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Abstract

mxmﬁ::daf Glcfl,vval Positioning S_)-nem.s (SDGPS) is a procedure that involves the simultaneous use of two or

smitoble for hi her’“ene' s. It can provide positional accuracies to within a few centimeters, and thus the method is
gher-order surveying work In DGPS, one receiver occupies a so-called base station (point whose

m:; :’:‘5’ l;:'::’ig ‘;:mm [from previous surveys), and the other receiver or receivers (known as the rover)
} . positions are urknown. By placing a receiver on a station of known position. the pseudo
range errors in the signal can be determined. Since the base siation receiver and rover are relatively close to each
dflr.‘ the pseudo range errors at both the base station and at the rovers will have approximately the same
.@mda For the purpose of this study, rwelve points were selected for observation at Sagamu in Ogun State,

TEES " Nigeria with a second order control point (H566) within the study area adopted as the base station. Repeated
o ' w were laken at the rover stations in different observing sessions using a Promak-3 Single Frequency
B Differential Global Positioning System (SDGPS) and the results compared The mean square errors for the residuals
. of each session from the mean were & 170cm. & 144cm. 5.044cm, 5.041cm, 11.291cm and 11.291cm respectively for

e o {1 Xy ¥, Y, Z, and 7, respectively. From the results and the analysis, the mean of repeated measurements of the
 same base wing Differential Global Positioning System in a static relative mode was found suitable for higher order

e  geodetic control extension.

1.0 Introduction
" Global Positioning System (GPS) as a
 surveying technology has found wide
" possibilities of applications, the only
aining factor of GPS being the non-
Of of a satellite availability and
lity as well as non-fulfillment of the
i accuracy varied on a characler of
2004). One of such
ilitie: ofGPSuseist!utuseof:hcﬂalic
nemati GPSmodeinwmrol extension
ineering projects, for such precise
ing technique, the Differentizl Global
ing System (DGPS) have been widely

. (1wo L-band frequencies). The L1
y is 157542 MHZ and L2 frequency
4147, The 11 carried the navigation
" nd the SPS code signals while 12
: ionospheric delay by PPS
3 ceceivers; the L1 has 8 wavelength
y whi W'ﬁm-'-zﬁm’rbq .

) Key Words: DGPS, pseudo range. relative positioning, static, session, base and rover, vectors.

is a ‘one-way’ ranging system; i.e signals are
transmitted only by satellites and received by
the receivers which could give away strategic
ground  locations. Consequently,  the
transmitters and receivers must both have
accurate clocks in order to resolve distances
from the broadcast signal with minimal errors.
Since the objective of DGPS surveys is to
Iocalcpoinwondwsurfaceofthcmh,itis
necessary to have a so-called terrestrial frame
of reference which enables relating points
physically to the earth (Wolf and Ghilani,
2006).111crcfermccusedforthisisthc
tric reference ellipsoid known as the
World Geodetic System 84 (WGS 84) with a
rectangular coordinate  system X Ye,Ze)
superimposed.  This three-dimensional
rectangular coordinate system has its origin at
uwcenucofmofthecanh.lux.-axis
through the Greenwich meridian in the
plamofd)cequamr,iuz.-axiscoimidcs
with the jonal Terrestrial Pole (CTP)
and the Y. - axis complete a right handed
Conversions from geocentric 10
coordinates, ‘and vice versa arc
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are unknown. By placing a receiver on a
station of known position, the pseudo range
errors in the signal can be determined. Since
the base station receiver and rover are
relatively close to each other, the pseudo range
errors dt both the base station and at the rovers
will have approximately the same magnitudes
(Ruang et al, 2002) however, this is not
always true when the range widens apart,
therefore, longer time of observation at the
rover station will be required to properly
resolve the errors. After computing the
corrections for each visible satellite at the base
station, they can be applied to the roving
receivers, thus substantially reducing or
eliminating some of the following errors:
Satellite Clock Error, Satellite Perturbations
errors, Ephemeris  Error,  lonospheric
Refraction, Tropospheric Refraction, Receiver
Noise, and Multipath Errors, etc.

2.2 Procedure

Since the desire was to carryout double
vectors analysis for verification of single
frequency Promarks3 DGPS data consistency,
two sessions of observation were made at each
station occupied. The principle is as described
in section 2.1 above. For each station
‘occupied, each of the two sessions involved a
simultaneous observation made consecutively
‘to four or more satellites for a period of 60
~minute minimum and 100 minute maximum;

1

April, 2008
N

depending on the baseline length (

! ) Longer
baselines require greater observing times)
Except for the base, the roving receivers were

moved upon completion of the two sessions,
For the purpose of this study, twelve points
were selected for observation at Sagamu in
Ogun State, Nigeria with a second order
control point (H566) within the study area
adopted as the base station. As 3 precaution,
the value for the epoch rate in a static survey
must be the same for all receivers during the
survey; this rate was set to be Sscc for this
project, this was done to minimize the number
of observations and thus the data storage
requirements.  All  the receivers were
connected to controllers that have internal
memories as well as SD card for storing the
observed data.

2.3 Computational Approach

After all observations were completed, data
were transferred to computer for post-
processing using GNSS solution Software. As
the observation files were downloaded, special
attention was paid to station information that
is read directly from the file with the field
sheets so as to confirm the antenna slant
height as a check.

Baseline vectors were computed as changes in
X, Y, Z between the base station and the rover
stations.
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~ the  geocentric
tion A, (Xp,Yp,7,)
B, while AX, AY.

baseline  vector
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3.1 Inter-Sessional Difference

Environmental Technology and Science Journal Vol. 3, No. I.

The significance of triple difference equation
in the solution is that, by removing the integer
ambiguities, the solution becomes immune to
cycle slips. Cycle slips are created when the
receiver loses lock during observation
(Traugott et al, 2008). The three main sources
of cycle slips are: Obstructions, low Signal to
Noise Ratio (SNR), and Incorrect signal
processing (Langley, 1999). The processing
software will generate orbit files, compute the
best fit point positions from the code pseudo
ranges, compute an estimate of the vector
components using the triple difference
equation  (5), compute baseline components
(AX, AY, AZ) using the double difference
equation (3), and compute statistical
information for the baseline components.

3.0 Numerical Investigations

In the numerical investigations, the variations

in the position vectors between the sessions
~ were closely examined. In order to achieve
~ this, the final adjusted coordinates of the
- observed stations were obtained from the
: ptocessed data and the results from the two
~ sessions were first compared with each other
and also with their mean.

two positions fixed (X, Yy, Z; and Xa,
Z,) from the double vectors observation at
station were compared, the shift (dX, dY,
9 mmputed in each cases and analyzed. In
order to minimize the effect of any possible
r, the mean of each pair of determinations

um co-ordinate of each rover station |
derived; which were used to plot the
of the survey. However, comparing

;pe stations occupied were obtained thus, |

April, 2008

considerations. Table 1 shows the adjusted co-
ordinates of all the rover stations, this was
used to further generate table 2 and table 3,
while the former shows the position vector
with respect to the first determination at each
station; the later presented the computation of
the mean of determinations at each station.
Table 4 shows the variation of the adjusted
observations from the mean and table 5a and b
showed the statistics of the mean location and
the residuals from the mean. While fig 3 is the
graphical representation of table 3, fig. 4 and
fig.5 are the graphical representation of tables
2 and 4 respectively.
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| Remark | )
hi Table 3: Comp ion of the mean for the two per station
Xy X% Xm Y, Y, Vi \ Z 2, -
K Pt,id | (metres) (metres) (metres) (metres) (metres) | (metres)
. 569759.84 | 569759.84 759104.24 | 75910423 [ 759104 23 aaass [ |
- jgne H590 |0 0 569759.84 | | 0 6 44,159 44157
4 566105.81 | 566105.81 | 56610581 | 760702.15 | 760702.15 | 760702.15 92402
S5 | rover A002 |3 2 3 2 L) 3 92.403 92,403
! 566984.85 | 566984.92 | 566984.88 | 760234.78 | 760234.78 | 760234.78 73.42)
o rove A006 |3 0 a 2 4 3 73423 73422
- ESYEr. | 567204.13 | 567204.14 | 567204.14 | 760116.88 | 760116.88 | 760116 .88 94194 | |
213 A007 |8 7 3 8 9 9 94.239 94217
421 rover 567612.49 | 567612.65 | 567612.57 | 760050.06 | 760050.20 | 760050.06 89 668
v A009 |9 4 1 | 3 1 89.885 89777
A rover 567841.48 | 567841.91 | 567841.69 | 760056.05 | 760055.79 | 760055.92 80.358
— A010 |3 2 8 7 3 5 79.883 80.121
568151.12 | 568151.07 | 568151.10 | 76006221 | 76006223 | 760062.22 48.088
668 | rover A011 6 1 6 9 8 48.164 48.126
. | 568479.68 | 568479.49 760069.6,7 760069.61 | 760069.64 64.24
BN rover 5 | A012 |7 3 568479.59 ! 2 63.797 64.019
a1 = i | 56882622 | 568826.18 | 568826.20 159966 07 | 759966.06 | 759966.06 70.728
o g AO13 |3 5 4 14 3 70.809 70.769
88 | rover 36%1897 569618.97 | 569618.97 7593“ 1 ‘75!3!1 11 | 7&”’" 11 61.681
; 3 6 4 61.679 6168
rover K X... is the mean of X; and X, Y.,.islhemcma Y, ant!Yz,&,uthe mean of Z; and Z,,
3 XIJ,Yl,zandZuaretheeashngmdnonhmg,coonﬁmuwdluhnghmftheobsewcd
1728 | rover ~ poi 1( nspecnvely
i ] als from mean per stati
1 | rover X X=Xz
2 (dXy) (dX2) [CYO)
rover 0 0
B 0 0.001
B rover 0.034 -0.033
i 0.005 -0.004
e 0.078 -0.077
o 0.215 -0214
y -0.024 0.025
i 0.097
K,.‘E
i
40
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Residuals Per Station (in metres)

Rover Stations
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— Xm-X1
Xxm-x
Ym-Y1
Ym-Y2

—Zm-21

—Im-n

Fig. 5: Residuals of each session from the mean

4.2 Analysis

The processed results from the GNSS Solution
software showed a maximum error of 6.5cm,
6.7cm and 6.2cm in the vectors dX, dY and dZ
respectively only at station A06 at 95°,

respectively; while, the mean square errors for
the residuals of each session from the mean
were 8.170cm, 8.144cm, 5.044cm, 5.041cm,
11.291cm and 11.291cm respectively for X,,
Xa. Yy, Y2, Z; and Z; which is an indication of

confidence interval. However, the residuals of
the adjusted vectors indicated a high level of

p in the data quality. From the
result in table 4 and the graphical

correlation between the vector p of
the first and the second sessions at each
station. Nevertheless, there is a relatively high
discrepancy noticed at stations: A09 with
residuals values of -25.7cm, 13.6em and
11.8cm for the fist session and zero for the
second session in X, Y, Z respectively; A010
has residuals for the two sessions respectively
as: -30cm, -303cm, 14.5em and 11.5cm,
14.1cm and -7cm, similarly, for AOLI, we
have: 18cm, 18.8cm and -7.2cm as well as
15.2¢m, 13.5cm and -8.5¢m respectively in X,
Y, Z for the two sessions. These errors are still
large in precise Surveying applications,
therefore, in order to further study the
reliability of the determinations, the difference
between the co-ordinates as presented in
table2 was plotted (fig4), the result
expectedly presented a  relatively large
 discrepancy at A09, A010 and AQ12. From the
tistics of the mean determinations per
on as indicated in tableSa and b above, the
square errors in Xp, Ym and Zp are
452.597m  and  17.672m

P in fig. 3, it was observed that
the resulting residuals from the mean have
equal magnitude and opposite sign; therefore,
they are normally distributed. Hence it could
be concluded that the errors cancelled out
which implied that the mean of the double
vectors gives the optimum values for the

observed points.

5.0 Conclusion and R dati
5.1 Conclusion

Double vectors analysis of DGPS data in static
relative mode has been discussed, difference
b peated of the same
base line components were employed in
evaluating the consistency of the observed
data, and in weeding out blundemvﬂwsc
repeated measurements were taken in different
observed sessions at each station and the
results compared as shown in tables | w0 4
above. From the foregoing results and the
concluding analysis, the mean of repeated
measurements  of the same base using
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