pueden ser utilizados para realizar nivelaciones utilizando dicha técnica.

Palabras clave: Sistema de posicionamiento global, estacion total, levantamiento.

Abstract

Differences in elevation for a set of 12 different points were determined using a Total Station and a DGPS three receivers
with occupation times of 90 minutes per station). A comparison between both sets of elevation values shows differences of
two to 36 millimeters for a maximum baseline of 2,420 meters. These results show that differential GPS surveys may be used
to determine differences in elevation using the differential GPS technique.
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Introduction

Instituto Nacional de Estadistica, Geografia e Infor-
matica (INEGI) maintains a first-order network of geo-
detic benchmarks in Mexico (INEGI, 2000). They have
produced a digital terrain model for Mexico, with errors
that can be as high as tens of meters (S. Pefia, oral com.).
Vertical control is essential for the geosciences, includ-
ing hydrogeology. Marin and others (1998) found that the
vertical errors using a hand-held GPS are greater than 100
meters. Marin and et al. (2005) conducted a study to de-
termine the precision on the vertical axis using a Differ-
ential Global Positioning System. The Global Positioning
System has been used extensively in geodesic issues, such
as crustal deformation, and plate tectonics (Cabral-Cano,
2007). Geodetic surveys typically call for permanent sta-
tions, or use long occupation times. Engineering studies,
on the other hand, typically use very short occupation
times. In this paper, we conduct a comparison between
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a survey carried out using a Total Station and a DGPS
survey.

We determined the elevation difference between an
arbitrary benchmark and 12 different points using both a
DGPS and a Total Station. An arbitrary starting point, V2,
was tied to a local datum. The topography of the study
area is slightly hilly, with maximum differences in the
vertical axis less than 30 meters. The maximum distance
between any two measurement points was less than four
kilometers.

A Differential Global Positioning System Total Sta-
tion was used which consists of two base receivers (Trim-
ble model 4700) and a rover (Trimble model 4800). All
three receivers are dual frecuency receivers. For the base
receiver, a tripod with three preset heights was used 1.80,
m). Three receivers were used for all measurements, as
suggested by Marin et al. (2005), The maximum distance
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between two receivers was less than 2,500 meters. The
control point consists of a benchmark cemented on-site.
Occupation times for all three receivers were180 minutes.
Data logged in the receivers were downloaded to a com-
puter for post-processing after every measurement period.
The Trimble Geomatics Office (TGO, 1999) software was
used to process the data. Predicted orbits obtained from
the satellites were used. The DGPS baselines were pro-
cessed and they passed the quality control imposed by the
TGO software.
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Fig. 1. Two examples of the DGPS baselines used for study

The results of the DGPS and Total station surveys are
presented in Table 1.

Table 1

Elevations determined using a total station (TS) and the
DGPS, as well as the differences

Name Elevation Elevation Difference,
(TS) (DGPS) meters
M2 15.370
V6 21.132 21.136 0.004
V8 15.670 15.668 0.002
VL16 15.533 15.238 0.295
VL17 20.883 20.870 0.013
VLI18 21.103 21.081 0.022
VL19 20.749 20.781 0.032
VL20 16.059 16.087 0.028
VL1 16.804 16.798 0.006
VL2 32.851 32.851 0.000
VL3 13.544 13.599 0.055
VL5 10.352 10.375 0.023
Al2 20.744 20.780 0.036
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Table 1 shows the differences between the elevation
heights obtained with the total station and with the DGPS
range differences are between two and 36 millimeters.
These results show that elevations can be obtained using
a differential GPS survey technique with three receivers,
and that the technique can be used to determine elevations
above mean sea level.

Conclusions

Elevations using both a Total Station and three GPS
receivers with post-processing were obtained. Differences
in value were below 36 millimeters. The elevations ob-
tained with the total station were consistent with those ob-
tained with GPS receivers. Previous work by Marin and
others (2005) using two receivers yielded a maximum er-
ror of 60 cm in the vertical axis. The technique described
here reduced the error in the vertical axis by more than
one order of magnitude.

These results are important for areas where there is a
lack of first-order benchmarks, or where benchmarks have
been destroyed or removed. Determination of elevations
for regional studies can be conducted using the technique
described here, and the technique will help reduce the un-
certainty in digital terrain models in Mexico.
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