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Abstract: This research involved the positional accuracy study of portable Global Positioning
System (GPS) in open and closed spaces. The project has several phases; the first phase consists of
setting the portable GPS antenna on the laptop computer and running the u-center data recording
application software for raw data recording. The second phase involves data filtration, extraction
of position information both for open and closed spaces for analysis. The next stage generation of
results including the determining means of latitude and longitude errors and comparing positional
accuracy in open and closed spaces. The errors between positions in open and closed spaces were
determined for comparison based on selected known locations. The results are plotted into real
latitude and longitude scale to show the position acquired. The result in open and closed spaces
were finally statistically compared. The pattern of positions accuracy for open and closed space
indicates larger longitude error compared to latitude error varying between 1-15 meters in terms of
range error from the mean. Test for known positions using ANOVA indicate significant difference
between locations acquired in open and closed spaces.
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Introduction

The Global Positioning System (GPS) has been
used widely every day for different purposes and
applications. GPS was developed in early 1970s
and since then it has been studied extensively
by researchers and this has resulted in numerous
publications i.e., conference presentations,
journal papers, books, etc. Navy Navigation
Satellite System (NNSS) was first developed
for US military relying on polar orbiting orbits.
Later a more advanced system known as GPS
was tested and developed initially for military
use and later for commercial use. Today GPS
system are fully operational regardless of
weather conditions. Recent developments
include other systems developed by the Russian
— GLONASS, the European (GALILEO) and
BeiDou (China). Each system relies on their
own sets of satellites. All these systems can be
referred as Global Navigation Satellite System
(GNSS).

The main reason of this project was to assess
and compare the positional accuracy by using
cheap commercially available GPS antenna
system and u-centre freeware by acquiring data
streams from satellites meant for the public use.
The other objective is to make comparison on the
positional accuracy when receiving signals under
different conditions namely in open and closed
spaces. Hypothetically, the accuracy of the GPS
will be reduced when all the signals emitted by
the satellites are blocked by some buildings or
obstructions by other structures. Use of GPS is
growing as a means for determining positioning
information in many scientific fields. GPS is
employed in environmental studies, biological
and biomechanical studies, social sciences,
meteorology, military applications, archeology,
navigation, mapping, surveying, and more
as stated by Arnold and Zandbergen, (2011).
Worldwide GPS innovation has changed the
world which now we rely upon it for exploring
vehicles, for course finding and we use it in our
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regular daily existences to extricate data about
our areas and to follow our developments (Sita-
Nowicka & Fotheringham, 2019). A low-cost
portable antenna GPS receiver which can easily
be attached to laptop computers was used to
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collect data. It is cheap, affordable and capable
to collect a large number of data comparable
to expensive built-in GPS (Forin-Wiart et al.,
2015). Figure 1 shows the GPS antenna system.

Figure 1: Antenna of the GPS system used to collect data transmitted by satellites.

In our daily life, Global Navigation Satellite
System (GNSS) indeed plays a significant
role for providing autonomous geo-spatial
positioning information (Shi et al.,, 2017). The
multipath effects are the major source of error
in GPS differential positioning (Guo et al.,
2014). The antenna receiver will acquired the
strongest signal from the orbiting satellites in an
open space while in closed spaced the received
signals are much weaker and the multipath
effects will cause them to have different results
in position accuracy as the signals have to travel
further. In this project, the position data finally
will be statistically tested based on several sets
of data collected at predetermined location (both
in open and closed spaces) by a portable GPS
antenna system capturing data using u-center
software.

At any one time the GPS receiver is
providing us with different data set by different
set of satellites circulating along their orbits.
The concept of using reflected GPS signals for
environmental sensing was first introduced by
Martin-Neira (1993). But, when we want to
find very accurate position by using simple GPS
receiver, we need to take the average position.
Essentially any GNSS system measures the

distance/range between the satellite transmitting
the signal to the receiver. Using several satellites
(at least 4) the receiver with the software
determines several position lines from which
a fix (or position) is determined i.e. latitude
and longitude values that could be plotted in
a geographical chart/map. The main error of
travelling of electromagnetic waves and time
signal error (due to internal clock accuracy)
are being affected by the atmospheric and
ionospheric conditions (Skeivalas et al., 2018).
Therefore, the average positions determined
based on large numbers of data will provide
better position provided the receiver unit is
kept at the same position. Generally, the GPS
position obtained is not exact because of the
receiver acquired data from different satellites
which continuously move along their orbits.
The dissimilar shapes of satellites orbits moving
at different altitude will suffer from different
perturbative forces, especially solar radiation
pressure and atmospheric drag, which cannot
be modeled appropriately (Zeng et al., 2018).
Additionally, the GPS receiver that are receiving
both direct or indirect signals usually will cause
position errors as affected from multipath
echoes (Deep et al., 2018). GPS’s weak signals
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received are instable due to multipath signals
caused by external factors such as the presence
of high buildings around the receiver, in
tunnels, and closed situations (Guo et al., 2014).
Furthermore, the GPS signal quality and strength
that broadcast by satellite availability and
Geometric Dilution of Precision (GDOP) plays
a major role in GPS positional accuracy caused
by satellite geometry at a particular time along
its own orbit. In addition, GPS technology can
precisely register the spatiotemporal elements of
activity-travel behaviour, travel characteristics
should to be imputed from the information (van
Dijk 2018) but this is beyond our project. The
GPS data provided when using smartphones for
example can suggestively increase the efficiency
of travel studies and also quality of those data
collected (Marra et al. 2019) that provide the
user’s position continuously.

There is no specific time required to acquire
GPS data in this research project as we can
receive the signals at any time — day and night.
The time taken to take in one set of data by
using u-center program depends on how many
data position are required. The more position

data to be taken the longer the time needed.
In this project several (100-200) sets of data
or messages were taken. Data processing is
carried out first by eliminating the unwanted
data messages listing only time, latitude and
longitude. Most data were collected within UMT
campus and at specified locations in Selangor.

Materials and Methods

For this project, we experimented by testing
position data at different fixed locations both
in open (5 locations) and closed (5 locations)
spaces. A simple, low cost commercially
available GPS antenna was used and data
acquisitions were recorded using a U-center
GNSS evaluation software for a duration of
between one to minutes at each location. The
data acquisition system record signals randomly
from different sets of satellites passing over head
of the receiver at that time. The raw position
messages acquired were save in text format
and then read by Excel spreadsheet where only
information of interest were copied for further
analysis. The process flow is as shown in figure
2.
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Figure 2: Process flow for data acquisition and analysis of the project

The Data in open and closed Spaces

An example of open space is in the middle of a
field free of trees or building and mountains which
can obstruct the USB antenna from effectively
receiving the GPS signals. In the case of closed
space data were acquired in places such as next
to the building or inside a building where at that
locations the USB antenna partially receive the
signal both direct and indirect signals bounces
off of nearby structures such as buildings. In the
room the signals received were generally weaker
while when placed at the side of the building
halve of the signals were received.

Regardless of weather conditions, usually, a
GPS receiver will receive streams of data from
several visible satellites within the horizon.
Besides, the system will select the strongest
signals and the location geometry of the
satellites (ephemeris) relative to the receiver.
The presence of any obstacle naturally blocks
the signals from arriving at the receiver. Figures
3a and 3b show the locations of the antenna
receiver at open and closed spaces (next to
building).
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Figure 3a: Field UMT for open space’s location

U-center application for collecting data

The u-center software collects and displays
NMEA message structure including GPS
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Figure 3b: Laboratory in UMT for closed space

position, time stamp, latitude, longitude, signal
quality indicator, number of satellites, Figure
4 is the snapshot of u-center displaying the
satellites, signal strengths etc.
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Figure 4: Snapshots of u-center software displaying the relative satellites position and position plot and signal
levels

Data Recording Process

The u-center software once running will
continuously record streams of data in the
form of messages every second and similarly

received by other GPS receivers. Random
satellites will transmit the signal to USB GPS
antenna. Therefore, data position captured by
the GPS will not be the same. U-center software
once running will display position information
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in various graphical formats. The raw data Excel (Fgure 5). Figure 6 show a sample of text
including time stamp and the computed location message and the extracted location information
information were then saved as text file readable  (Figure 7).

by any spreadsheet program including Microsoft

D TetConscle

07:35:13 $6PGSV,4,2,13,20,24,150,31,21,02,147,,22,11,321, 25,12, 036,14+ 78
07:35:13  $6pGSv,4,3,13,26,73,202,25,27,08,201,24,29,09,088,15,31,39, 344, 21470
07:35:13 §GPGSV,4,4,13,32,37,040,25%4D

07:35:13  $6LGsv,2,1,08,68,25,127,,69,57,069,14,70,27,351,,73,44, 248, *68
07:35:13 $6LGsv,2,2,08,79,03,023,,80,46,349,,83,02,157,,84,03,209, *68
07:35:13  SGNGLL,0524. 33056, N, 10305, 63548, €, 073513, 00, A, A*TF

07 :14 SGNRMC, 073514, 00,4, 0524, 33064 N, 10305, 63524, €, 0. 301, 171219, ,A*65

N0, 558 K A%37
07:35:14 SGNGGA, 073514, 00,0524, 33064, N,10305. 63524 € ,1,10,1,03,13.0,M, -4, 9 M, ,*67 |

TI9TIR SONGSR, R, 3,10,20,20,10,29, 29,18, 31,30, 11,1 10, 1,03, LA T3
07:35:14 $GNGSA.A,3.69...,,...,,,,1.76.1.03.1.44‘10
07:35:14 $6pesv,4,1,13,01,06,288,,10,56,149,28,14,33,006,14,16,42,202, 2074
07:35:14  $GPGSv,4,2,13,20,24,150,31,21,02,147,,22,11,31, 25,12, 036,12 7€
07:35:14  $GPGSV,4,3,13,26,73,202,24,27,08,201,24,29,09,088,13,31,39, 344, 2174
07:35:14  S6PGSv,4,4,13,32,37,040,25%4D
07:35:14  $6LGSv,2,1,08,68,25,127,,69,57,069,12,70,27,351,,73,44, 248, *60
07:35:14 $6LGsv,2,2,08,79,03,023,,80,46,349,,83,02,157,, 84,03, 209, 68
07:35:14 SGNGLL, 0524, 33064,N,10305. 63524 £, 073514, 00,A,A*73

3 X% 1|

Figure 5: The text messages from the u-center software

SR SONGLL  SAGETN 1030512 ¢ A DF

SA0 SGIRVE 91054 SUSHTN 1005126 000 130509 05

SOBEVET W 04N 0Kk 0B

G105 SGNGGA  S1025 SAAGRATN 10002E 10 1R 4 A0 00

G025 SGNGSA A Ioa o0 7 % s §f 2 B no% e

G025 SGNGSA A Ion B M5 19100

$1025 S6PV L e L N VIR T S VI N D 3
$1025 S6P3V L e L s N NS NS /N V)
5005 S6Pas f7 8oy oW w3 B 1 W B % % N ¥ WEN
S35 S6Pasv LN N I I U

$1025 S6L6SV £ S - N/ A /N ([N N D (S A N S )
$1025 SaLesv E S D N S D S (I - L
S0 SeL6sV I Y A ) N

S5 SONGLL SAGETN 1030512 SmsA 01 |

SIRBSGRVC 915 SUSHTN 005126 005 130519 0°4

SOBSEVE T W 005N 0mE 0

SI0AGSGNGA 51025 SAAGRATN 1002E 10D 1R 4 A0 00

G026 SGNGSA A a0 7 % s f 2 B no% L

S102 SGNGSA A %8 M 1% 1R10%

$1026 $6PGV L e N VI T S VI N A D 1)}

Figure 6: Information message from u-center shows the time stamps and location of receiver for every
second.
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8:02:42 SGNGGA 80242 524.683 N 10305.12 E
8:02:43 SGNGGA 80243 524.683 N 10305.12 E
8:02:44 SGNGGA 80244 524.683 N 10305.12 E
8:02:45 SGNGGA 80245 524.683 N 10305.12 E
8:02:46 SGNGGA 80246 524.683 N 10305.12 E
8:02:47 SGNGGA 80247 524.6829 N 10305.12 E
8:02:48 SGNGGA 80248 524.6829 N 10305.12 E
8:02:49 SGNGGA 80245 524.6829 N 10305.12 E
8:02:50 SGNGGA 80250 524.6829 N 10305.12 E
8:02:51 SGNGGA 80251 524.6829 N 10305.12 E
8:02:52 SGNGGA 80252 524.6829 N 10305.12 E

Based on the position data in latitude
and longitude the mean values for both were
determined and the difference from the mean was
then used for graphical plots and determination
of error. In this project the mean positions under
closed and open spaces were assumed to be the
best position

Formula for data processing

The mean position computed using n-number of
position information in this case was assumed
to be the right position of the receiver. And
in geographical grid the would-be position is
where the Latitude (y-coordinate) and Longitude
(x-coordinate) lines crossed.

Using individual position data, the
distribution of X and Y from the mean (i.c. the
latitude and longitude errors could be plotted.
The position co-ordinates were determined over
a specified time frame using averaging formulae:

s, Clati
Xavg = e (1)
n
Y4 Cloni 2)
Yavg = n

where, Clati and Cloni are the positions
indicated by latitudinal and longitudinal values
and n is the number of GPS points processes
(Schrader et al., 2016). For individual error the
difference between the reference point (mean
position) and each individual GPS position
recorded by the receiver was determined.
Finally to determine the error from the mean,
one Degree of arc on the earth surface (or
60’ minutes) was taken to have an equivalent
distance of 111000m. In nautical measurement
one nautical mile has an equivalent distance of
1852 meters.

Analysis and Comparison

They are then converted into geographical
format to generate the plots and for determining
positioning errors. The results (between open
and closed spaces) were then compared for
accuracy by using test statistics (ANOVA).

Results and Discussion
Data processing for an open and closed spaces

Data samples for open and closed spaces are
as shown in Table 1 indicating the latitude and
longitude for both open and closed spaces.
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Table 1: Sample Data recordings of latitude and longitude for open and closed space.

Open Space Closed Space
Latitude Longitude Latitude Longitude
5.2425214 103.0538220 5.2468237 103.0512991
5.2425214 103.0538221 5.2468248 103.051336
5.2425216 103.0538222 5.2468282 103.0513374
5.2425218 103.0538222 5.2468308 103.051339

Sample errors in Degree of arc and distance
unit (m) for open and closed spaces shown in

Table 2 for closed space from the mean position
are much larger.

Table 2: The distance from mean position for open and closed spaces

Closed Space Open Space
latitude Longitude latitude Longitude
Degrees Meters Degrees Meters Degrees Meters Degrees Meters
-6.56E-05 -7.281 -5.81E-05 -6.45 3.51E-06 3.896 1.24E-06 0.14
-6.67E-05 -7.403 -9.50E-05 -10.55 3.51E-06 3.896 1.14E-06 0.13
-7.01E-05 -7.781 -9.64E-05 -10.70 3.31E-06 3.674 1.04E-06 0.12
-7.27E-05 -8.069 -9.80E-05 -10.88 3.11E-06 3.452 1.04E-06 0.12
-7.32E-05 -8.125 -5.87E-05 -6.52 2.91E-06 3.230 9.38E-07 0.10
-7.28E-05 -8.081 -2.93E-05 -3.26 2.71E-06 3.008 8.38E-07 0.09
The results of satellites detected during of the satellites passing near the horizon. For

experiment

A sample of graphic plot by u-center indicates
the sectors covered by different satellites at any
specific time and the data from the red sectors
are subject to large errors. More sectors appear
in red in closed spaces due to the weak signals
caused by obstruction as well as due to positions

Figure 8a Satellites detected by u-centre for open
space

open space much stronger signals would be
received as indicated by the light blue and
yellow colours for which position data received
are more accurate (Figures 8a and 8b). In semi
enclosed spaces the receiver was only receiving
signals from half of the hemisphere as the
structures / buildings were blocking the signals.

Figure 8b Satellites detected by u-centre for closed
space (The left side received no signals as the
building acts as an obstacle)
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Position accuracy for open and closed spaces
by u-center software

Figure 9 shows the results indicating the
concentration of positions plotted at central

Figure 9: Plot of position data points obtained by
u-centre software for open spaces

Positional error graphs for open and closed
spaces

Figures 11 and 12 show the positional errors in
meters from the mean position which clearly

Positional Errors (Open space)

20 4

Open
space

LATITUDE

o
r T T TS

T T T
-20 -15 -10 -5 5 10 15 20
-5

-10-

-154

20d  LONGITUDE

Figure 11: Graph pattern of position error for open
spaces

Statistical test for open and closed spaces

The results of test statistic of latitude for open
and closed spaces during the experiment are as
shown in table 3. The F > F crit. indicates there

position indicating high accuracy. The positions
are shown to be more dispersed when plotted in
closed spaces (figure 10) with more dispersion
or error in longitude compared to latitude.

Figure 10: Plots of data of positions by u-centre

software for closed spaces show larger error in
longitude which are widely distributed compared to
latitude error

indicate the errors are much more dispersed

and larger for closed / semi enclosed spaces
compared to positions acquired in open spaces.

Positional Errors (closed space)

20

15

10 Positional

5 @ Errors (close

space)

LATITUDE

1
5 10 15 20

Sc

LONGITUDE

Figure 12: Graph showing pattern of position error
for closed spaces (errors shows in meters)

is a significant difference for errors in latitude
between open and closed spaces. Similarly, for
longitude there is a significance difference in
terms of positional error (Table 4).
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Table 3: Results of comparison errors of latitude between open and closed spaces

SUMMARY
Groups Count Sum Average Variance

Error-latitude-close 30 13.16 0.439 0.023
Error-Latitude-open 30 5.143 0.171 0.012

ANOVA

Source of Variation SS df MS F P-value F crit

Between Groups 1.072 s | 1.072 60.77 1E-10 4.007
Within Groups 1.023 58 0.018

Total 2.095 59
F: 60.77
Ferit: 4.007

Table 4: The results comparison errors produced in longitude between closed spaces

SUMMARY
Groups Count  Sum Average Variance
Error-Longitude-close <3 | 19.42 0.627 0.775
Error-Longitude-open 31 2.23 0.072 0.006
ANOVA
Source of Variation SS dar MS F P-value Fcrit
Between Groups 4768 1 4.768 12.21 0.0009 4.001
‘Within Groups 2342 60 0.39
Total 28.19 61

o
F: 12.21
F crit: 4.001

In this case, F > F crit, indicating there is
a significant difference at 95% Confidence level
for errors in longitude.

Overall, this project has achieved the
stated objectives and the hypothesis in which
the positional accuracy in open spaces is
better than closed spaces due primarily to the
reception of signals from more satellites passing
in the atmosphere. This project also indicates

that cheap, commercially available satellite
antenna could be used to determine position for
nonscientific purposes where precise positions
are not required. In a totally enclosed spaces
such as in a room at university the message
“no fix” was displayed in the screen. Under
such conditions the arriving signals are too
weak or perhaps due to the low sensitivity of
the antenna. In the presence of obstacles such
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as building half of the GPS signals could be
effectively received by the antenna resulting in
poor position fixing. Thus, for more critical job
requiring more accurate location the antenna
must be placed in open spaces.

Conclusions

The accuracy of the positions determined by
using portable USB GPS antenna system shows
the longitude has bigger errors compared to
latitude error. In closed spaces, the errors are
much more widely distributed compared to open
spaces. The range of errors for closed spaces are
such bigger than open spaces.

An ANOVA test indicate significant
difference between the positions acquired
in open spaces and closed spaces. The small
errors in position do not affect the application
of portable GPS for normal use. For a totally
closed space, the weak signal display positions
information with large errors.
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