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various parameters such as coordinates, elevation, and distance
between two or more points to calculate the area within the study area.
The innovative method of using the built-in GPS sensor in
smartphones will provide convenience for users and introduce
simplified open-source software for the land measurement process. The
measurement was calibrated using a conventional roll meter to verify
the linear error by comparing the two measurements between the
smartphone’s GPS and roll meter. The smartphone’s GPS reading was
logged using GPS Waypoints and My Tracks, free Android
applications on the Google Play store. This study's average error in
measurements obtained using GPS on smartphones was 3.02%. This
value is sufficient for the initial stage of low-cost land surveys and falls
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Introduction

The surveying technique has developed significantly in many sciences regarding the
instruments and methods [1]. Education also incorporates it as part of the curriculum and
research. Equipment in various laboratories is equipped to meet the needs of surveying
engineering. This illustrates that surveying engineering is essential in various fields of life.
Specifically, at the University of Bengkulu, not all laboratories can provide surveying
equipment services for every student due to the limited number of tools.
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Researchers are continuously working to improve the quality of survey data collection. Survey
data is portrayed graphically by the construction of maps, profiles, cross-sections, and
diagrams [2]. The use of survey data through GPS tracking has been used for urban planning
[3], to assess landslide-prone areas [4], to monitor changes in waste disposal areas [5], and for
environmental and ecological conservation [6], [7], as well as for transportation safety and
efficiency [8]. Many land surveying methods offer high accuracy, such as a direct measurement
using an analog roll meter, a theodolite instrument, an unmanned aerial vehicle, or a terrestrial
laser scanner [9]. However, the roll meter is only effective in a small area, while the theodolite
requires more manpower, time [10] and limited to certain places.

A Global Positioning System (GPS) device is a standard tool for collecting survey data, like
pedestrian route data, tomography, epidemiological investigation data, forensic data, and
agricultural and forest data [11]-[16]. GPS surveying can be conducted day or night, and it
provides direct acquisition of 3D coordinates [17]. The accuracy and precision of the
measurement results are compared with each of the other methods and devices [18], [19]. The
GPS provides an easier way to conduct a land survey, as the standard handheld GPS indicates
about a 12% error compared to the results of the total station survey [20]. GPS is a standard
tool for surveying but is often too expensive for students, and some institutions do not have
enough equipment to meet their needs. Therefore, a more affordable and readily available
method for land surveying is needed, one that avoids costly tools like total stations and laser
scanners. Using smartphones as personal navigation tools for survey data can be a cost-
effective and ubiquitous option. Popular smartphones use integrated global navigation
satellite system (GNSS) receivers [21].

Furthermore, smartphones have been equipped with various sensors, including Global
Positioning System (GPS) receiver, acceleration, magnetic, and gyroscope sensors. This
equipment holds the promise of enabling the use of a smartphone for numerous applications
[22]-[24]. The apparent advantages of a smartphone are that it is easy, cheap to obtain, and is
owned by everyone, including students and omnipresent. [25]. S. Korpilo and A. Hardy have
used smartphone GPS to track the movement of people in a specific area and over a certain
period, yielding results that indicate this device can be developed for further analysis and
tracking [26], [27]. Based on these findings, this paper aims to give further insight into the
usability of the ubiquitous smartphones for survey data, to test the performance and accuracy
of the smartphone's GPS, and to compare the survey results conducted by both the
smartphone’s GPS and the conventional roll meter. Although research using GPS on
smartphones has been conducted by other researchers, such as K. Merry [28], that research did
not compare the results with other surveys or measurements and used a different type of
smartphone. This becomes the main distinction from the research presented in this paper.

Experimental Method

The usability of smartphones for surveying data was tested in the Bengkulu University (UNIB)
area. It is situated at 3°45'27.39"S and 102°16'34.98"E near the west coast of Sumatra. Its
elevation ranges from 11 to 17 meters above sea level, covering an area of 24.9 ha. The eastern
part of the UNIB campus area is reviewed using Google Earth Pro.

Various software is used to process survey data on smartphones and personal computers. GPX
Waypoints and My Tracks applications are installed on Android smartphones. These
applications are freely available on the Google Play Store. The software installed on the
personal computer is Google Earth Pro, TCX Converter, Google Sketch Up, and 3D Surfer.
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Google Sketch Up and 3D Surfer are paid applications, but they also provide free versions.
Google Earth Pro and TCX Converter are free applications.

The device used in this study is a standard low-end Android smartphone from Xiaomi, the
Redmi Note 4. We chose this phone because it is a medium-priced smartphone commonly
used by students. We calibrate the smartphone's GPS to determine the linear measurement
error by comparing it to a 100-meter-long roll meter. The smartphone’s GPS is calibrated in
the open field to avoid overhead obstacles. The roll meters were laid out with varying
distances, starting from 30 m, 40 m, 50 m, and up to 100 m. For example, when the roll meter
is stretched to 30 m, the smartphone's GPS is placed at the starting point, 0 m, and the position
is recorded using the smartphone’s GPS. Then, at the endpoint of the roll meter, which is 30
m, the position is recorded again using the smartphone’s GPS. The distance measured by the
smartphone's GPS is obtained based on the recorded starting and ending positions from the
smartphone’s GPS. This process is repeated for the following distance ranges, which are 40 m,
50 m, and so on up to 100 m.

After the calibration, the research area collects as much waypoint data as possible. We use the
previous satellite imagery of the eastern part of the UNIB campus to plan the locations of the
waypoints to be collected. As with any land surveying activity, access to the area is a
prerequisite. It had planned to track the campus’ exterior border area and collect waypoints at
5-meter intervals. However, the UNIB campus contains numerous inaccessible areas,
including bushes, water bodies, and dense vegetation. To overcome this problem, additional
GPS data, such as elevation, is only collected from Google Earth Pro in some of the inaccessible
spots mentioned above.

We process the collected data using various techniques. First, the multiple GPX format files
are imported into Google Earth Pro to visualize and verify the waypoints and track locations.
Then, the multiple GPX files are exported into a single KML format file. After that, the KML
format file is then converted into a CSV format file using a free software called TCX Converter.
TCX Converter is the software that handles many incompatibilities between files for different
outdoor GPS devices and mapping software [29]. The high-resolution satellite imagery of the
area is copied as a JPEG format picture to compare with the measurement result obtained later.

This CSV format file is required to visualize the data into a contour line map using Golden
Software's Surfer 3D application [30]. The contour map is then exported as a BMP file, and we
used the Google Sketch Up application to create a 3D CAD surface and a 3D CAD map of the
eastern part of the UNIB campus. The whole process is shown in Figure 1.
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Figure 1. Flowchart of the research

Results and Discussion

Initially, the smartphone’s GPS is calibrated with a 100-meter-long roll meter to verify the
differences in linear measurements ranging from 30 m, 40 m, and 50 m to 100 m (Figure 2), and
then the percent error of each measurement is calculated. The calibration is done in the campus
soccer field (Figure 3) to avoid overhead obstacles and get as many satellites as possible
tracking so we can obtain high-accuracy measurements.

100m ©

90m 9

80m @
70m o)

80m 0]

60m Q)

50m

® 40m @

@ @ e @ Q @

|

Figure 2. Calibration of the smartphone's GPS measurement

369



P-ISSN: 2615-1278, E-ISSN: 2614-7904

Figure 3. Calibration process in the soccer field

After the calibration, we attempted to measure the area of some public places in the eastern
part of the University of Bengkulu campus and develop a map based on the collected data.
Different areas within the UNIB campus necessitate distinct methods for obtaining GPS data.
Overhead obstructions impeded tracking areas with buildings and dense vegetation,
preventing the smartphone's GPS sensor from collecting enough GPS satellites. The area, still
covered by bush and slum, was inaccessible for tracking. To overcome these issues, we marked
some waypoints on the limited accessible points and obtained elevation data from Google
Earth Pro. However, we tracked many areas without overhead obstacles, such as roads, open
spaces, and water bodies, by walking along these roads and around their boundaries. We then
obtained the data in the form of polygons or enclosed routes.

The 3D coordinates are obtained using free Android applications, such as GPS Waypoints and
My Tracks, downloaded from the Google Play Store. These applications can log the data from
the smartphone’s GPS sensor and export it into a GPX or KML file that can be further processed
using Google Earth Pro and Google Sketch Up. We then re-adjusted the GPX files on Google
Earth Pro in case the tracking error level in some areas was unacceptable and to ensure that
the tracking matched the actual location based on the satellite imagery provided by Google.

We proceed to the final step once we have completed all the aforementioned procedures. The
GPX data is processed, and the map is developed by overlaying it onto high-resolution satellite
imagery provided by Google. The development used the free version of Google SketchUp, a
3D CAD desktop application, to create a 3D landscape model with a 3D image of each building.
The calibration smartphone’s GPS calibration data is presented in Table 1.

From the data above, the smartphone’s GPS performs a good measurement, with the error
lying between 0.2 % and 6%, with the average error being 3.02 %. Furthermore, we examined
the data to find a root mean square error (RMSE) to predict the standard deviation value for a
series of measurements, and it was discovered that the RMSE is about 1.67 meters.
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Table 1. Calibration of error in smartphone’s GPS measurement

Smartphone's GPS Actual Length Difference (m) Error (%)
(m) (m)

27.44 30 -2.56 8.53
38.00 40 -2.00 5.00
47.00 50 -3.00 6.00
60.94 60 0.94 1.57
70.70 70 0.70 1.00
80.80 80 0.80 1.00
90.20 90 0.20 0.22
100.87 100 0.87 0.87

Average error (%) 3.02

This result is better compared to the average accuracy of horizontal positions in the
smartphone tracking research by K. Merry, which reached 7-13 m; however, K. Merry's values
remain consistent[28]. The RMSE confirms that the ubiquitous smartphone’s GPS sensor can
provide a low-cost and readily available solution for land surveying activities. However, using
the smartphone's GPS under overhead obstacles becomes problematic as it significantly
reduces accuracy. Figure 4 presents the tracking data overlayed on Google Earth Pro.
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Figure 4. Waypoints and polygonal tracks of the UNIB campus

On the UNIB campus, the GPS waypoints and tracks can be easily collected. The data includes
numerous parameters such as latitude, longitude, altitude, date, and time. These raw data
were further processed into the final data using several steps in the flowchart above.

We then export the multiple GPX format files into a single KML file, convert them into CSV
using the TCX Converter (Figure 4), and plot them into a Latitude, Longitude, and Altitude
table (Table 2). The TCX Converter converts the complicated string in GPX file format into
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more straightforward comma-separated values so that the other software can quickly process
the data.

4 TCX Converter
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Figure 5. TCX converter

Table 2. The extracted GPX file's data

UNIXTIME TIME LAT LONG ALT
1.55E+09 019-03-17T07:20:13Z -3.75692 102.277 21
1.55E+09 2019-03-17T07:20:192 -3.75692 102.277 21
1.55E+09 2019-03-17T07:20:24Z -3.75692 102.277 21
1.55E+09 2019-03-17T07:20:292 -3.75714 102.2771 22
1.55E+09 2019-03-17T07:20:35Z -3.75733 102.2771 19
1.55E+09 2019-03-17T07:20:40Z -3.75749 102.2772 20
1.55E+09 2019-03-17T07:20:45Z -3.75767 102.2772 19
1.55E+09 2019-03-17T07:20:51Z -3.75791 102.2772 19
1.55E+09 2019-03-17T07:20:572 -3.75811 102.2771 21
1.55E+09 2019-03-17T07:21:032 -3.75829 102.2769 24
1.55E+09 2019-03-17T07:21:092 -3.7583 102.2766 24
1.55E+09 2019-03-17T07:21:14Z -3.75835 102.2763 24
1.55E+09 2019-03-17T07:21:20Z -3.75842 102.276 22
1.55E+09 2019-03-17T07:21:26Z -3.75849 102.2757 20

The Lat, Long, and Alt data are further processed into a contour line terrain map of the UNIB
campus, as shown in Figure 6. This process is done using Surfer 3D, and this file is used to
create a 3D CAD terrain map of the UNIB campus (Figure 7) using Google SketchUp.
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Figure 7. 3D terrain of UNIB campus

Finally, we developed the 3D map of the eastern part of the UNIB campus using 3D SketchUp,
as shown in Figure 8.
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Figure 8. Eastern part 3D view of UNIB campus developed using Google Sketchup

The developed 3D model is an inaccurate preliminary result of land surveying using a
smartphone’s GPS sensor that has been tested in the UNIB Campus. The model's accuracy is
not the highest but can be used for educational purposes. This model is a valuable resource for
students and professionals, allowing them to understand the fundamentals of land surveying
and spatial design. As a CAD model, it can be modified for future projects, such as developing
new buildings or landscape mock-up designs in any extension. While the smartphone GPS
offers a convenient method for data collection, factors like environmental interference can
affect accuracy, highlighting the need for further refinement in future applications.
Nevertheless, it can be printed as a 2D flat model or presented as an animation video,
providing versatile visual representation and analysis options.

Conclusion

GPS is a breakthrough invention that allows us to do several things that have been impossible
to do. It is now used in many interdisciplinary applications, including mapping and land
surveying activities. GPS has successfully replaced the conventional land surveying method,
which requires much effort. The ubiquitous smartphone’s GPS can be recommended for land
surveys at the student or education level because it performs a good measurement with the
error lying only between 0.2 % and 6%, with the average error being 3.02 %.
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