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Abstract

In recent years the availability of geolocation data has increased considerably and can be found in various
portable devices such as smartphones. These devices are intended for navigation in general, but can be used
to carry out topographical surveys that do not require high accuracy of the surveyed data. To verify the
applicability and accuracy of these devices we conducted the topographic survey in an area of approximately
5 ha using a GPS with RTK technology as reference, a Commercial Navigation Receiver (RNC) and a popular
brand smartphone with the mobile applications C7 GPS Data and GPS Essentials previously installed. The
GPS RNC showed the best planimetric results and the Smartphone with C7 GPS Data obtained the best result
altimetric. None of the receivers analyzed showed high accuracy in results obtained. However, they can be
used for tasks where high precision is not required.
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Introduction

The more accurate the equipment used in topographical surveys, the better the representation of space
will be. In recent years the need for geolocation data has increased considerably, so that this information
has been improved and arranged in various electronics that are of daily use to people, such as
smartphones that, due to constant evolutions, development and improvement of applications, have
demonstrated unlimited options for work in the area of topography (Gongalves & Borges, 2016). The use
of GPSs and smartphones for topographic surveys is mostly facilitated by their operational systems, but
this use should be tested to ensure the accuracy of the data obtained (Yoon et al., 2016), since the use of
equipment with these technologies without observing the technical characteristics as to the accuracy limit
of each device can generate numerous errors and may even compromise the entire result of the work
performed (Moreira et al., 2014).

Objective

The aim of this study was to verify the accuracy of topographic surveys performed with navigation
receivers and Smartphone (planimetric and altitude survey).

"The original article was published with a typographical error in the title. An erratum has been issued.
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Methods

The GPS RTK GNSS Receiver (X900) was used as a reference for comparative analysis of topographical
survey performance, and the GPSmap 76CSx (RNC) receivers and a popular branded with Android 7.0
operating system and the C7 GPS Data and GPS Essentials mobile applications. To delimit the area,
wooden pickets were allocated at 17 previously identified points, forming a closed polygonal in the study
area. The coordinates obtained from the GPS RTK receiver were considered as reference positioning
coordinates. The data were then collected with the GPS RNC, and with the smartphone with the
applications. All receivers were configured to obtain UTM plane coordinates and SIRGAS2000 Hori-
zontal Datum. With the data, the discrepancies between coordinates and the resulting discrepancy were
determined, being: AE=ET-ER; AN=NT-NR; AH=HT-HR and Ad= \/ AE?+ AN?, where AE are
coordinate discrepancies East, AN discrepancies of coordinates North, Ad resulting discrepancy, T
are the coordinates to be tested and R are the reference coordinates.

Results

The results obtained indicate that the RNC presented results of Ad lower than those found by the other
receivers, with about 1.73 m. The Smartphone with C7 GPS Data showed similar results, with a Ad of 2.1

m (Table 1). When comparing the AH, the lowest error values were recorded at the points marked with
the Smartphone with C7 GPS Data, with an average of 2.79m (Table 2). A considerable difference
between the coordinates recorded with the applications on the same smartphone can be observed. For the
total area the biggest error was observed by the Smartphone with Essential GPS, with an underestimate of
approximately 4% in the total area and 0.39% in the perimeter. The altimetric profiles made showed that
there is a discrepancy between the profiles drawn by the RTK GPS and the other receivers (Fig. 1).
However, the receivers evaluated showed a trend very close to the RTK GPS profile.

Discussions

The significant differences between the coordinates recorded with the applications in the same Smart-
phone indicate that their programming may have interfered in the collection of this data, since the
surveys were conducted on the same day, time and place. The use of GPS navigation, including mobile
applications, in small topographic surveys is feasible, since the errors (EA and EP) found, although
considerable, did not exceed the margin of 5% considering the variation for more or less. The data

Table 1. Positioning discrepancies, in meters, of North UTM coordinates (AN), East (AE), geometric altitude (AH) and
horizontal distance error (Ad) of topographic surveys performed with GPS navigation.

Receivers AN AE AH Ad
RNC 0.88 1.39 6.52 1.73
Smartphone with C7 GPS Data 0.86 1.78 2.79 2.10
Smartphone with GPS Essential 1.53 3.55 9.17 4.14

Table 2. Total area, perimeter and their respective errors (AA and AP) of the surveys conducted with different receivers.

Receiver Area (m?) Perimeter (m) AA AP EA (%) EP (%)
RTK GPS 53,484.35 1,281.65 - - -

RNC 53,964.50 1,282.03 480.15 0.38 0.89 0.03
Smartphone with C7 GPS Data 53,720.27 1,276.87 235.92 —4.78 0.44 —0.37
Smartphone with GPS Essential 51,418.79 1,276.67 —2.065.56 —4.98 —4.02 —0.39
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Figure 1. Altimetric profile performed with different receivers. RNC - Commercial Navigation Receiver.

obtained corroborates with Machado and Molin (2011) that registered EA under 3 m when evaluating
various navigation GPSs, and Moreira et al. (2014) that recorded errors of less than 4 m. Hwang et al.
(2012) and Dabove and Pietra (2019) state that a viable alternative to reduce errors in topographic
surveys conducted by navigation GPSs would be the development of applications capable of using
Network Real-Time Kinematic (NRTK) GPS data technology in their surveys.

Conclusions

The GPS RNC showed the best planimetric results and the Smartphone with GPS Essential the worst
result. For altimetry, the Smartphone with C7 GPS Data obtained the best result, and the worst being
again the Smartphone with GPS Essential. None of the receivers analyzed showed satisfactory results for
jobs requiring high accuracy. However, they can be used for tasks where high precision is not required.
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