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Abstract

The high cost of modern GNSS (Global Navigation Satellite System) receiver and their post processing software
present an obstacle in the surveyed laboratories for poor countries. This study aim is to investigate the possibility to
used low cost GNSS receiver in the place of those costly one, by appreciating the time of processing data and the
coordinates to converge under 50 seconds, then model the errors between those two instruments before evaluating
their accuracy. The materials used were the one of reading, and observation of data, the order for the processing of
data. The method consisted to carry out data by the static PPP (Precise Point Positioning) and the dynamic method
(Kinematic PPP) and PPK (Post Processed Kinematic) of 10 benchmarks SEPRET (Société d’Etude des Projets et de
Reéalisations des Travaux) pilars through two multiband GNSS receivers Emlid Reach RS2. The results shows that the
differences between the readings data in static PPP, PPK and kinematic PPP mode is small and they are respectively
within the ranges [20.3cm-24cm], [7.5cm-30.4cm] and [-9.3cm-22.8cm] along the X-axis, [17.8cm-22cm], [14.8cm-
25.2cm] and [11.4cm-29cm] along the Y-axis and [5.3cm-6.1cm], [-16.5cm-0.8cm] and [-55.2cm-9.6cm] along the
Z-axis which are around the centimetre. Then the error model per axis is B1x® + B,x° + B3x* + B4x3 + Bsx? +
Bex + B4 and the accuracy model is a linear function W(x) = Ax+B showing the very closeness coordinates values
between the two types of instruments.

Keys words: Kinematic PPP, Static PPP, PPK, Benchmarks.

1. INTRODUCTION

The Global Navigation Satellite System (GNSS) has been widely used for many years
because it provides precise positioning (Omer F. et al., 2021). Also has been used for
various navigation (air, water, road transport, earth observation, weather forecasting
timing and national coordinate systems) and monitoring engineering structures, naturals
hazards, surveying and others purposes (Tsakiri, M., et al., 2017; Lipatnikov, L., et al,,
2019; Leick, A, et al., 2015; Teunissen, P.J.G., et al 2017; Guo, L., et al., 2017; Biagi, L., et
al., 2016; Wang, S., et al., 2022)
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Traditionally, they were obtaining positioning with GNSS using at least two receivers.
The collected data were processed for highly accurate positioning by using the GNSS data
processing software (Muchammad M., 2020). Those GNSS use Differential methods for
high accuracy through with high cost. Nowadays, Precise Point Positioning (PPP) is an
enhanced single GNSS receiver user with a point positioning technique for code or phase
measurements using precise orbits and clocks to adjust ionospheric effects in dual
frequency Measurements by an ionosphere free combination (Ashraf F., 2018). But
because of its low cost and large number of users, PPP takes the spotlight (Amr H. et al,,
2017; Semler, Q., et al., 2019; Krietemeyer, A., et al., 2020; Hamza, V., et al., 2021; Romero-
Andrade, R, et al., 2021; Hamza, V., 2020; Hamza, V., et al., 2021; Broekman, A., et al.,
2021; Tunini, L., et al., 2020; Samboko, H. T, et al., 2022; Janos, D., et al., 2021; Lapadat,
AM,, etal, 2021).

The Canadian Spatial Reference System (CSRS) Precise Point Positioning (PPP) service
provides post-processed position estimates over the Internet from GPS observation files
submitted by the user. Precise position estimates are referred to the CSRS standard North
American Datum of 1983 (NADS83) or the International Terrestrial Reference Frame
(ITRF). Single station position estimates are computed for users operating in static or
kinematic modes using precise GPS orbits and clocks. The online PPP positioning service
is designed to minimize user interaction while providing the best possible solution for
the given observation availability. Currently, users need only to specify the mode of
processing (static or kinematic) and the reference frame for position output (NAD83
(CSRS) or ITRF). The observations processes are selected from the submitted RINEX
(Receiver Independent Exchange) file in the following order:

- L1 and L2 pseudo-range and carrier phase observations

- L1 pseudo-range observation An L1 pseudo-range only solution will be performed in
case of failure of the L1 and L2 pseudo-range and carrier phase solution (Ashraf Farah,
2013).

RTKLib (Real Time Kinematic library) is an open-source program package for multi-
GNSS positioning software developed by Tomoji Takasu from the Tokyo University of
Marine Science and Technology in Japan. RTKLIB can process collected data with
standard and precise positioning techniques by using different satellite constellations,
GPS, GLONASS, Galileo, QZSS, BeiDou and SBAS. It supports many positioning modes
including DGPS/DGNSS, Kinematic, Static, Moving-Baseline, PPP-Kinematic, PPP-Static
and PPP-Fixed modes (Ibrahim M., 2018).

The online service that will be used in the case of this study is CSRS-PPP because of its
low-cost and it is the most precise free online service. The CSRS-PPP is taking into
consideration only the GPS and GLONASS constellations due to the fact that the others
constellations are not yet considered to be very stable.

RTKLIB software will equally be used in this study to convert our raw logs to RINEX
format as it provides good and acceptable results and is equally free software.
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At the societal level, this work will help the Ministry of State Property, Surveys and Land
Tenure, the Ministry of Housing and Urban Development, and the Ministry of Public
Works to take better decision in the georeferentiations of the parcels of lands in the
process of obtaining land certificates and equally in the georeferentiation of public work
projects. This work will equally facilitate developing countries in the process of
equipping their research laboratories since they don’t have sufficient finance to buy high-
cost equipment. Also, the work elaborates on the resolution that can be obtained in the
realization of the digital elevation model useful during the hydrologic and hydraulic
modelling in the Tongo Bassa watershed.

From a scientific view, this work will give idea on the influence of accuracy and the
duration of observations on the convergence behaviour using a multiband GNSS receiver
with three common positioning techniques: static PPP, PPK mode and kinematic PPP in
the equatorial zone of the earth globe. It will also:

Determine the required duration of readings to reach the convergence by employing the
three different techniques and also give the relationship that exists between them in the
equatorial zone using a low cost multiband GNSS receiver.

Draw the diagram of uncertainties (sigma 95%) in function of the observation lengths
over the latitude, the longitude and the ellipsoidal height in static PPP;

Study the average, the minimum, the maximum and the standard deviation of the
uncertainties in static PPP over the three axes;

Study the coordinates” behaviour of the PPK and the Kinematic PPP techniques in
function of the observation duration;

Study the difference between the three observation technique coordinates and the
benchmarks coordinates over the three axes;

Draw the prediction curves existing between the three observation modes and the
benchmarks.

During the project of densification of the geodetic network system in Cameroon, many
benchmarks’ points of the first order, second order and third order have been coordinated
using sophisticated and high-cost equipment. The high cost of these modern equipment
is an obstacle in the survey laboratories of developing countries. The comparison study
between the accuracy of low-cost and high-cost equipment where carried (Margaria, M.,
2020; Nguyen, N.V., et al., 2021; Gabl, M and Heller, A, 2021), and also the relationship
between the accuracy and the recording interval using single and dual frequency
receivers (Ashraf, F, 2013; Odolinski, R., et al., 2020; Garrido-et M. S. et al., 2019) but not
through a convergence behaviour.

The main objective of this research is to study the performance through accuracy of a low
cost multiband GNSS receiver. More specifically, the study seeks to study the influence
of the recording interval on the convergence behaviour, then model theirs errors and
accuracy with benchmark SERPRET pillars. This will be realized by assessing the
evolution of time interval during the reading.
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To study the influence of the accuracy of the coordinates on the convergence behaviour.
This will be realized by evaluating the difference between the reading value of the low-
cost receiver and the benchmark.

2. Methodology

The present study has been done in the Tongo Bassa watershed following four steps
which took place from March to September 2021 such as the collection of data, the reading
and observation, the data processing, the evolution of the convergence of accuracy and
the difference between the readings. The diagram below gives all the steps of the
methodology used to carry out this research study.

| Data acquisition |

|

| Reading and observation |

4| Data processing Ii

v h 4

Static PPP PPK | Kinematic PPP |

Study of convergence
behaviour.

1

Results, interpretation and discussion

l

| Conclusion |

Figure 1. ivietnoaology cnart

2.1. Data

With a surface area of about 42 km?, the area of study, the Tongo Bassa watershed is
located in the Littoral Region of Cameroon which is in the Equatorial zone falling within
the Douala municipality. It is the biggest watershed of the Douala municipality and is
located between 4°2'0”” and 4°5’30" North latitude and between 9°43’0" and 9°47°20”" East
longitude. The Tongo Bassa watershed has among the 148 benchmarks in the Wouri
division, 25 Benchmarks of the third order made up by the SEPRET Company. Due to the
inaccessibility of some of the benchmarks, 21 have been surveyed in the case of this study.
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Figure 2: distribution of the Tongo Bassa SEPRET benchmarks

2.2. Reading and observation materials

During the observations, we used:

Two multiband GNSS receivers Emlid Reach RS2 (the base and the rover).

A tripod BOCH BT 170 HD to keep our base stable;

A meter of 5m length to measure the pole height of our base station;

A smartphone Samsung Galaxy S8 having the android app ReachView installed in its
system,

A field notebook well prepared to avoid the oblivion of any important information on the
site.

Data processing materials:

The processing of the data is based for the majority on the software such as:

The online software CSRS-PPP;

The software package RTKLIB that has 3 main sections: RTKCONV, RTKPOST and
RTKPLOT.

2.3. Methods

Classification of the benchmarks

The benchmarks are classified in 3 groups according to the crowding of the environment
where the benchmarks are located following the order given below:

Groupl, for the most crowed environment with the presence of buildings or trees of more
than 10m height at a distance of less than 50m around the beacon.

Group2, for the environment with the presence of buildings or trees comprised between
5 to 10m in height at a distance of less than 50m around the beacon.

Group3, for the environment without buildings or trees in a radius of 50m around the
beacons, or with the presence of buildings or trees comprised between 0 to 5m in height
at a distance of less than 50m around the beacon.
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The table 1 below classified the 21 benchmarks in function of the observation modes and
the crowding of the environment in which they belong.

Table 1: Classification of the Tongo Bassa SEPRET benchmarks
reading measurement system

Observation mode Groupl Group?2 Group3

Static DLA535, | DLA5S5S, DLA529,
DLA 612. | DLA53S, DLA552,
DLAG60S, DLA®613,
RGCB0350. | DLA 526.
Dynamic DLA535, | DLA52S, DLA529,
DLA 612, | DLA53S, DLA534,
DLA539, | DLA5S5S, DLA552,
DLA532, | DLA6OS, DLA613,
DLA 530, | RGCB0350, | DLA610,
DLA531. | DLA609, DLA 526.
DLAS4S,
DLAS550,
DLAS551.

Source: Field work (2021)

2.4. Data Collection Methods

During this step, the ReachView app connected to the base and the rover to create the
daily job before starting the collection was used. The base and the rover were set to save
data each 01 second with and elevation mask of 15°. The instrumental height was
measured with our 5m length meter and set in the base and was equally noted on the
field notebook.

PPP and PPK solutions were estimated using a multiband frequency L1/L2/L5
observations. And each static PPP-solution contains different lengths of observation
duration (10 min., 20 min., 30 min, 45 min., 1 hr., 1.5 hrs,, 2 hrs., 2.5 hrs., and 3 hrs.).
Kinematic PPP and PPK solutions contain a length of observation of 50 seconds.
Management of observations files was done using the software RTKLIB. The different
sets of observations were processed and the PPP solutions were estimated through
Canadian Spatial Reference System (CSRS) Precise Point Positioning (PPP) service (CSRS-
PPP, 2013) and PPK solutions were estimated through RTKLIB since the coordinates of
the base was already known. The chosen total length of observations was about 3 hrs. for
the static PPP mode.



127
Journal of Tertiary and Industrial Sciences Vol 4, No. 1, 2024
ISSN  2709-3409 (Online)

Figure 3: Pillar of the second order RCGN Figure 4: pillar Observe with the rover
(Republic of Cameroon Geodetic Network) in dynamic modes (Carmel, 2012)
(Carmel, 2012)

2.4. Data processing method
The data processing method is summarized in the figure 5 below:

Extraction of the job data
(u-blog and C5V file)
Conversion from u-blox
to RINEX via RTKconv

Static PPP and

Kinematic PPP
processing

Processing of the Processing of the zﬁ%ﬁbﬁwﬁ
base RINEX file rover RINEX file ’—_’ RTKPost

via CSRS-PFP via CSRS-PPP
The frequencies Solution format
L1+L2+L3 chosen:

LatTong/Height
Elevation
mask 15° Time format: hivmm:ss,
Integer ambizuity UTC
resolution Fix and Hold

Datum: WGS24
Tropospheric and

iUPOSI?th Heaght origin reference:
corrections: Broadcast Ellipsoidal (GRS80)

Satellite ephemeris: | Extraction format : GPX |
SBAS and B;
- Conversion from
Constellations: WGSBS geographic
GLONASS and GPS coordinates to UTM 32

Average the values obtained by using
the Excel command “AVERAGIFg™, [*| Exfract the CSV file

Figure 5: Data processing chart.
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3. Results and Discussions

3.1. Convergence Accuracy Value Tendance According to the Recording Interval
Sigma 95% in function of the observation lengths in static PPP. Figures 6, 7, 8 and 9
present respectively the convergence behaviour of sigma 95% in function of the

observation lengths in static PPP mode over the latitude, the longitude, the ellipsoidal
height and over the three-dimensional axes.

1 convergence over the latitude .
— 5 convergence over the longitude
E E
X °
B 5
: & m
E ©
[ £
= 20
0 0

& S S S @
S & & & &R
NS 2V

LS L& L& L& & SR
S & & & N A
) NSRS NG 2 VoA >
observation lengths

observg?gibn Iengthsq"

e DLA535 DLAS DLA613
——DLA535 DLA538 DLA612 DLA552 e DLAGOS

DLA612 e DLA552 = DLA608 ——DLA526 = DLA558 = DLA529
= DLA526 = DLA558 = DLA529

Figure 6: convergence behaviour in static PPP over the Figure 7: convergence behaviour in static PPP over the

latitude. longitude.
5 convergence over the eIIipsoidaI 5 convergence overtheresulting.of the three axes
£ height E
NS X
g g N
© (5]
& 5
@ > 4.5cm “n
0 ~ — 0
& & N $ e © L W . ) . ; & S S 5 S
& & & & S S S SR\ N R NI SO
N D AP “‘*”observatibﬁ Ieng%s Vv \9(0 ,19@ '50(0 bf"@ > N
= DLA535 DLA538 DLA613 observation lengths
DLA612 e DLA552 = DLA608 e DLA535 DLA538 DLA613
= DLA526 = DLA558 = DLA529 DLA612 e DLA552 = DLA608
= DLA526 = DLA558 = DLA529
Figure 8: convergence behaviour in static PPP Figure 9: convergence behaviour in static PPP over the
over the ellipsoidal height. resulting 3- D axis.

We can observe on the above figures that after 10 minutes of observation in static PPP,
the value of sigma 95% is ranged within 130cm and 285cm. After 3 hours of observations,
the values of sigma 95% for the 10 points surveyed become constants with an average
value of 55mm. We can therefore conclude that static PPP over the latitude, the longitude,
the ellipsoidal height and the three-dimensional axes converges respectively towards the
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values 10mm, 25mm, 45mm and 55mm after about 3 hours of observations with a low-

cost GNSS multiband receiver in the equatorial zone.

Table 2 below gives for each of the points surveyed in static PPP the average of the
uncertainties, the standard deviation, the maximum and the minimum of sigma 95% in
function of the observation lengths over the latitude, the longitude and the Ellipsoidal

Table 2: Sigma 95% over Latitude, Longitude and Ellipsoidal Height

Height.
R R sigma
sigma sigma T
Duration | indicators 95% 95% Elli . id
latitude | longitud |ps.0|
al Height
(m) e (m)
(m)
AVERAGE 0.384 1.399 1.320
10 STD DEV 0.056 0.327 0.367
minutes MAX 0.489 1.923 2.074
MIN 0.301 0.901 0.931
AVERAGE 0.166 0.712 0.596
20 STD DEV 0.047 0.308 0.235
minutes MAX 0.273 1.383 1.051
MIN 0.116 0.352 0.366
AVERAGE 0.111 0.471 0.371
30 STD DEV 0.039 0.207 0.128
minutes MAX 0.202 0.991 0.658
MIN 0.068 0.206 0.203
AVERAGE 0.075 0.314 0.232
a5 STD DEV 0.030 0.149 0.066
minutes MAX 0.138 0.632 0.313
MIN 0.039 0.128 0.112
AVERAGE 0.049 0.190 0.161
STD DEV 0.022 0.104 0.044
1 hour
MAX 0.094 0.409 0.255
MIN 0.025 0.052 0.084
AVERAGE 0.023 0.078 0.092
STD DEV 0.015 0.079 0.046
1.5 hour
MAX 0.049 0.213 0.191
MIN 0.008 0.013 0.040
AVERAGE 0.017 0.063 0.074
STD DEV 0.009 0.057 0.036
2 hours
MAX 0.033 0.156 0.154
MIN 0.007 0.009 0.041
AVERAGE 0.011 0.027 0.055
STD DEV 0.005 0.032 0.025
2.5 hours
MAX 0.021 0.119 0.107
MIN 0.006 0.009 0.033
AVERAGE 0.010 0.025 0.046
- STD DEV 0.003 0.027 0.011
full-time
MAX 0.019 0.103 0.072

It shows that in static PPP, we reach centimetre level accuracy after about 3 hours of
observations on the latitude, longitude and ellipsoidal height. This study is in perfect
accordance with the results of Ashraf Farah on the study of convergence behaviour of
static PPP (ASHRAF F., 2013), our observations with the receiver Emlid reach RS2 which
is a three-frequency receiver converge faster than those of TOPCON GR3. They are
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equally in accordance with the results of Margaria Marie who found out that the receiver
Emlid reach gives more accurate results than the receiver Trimble R8 (Margaria M., 2020).
This might be due to the fact that the receivers Trimble R8 and Topcon GR3 are dual
frequency receivers.

Behaviour of coordinates as a function of recording time in PPK and kinematic PPP
Figures 10, 11 and 12 present the behaviour of point DLA535 respectively over x, y and z
axis in PPK mode and figures 13, 14 and 15 present also the behaviour of point DLA535
in kinematic PPP after 50 seconds of observations. The coordinates over X, Y and Z axes
varied respectively within the ranges of 2.5cm length, 3cm length and 3cm in PPK; and
12cm length, 13cm length and 7cm length in kinematic PPP. The observations in PPK
converge faster and are less mode disperse than those in kinematic PPP.

This is due to the fact the observations in kinematic PPP does not take into consideration
the corrections of the base of the receiver and also there is no fix receiver used by CSRS-
PPP around our area of survey to minimize the errors of the observations.

3.2. Errors Values Difference between the Benchmark and the Reading Coordinates

Difference between the 03 observation modes and the benchmarks. The figures 10, 11 and
19 below present the differences of the reading between the static PPP and the
benchmarks, the PPK and the benchmarks, and the Kinematic PPP and the benchmarks
respectively on the X-axis, Y-axis and Z-axis.

GAP BETWEEN OBSERVATIONS AND BENCHMARKS
ON: X-AXIS

gap in meter

DLA535 'DLA588 DLA613 DLA612 DLAS552' DLA608 DLA526 DLA558 DLA529
-0.1

matricul of the beacons
Gap StaticPPP - Benchmarks Gap PPK - Benchmarks

Figure 10: Difference between the 03 observation modes and the benchmarks
on the X axis.
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GAP BETWEEN OBSERVATIONS AND BENCHMARKS
ON Y-AXIS
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B Gap StaticPPP - Benchmarks B Gap PPK - Benchmarks
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Figure 11: Difference between the 03 observation modes and the benchmarks
on the Y - axis.

GAP BETWEEN OBSERVATIONS AND
BENCHMARKS ON Z-AXIS

0“__.__I_!_|
DLA! 5DL1‘18DL13D 2DLH2DLH8DLF6DUH8D A529

gap in meter
S

-0.6
matricul of the beacons

M Gap StaticPPP - Benchmarks
W Gap PPK - Benchmarks

Figure 12: Difference between the 03 observation modes and the benchmarks
on the Z-axis.

3.3. Modeling of the Variation of Reading Values According to the Benchmark
Coordinates of Beacons

The static PPP solutions are more related to the benchmarks than the PPK and the
kinematic PPP solutions with a relative maximum difference of 5cm in the X, Y and Z-
axis.
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The kinematic PPP coordinates of the points DLA538 and DLA612 respectively along the
x and z axes are systematically closer to the corresponding benchmarks for DLA538 and
farer for DLA612 than the other points due to the static PPP solutions are more related to
the benchmarks than the PPK and the kinematic PPP solutions with a relative maximum
difference of 5cm in the X, Y and Z-axis.
The kinematic PPP coordinates of the points DLA538 and DLA612 respectively along the
x and z axes are systematically closer to the corresponding benchmarks for DLA538 and
farer for DLA612 than the other points due to the fact that the beacons DLA538 and
DLAG612 belong to groupl. Meaning there are building or trees of more than 10m height
at a distance of less than 50m around the beacon. We can therefore understand that the
accuracy of observations with a low-cost multiband GNSS receiver depends of the sky
visibility which is in accordance with the results obtained by AYHAN Ceylan, et al. in
2015 evaluating the Performance of Kinematic PPP and Differential Kinematic Methods
in Rural and Urban Areas (AYHAN Ceylan, et al., 2015).
Relationship between the reading measurements and the benchmarks. The figures 13,
illustrate respectively the relationships between AX (the difference between the
coordinates of the observations in static PPP mode and the benchmarks over the axes X,
and the benchmarks over X, -axis. The (1) equations of the trend lines of AX in function
of the benchmarks over X. The values of R-squared are respectively equal to 0.9007, 0.858
and 0.5578 over X, Y and Z. this simply means that the relationship between the
differences delta and the corresponding benchmarks is polynomial of 6t other and are
more linked over the X-axis than over the Y-axis, and also more linked over the Y-axis
than over the Z-axis.

y=2x%x10"%22x% —8 x 10716x% 4+ 10%x* — 0.0009x> + 401.78x% — 9 x 107x + 9

x 1012 (1)

Ax=f(x)

y =-1E-21x% 4 5E-15x> - 7E-09x* + 0.0058x> - 2555.4x% +
6E+08x - 6E+13
R?=0.8678

1.05

e o o
A o ™
[ o

AX_ppk-benchmark (m)
o
)
(V2]

0.05

580000 582000 584000 586000 588000
X_benchmarks (m)

Figure 13: Model of Ax errors in Static PPP according to the benchmark along
the X-axis.
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The figures 14, SHOWS the relationships between AX, (the difference between the
coordinates of the observations in PPK mode and the benchmarks over the axes X, and
the benchmarks over X-axis. The (2), equations of the trendlines of AX, in function of the
benchmarks over X. The values of R-squared are respectively equal to 0.8678, 0.6764 and
0.9798 over X, Y and Z. this simply means that the relationship between the differences
delta and the corresponding benchmarks are nearer over the Z-axis than over the X-axis,

and also nearer over the X-axis.
y=-10"21x% + 5x 10715x> — 7 x 107 %x* + 0.0058x3 — 2555.4x% + 6 X 10%x — 6

x 1013 (2)
Ax=f(x)
y = 2E-22%6 - 8E-16x5 + 1E-09x* - 0.00093 + 401.78x2 -
9E+07x + 9E+12

E 022 R?=0.9007 <
-
¥ 0.21 o
E o2 o
[%]
g 0.19
<
2 0.18
o
< 0.17
< 579500 581500

X_benst:%gr)r?glq(s (m) 585500 587500

Figure 14: Model of Ax errors in PPK according to the benchmark along
the X-axis.

The figures 15 below illustrate respectively the relationships between AX, (the difference
between the coordinates of the observations in Kinematic PPP mode and the benchmarks
over the axes X,), and the benchmarks over X,-axis. (3), is an equations of the trendlines
of AX, in function of the benchmarks over X. The values of R-squared are respectively
equal to 0.8374, 0.8915 and 0.9929 over X, Y and Z. this simply means that the relationship
between the differences delta and the corresponding benchmarks are nearer over the Z-
axis than over the Y-axis, and also nearer over the Y-axis than over the X-axis.

y =2x10"21x6 — 8 x 10~ 15x5 + 1078x* — 0.0088x> + 3861.5x% — 9 X 108x + 9
x 1013 (3)
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Ax=f(x)
y = 2E-21x5 - 8E-15x° + 1E-08x* - 0.0088x3 +
3861.5x2 - 9E+08x + 9E+13
0.3 R2=0.8374

586000 588000

AX_k.ppp-benchmark (m)
o

03 X_benchmarks (m)

Figure 15: Model of Ax errors in K.PPP according to the benchmark along
the X-axis.

Modelling of the different delta errors according to the predicted errors. The figures 16,
below illustrate respectively the relationships between AX, (the difference between the
coordinates of the observations in static PP mode and the benchmarks over the axes X,),
and €px, €py, and Epz (representing respectively the predicted error over X, ). The (3), is
an equations of the trendlines of AX, in function of the predicted error over X,. The values
of R-squared are respectively equal to 0.9792, 1 and 1 over X, Y and Z. this simply means
that the relationship between the difference deltas and the corresponding predicted
errors are nearer over the Y-axis than over the Z-axis, and also nearer over the Z-axis than
over the X-axis.
y =—6x 107 x 102 (4)

px =f(Ax)

8999985500000.00
8999985000000.00

T y =-6E+07x + 9E+12
; 8999984500000.00 R2=0.9321

E 8999984000000.00

:I 8999983500000.00

&I 8999983000000.00

é 8999982500000.00
8999982000000.00
0.17 0.18 0.19 0.2 0.21 0.22

Ax (m)

Figure 16: Model of Ay errors in static - PPP according to the predicted error
along the Y-axis.

Figures 17 below illustrates the relationships between AX, (the difference between the
coordinates of the observations in PPK mode and the benchmarks over the axes X), and
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Epx, €py, and €pz (representing respectively the predicted error over X, Y and Z)
respectively. The (4) is an equation of the trendlines of AX in function of the benchmarks
over X,. The values of R-squared are respectively equal to 0.9994, 1 and 1 over X, Y and
Z. this simply means that the relationship between the difference deltas and the
corresponding predicted errors are nearer over the Y-axis than over the Z-axis, and also
nearer over the Z-axis than over the X-axis.

y =6x108x — 6 x 1013 (5)

90000100009000.000- EPX=F(4%)

£90000000000000.000
"289999950000000.000
289999900000000.000
89999850000000.000
n.?9999800000000.000

§89999750000000.000
-0.1 0 0.1 0.2 0.3

Ax (m)

=-9E+08x + 9E+13

PP_k

Figure 17: Model of 4x errors in Kinematic-PPP according to the predicted error
along the X-axis.

Figures 18 below illustrates the relationships between AX, (the difference between the
coordinates of the observations in kinematic PPP mode and the benchmarks over the axes
X), and €px, €py, and €pz (representing respectively the predicted error over X-axis)
respectively. The (5) is an equations of the trendlines of AX in function of the benchmarks
over X. The values of R-squared are respectively equal to 1, 1 and 0.9999 over X, Y and Z.
this simply means that the relationship between the difference deltas and the
corresponding predicted errors are nearer over the X-axis than over the Y-axis, and also
nearer over the Y-axis than over the Z-axis.

y=—9x108x+9 x 103 (6)
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Epx=f(Ax)
0.05 01 015 02 025

-59999800000000.000

-59999850000000.000 v = 6E+08x - 6E+13

R?=0.9994

(m)

PPK

-59999900000000.000

Epx_|

-59999950000000.000

-60000000000000.000 Ax (m)

Figure 18: Model of Ax errors in PPK according to the predicted error along
the X-axis.

Looking at the value of the leading coefficients of (4), ((5), (6),we can conclude that the
static PPP coordinates are relatively nearer to the benchmark’s coordinates than the PPK
and the kinematic PPP coordinates over the X, Y and Z axis. The value of R-squared is
very small for all the equations, which means the equations that link the observation
modes and the benchmarks cannot be used in a high precision work.

4. Conclusion

The work aimed at studying the influence of the accuracy and the duration on the
convergence behaviour using low cost multiband GNSS receiver. We started by studying
the influence of the recording interval on the convergence behaviour using a low-cost
receiver and then the impact of accuracy on the convergence using a low-cost GNSS
receiver. We did 172 readings in kinematic mode (kinematic PPP and PPK) and 10
readings in static mode using the multiband GNSS receiver Emlid Reach RS2. The PPK
readings gives better accuracy than kinematic PPP readings and the difference between
the PPK coordinates and the benchmarks is ranged within [7.5cm - 30.4cm], [14.8cm -
25.2cm] and [-16.5cm - 0.8cm] respectively over the X, Y and Z-axis. PPK survey can be
used in many surveying applications such as: cadastral survey, road construction survey,
realization of DEM for hydrologic and hydraulic modelling. While the difference between
the Kinematic PPP coordinates and the benchmarks is ranged between [-9.3cm - 22.8cm],
[11.4cm - 29cm] and [-55.2cm - 9.6cm] respectively over the X, Y and Z-axis. Kinematic
PPP survey can show itself important in the applications such as agriculture, forestry
works, mining exploitations, and so on.

The study of the convergence behaviour in static PPP shows that we obtain centimetre or
millimetre level accuracy after observing for about 3 hours on the latitude, longitude and
Ellipsoidal height. The difference between the Static PPP coordinates and the benchmarks
is ranged within [20.3cm - 24cm], [17.8cm - 22cm] and [-5.3cm - 6.1cm] respectively over
the X, Y and Z-axis. Static PPP can therefore be used in high precision surveyed work.
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The assessment of differences between the 03 reading methods and the benchmarks
shows that the static PPP positioning with the receiver Emlid Reach RS2 gives better
accuracy than kinematic PPP and PPK and can be used to control the stability or to create
new benchmarks.

All the tests were performed in the open sky and in an area with small baseline of less
than 10km that was in the favour of the low-cost antennas, which are more sensitive to
multi-path. To fully evaluate the performance of the low-cost receivers, more tests will
be realized in the future over long baselines and real environmental conditions where
different factors, such as multipath, weather conditions, and others, can influence the
results.

The difference between the Static PPP coordinates and the Benchmarks is considerable in
the case of high precision survey works. Referring to previous studies, this difference is
due to either the quality of the antenna used or certain environmental factors.
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