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Summary

In the decision-making process, what kind of GP8iggent to purchase, one faces the
dilemma, to take either GNSS (=GPS+GLONASS) or @G&®ivers only. In the case of the
full completeness of the GLONASS satellite systémg dilemma would certainly not exist.
The solution to this dilemma is given for a corstedn of 14 operational GLONASS
satellites. Due to the short operational periodhese satellites (for example GLONASS-M
only 5 years), and not launching new ones, in thanent (July 2008), there are only 16
satellites operational. In our research work wedusgout 252 RTK measurements obtained
with both GPS only and GNSS receivers. We will shoew the answer to the dilemma
depends on the obstruction of horizon at the statBesides that, the initialisation time of
both systems has been investigated on the basabamft 480 measurements, using rover’s
antenna with metal cover, during intervals of 023nd 5 seconds. Finally, the accuracy has
been investigated and compared to the accuracyeduhdancy of GPS and GNSS RTK
measurements given by the manufacturer.

1 Introduction

The Tables 1 and 2 show the simplest interpretatiodd overview of the nowadays and
futures developing satellite positioning systems.

Table 1: The overview of the GPS satellites andgtsmgnals, by Reaser (2006)

Signal Year of
Satellite| L1 L1 (L1M | LIC L2 L2C | L2M | L5 launching
block | C/A | P(Y) P(Y) or planned
launching
IR v v v 1978 - 2005
IR-M v v v v v v Sept 2005
1" satellite
lIF v v v v v v v March 2008
A v v v v v v v v' | Jun 2013




Table 2: Overview of GLONASS satellites and signadsed, by Dvorkin et al (2006)

Average Year of
. . of launching Total number of
Satellite Signal / frequency| , , .
satellite’s the first satellites
life span satellite
L1 L2 L3 1993 12
GLONASS v v 2 years 1983 1995 26
Middle of
GLONASS-M| Vv v 5 years 2001 7
2003
Planned for thq
GLONASS-K| Vv v v 7 years ] 2006 14
middle of 2008
March
10
2007
Planned
18
2007
Full
Planned )
constellatio
2009
n24

Both Tables clearly show the planned modernisatiang transitions from two to three
carriers for both systems. Three frequencies wilipriove accuracy, reliability and
initialization time of the rover.

For getting the information of the accuracy, thegmsion and the economy of the modern
GPS and GNSS (GPS+GLONASS) receivers, it was nagess take a right method of
measuring, the testing network, the mono and hyatidllite receivers. Since 1994, the RTK
method of measuring has been developing. After SA&®OS network of the permanent
stations has been established in Germany, in &%t of the cases RTK method is used in
practice. In geodetic applications, the highly peaeal time positioning service (HEPS) is
favoured. Therefore, for this investigation, thekRihethod has been used throughout. The
testing network of the University of Applied Sciesdresden has been used. This network is
situated in the flood planes of the river Elbehe tentre of Dresden, Fig.1. The horizontal

uncertainty of the points in the test networksjs=10mm, and for the heights, =5mm
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Fig. 1: Test network of the University of Appliedi&nces Dresden

Trimble R8 GPS and R8 GNSS receivers were usedn@field test measurements, the need
for the new construction solution occurred, whiabuwd enable transport of two receivers by
one person, Fig. 2, 3 and 6. Primarily due to ttiseénce of the ionosphere, troposphere and
identical constellation of satellites, measuringl ha be carried out consecutively in time.

Therefore, one carrier pole was used for both ar@gnfor both receivers and for the two

portable field computers ACU(Advanced Control Uniit)g. 2, 3 and 6.

Fig. 2: Transport over short distances Biglransport over longer distances

In the German federal state of Saxony, permaneiioss are not equipped with GNSS
receivers. Therefore, our own permanent station wsesl. During this investigation the
corrections were transmitted by our own radio tnaitter and using GPRS via NTRIP
protocol and RTCM 3.0 format.



2 Short description of the equipment

The modern Trimble R8 GPS and R8 GNSS receivers w&zd in this investigation. Trimble
R8 GPS is a dual-frequency, 24 channels GPS racewtd integrated GPS antenna and 450
MHz radio-transmitter, Fig. 4. This system enablesording satellite signals at low
elevations. It enables completely wireless Bludit@atommunications between the receiver
and the control unit (ACU). Besides phase obsewmation L1 und L2 carriers, code on C/A
on the L1 carrier, P-code on L1 and L2 carriersmaighis technology L2C signal can also be
recorded. (The first satellite with L2C signal wasnch on September 25, 2005).

Fig. 4: Trimble R8 GPS-receiver Fig. 5: Trimble 88ISS-receiver

Maximal distance of the transmitting RTK-correctistom base station, in accordance with
firmware declaration, is 3-5 km by a transmittewpo of 0.5 W. This investigation showed
problems at much shorter distances of 1.6 km. Alinble receivers can be used as rover as
well as base station. The initialisation time o ttover is 10 seconds + 0.5 seconds/km for
distances up to 30 km.

The Trimble® R8 GNSS-receiver is a multi-channetl anulti-frequencies GNSS-system.
The number of channel is 72, which enable recordibhgC/A-code, P-code on L1 and L2
carriers, L2C code, phase measurements on L1, 42 &rcarriers, and recording GLONASS
signals as well, Fig. 5. A new RTK-engine (Trimiaxwell TM Custom Survey GNSS-
chip) enables very fast initialization of the rovéxccording to firmware declarations, an
initialisation takes less than 10 seconds. In thepter 5, these times were investigated more
closely.



3 Test networks and the analysis of the measurements

The test network of University of Applied Sciend2sesden was used for this investigation.
Horizontal position and height accuracy of the rmekwvis better than 10 and 5 mm,
respectively. The network consists of 38 pointdwmid or low obstructions of the horizon, 48
points with medium obstructions up to 35% and 4@hggoshow high obstructions of the
horizon above 35%. The measurements have beeniddme sessions using each rover,
Table 3, 4, 5 and 6. For the elimination of outljat was necessary to define tolerances for
the differences between observed coordinates amdrkigsoordinates of the test network.

The rover’s antenna height was only 1.794 m, ferrdgason of the fast changes of GPS and
GNSS receivers during measuring at each point,@igensitivity of the circular level on the
carrying pole is 8' for 2 mm of bulb shift, whatrimduces a centring error of 4.2 mm in the
horizontal plane and only a negligible error in #menna height.

On the base of the mentioned errors in the unceytaif the coordinates of the test network,
the horizontal (10mm+1mm/km) and the vertical (20mdmm/km) uncertainty, specified by
manufacturer, maximal distance between rover anse bstation of the 3.6 km, and
propagation of the errors, the expected standar@tiiens along side x and y axis and heights
results as follows:

0,, =7+ 422+ 962° =126 mm ando, =+5° +0? + 2362 =24.1mm, (1)
For a probability of 99% ang’ - distribution adequate tolerance deviations are:

A,, =+ 6630126=324mm; A, =+ 663[241=621mm A =+2 [B24% =458 mm.

These tolerance values were used for filteringienstl

Table 3: List of the results for the points, with@u with low obstructions of the horizon; in
the two sessions, 76 attempts of measuring usicly regeiver

Number of the Number of the
) ) Number of the . Sum of
Receiver | measurements with measurements with
o unsuccessful o the
RS standard deviation standard deviations
o measurements advantage
within tolerance out of the tolerance of RS
GNSS 72 94.74% 2 2.63% 2 2.63% GNSS
GPS 67 88.16% 1 1.32% 8 10.53%
Advantage
of GNSS
R8 in the +6.58% -1.31% +7.90% +13.17%
percents
with sign +




Table 4: List of the results for the points, witledum obstructions of the horizon; in two
sessions, 96 attempts of the measuring using eaelver

Number of the Number of the
) ) Number of the _ Sum of
Receiver | measurements with measurements with
o unsuccessful L the
R8 standard deviation standard deviations
o measurements advantage
within tolerance out of the tolerance of RS
GNSS 85 88.54% 0 0.00% 11 11.46P0 GNSS
GPS 78 81.25% 0 0.00% 18 18.75M0
Advantage
of GNSS
R8 in the +7.29% 0.00% +7.29% +14.58%
percents
with sign +

Table 5: List of the results for the points, witighh obstructions of the horizon; in two
sessions, 80 attempts for the measuring using reaelver

Number of the Number of the
] , Number of the , Sum of
Receiver | measurements with measurements with
o unsuccessful o the
R8 standard deviation standard deviations
o measurements advantage
within tolerance out of the tolerance ¢RE
o
GNSS 20 25.00% 35 43.750/‘6 25 31.25% GNSS
GPS 15 18.75% 43 53.76% 22 27.50%
Advantage
of GNSS
R8 in the +6.25% +10.10% -3.75% +12.51%
percents
with sign +




Table 6: Recapitulation of the all measurementsiedhrout (points with low, medium and
high obstructions of the horizon); in two sessi@b2 attempts the measuring using
each receiver

Number of the Number of the
) _ Number of the _ Sum of
Receiver | measurements with measurements with
o unsuccessful L the
RS8 standard deviation standard deviations
o measurements advantage
within the tolerance out of the tolerance of RS
GNSS 177 70.34% 37 14.68% 38 15.08% GNSS
GPS 160 63.49% 44 17.46% 48 19.05%
Advantage
of GNSS
R8 in the +6.75% +2.78% +3.97% +13.50%
percents
with sign +

Table 3, 4, 5 and 6 are reporting by themselved,rancomments required. The advantage is
obvious in the redundancy of the hybrid R8 GNS&irams, for the all kind of the
obstructions of the horizon. It makes up 13.5%wshm the last column of the Table 6.

After eliminating the measurements with outliersanslard deviations of the single
measurements calculated, depending on rate ofteuation of the horizon, alongside of the
coordinate axis x, y, h, as well as, in the hartabplane and in the heights, Table 7.

Table 7: Standard deviations of a single measurendepending on the rating of the
obstruction of the horizon.

Standard deviations for R8 GNSS Standard deviationR8 GPS
Obstructions i horizontal i horizontal
y X heights y X heights
of the plane plane
. [mm] | [mm] | [mm] [mm] | [mm] | [mm]

horizon [mm] [mm]
low 11.98| 10.78| 33.09 16.11 12.16 13/0B2.83 17.81
medium 11.66/ 10.95 30.16 16.00 11.87 13.429.46 17.61
high 12.61| 10.62 35.04 16.49 12.89 12,735.57 18.19

From Table 7, one can see the advantage in thezdmbal position accuracy of the
coordinates stated by the R8 GNSS-rover for akksad the horizon obstructions. The same
statements can be made for the accuracy of detemgnihe heights. It is important to note
that all measurements were testing for normalidigtions.



Fig. 6: Pole with both rovers, both ACUs and tlamsporting bike.

4 Investigations of the accuracy declared by manufacturer

The task was to investigate the accuracy declayethé manufacturer, for the horizontal-

positional and height precision (accuracy) as timetion of distance between the rover and
base station, (10mm+1ppm and 20mm+1ppm). As thgelindistance between rover and
base station was 3.6 km it follows, that achieveditpnal-horizontal precision should be

13.6 mm and standard deviation for the heights Ishbe 23.6mm. Standard deviations from
Table 7 calculated from the residuals of the knamoordinate of the known points and the
point’s coordinates determinded by RTK measuremdntseans, these standard deviations
are biased by errors of the coordinates of knowntpoThey totalize, for the horizontal plane

10 mm, alongside axis x and y up to 7 mm, and &glits (levelling) 5 mm. Using Table 7

achieved precision of measurements can be evalbgtdlowing formulas:

S =) -10 i 8 =8 -5, )

where
§' - Standard deviation in horizontal plane, Table 7

s”- Positional horizontal precision, Table 8
S, - Standard deviation of the height, Table 7, and

S - Precision of measuring height, Table 9.



Table 8: Test of the horizontal positional preaisio accordance to manufacturer declaration

Positional horizontal precision in accordance maotuirer declaration 13,6
mm
R8 GNSS R8 GPS
Significant Significant
obstruction _ limits of ) limits of
of the £ mm) Testing the £, mm] Testing the
_ value , value ,
horizon testing testing
value value
low 12.64 60.97 91.17 14.74 77.53 85.51
medium 12.50 70.96 105.89 14.50 87.53 97.96
high 13.11 17.66 36.68 15.19 17.46 29.12

Table 9: Test of the precision of the height incadance to manufacturer declaration

Precision of the height in accordance to manufacteclaration 23,6 mm
R8 GNSS R8 GPS
Significant Significant

obstruction Testing | |imits of Testing | limits of

ofthe | S [mm] value the S u [mm] —2 the

horizon X testing value X testing

value value

low 32.71 136.39 91.17 32.44 124.70 85.51
medium 29.75 133.48 105.89 29.03 116.5(1 97.96
high 34.68 41.03 36.68 35.21 31.16 29.172

The test of the standard deviation was implemeaseillows: The Null hypothesis is

Where:

Testing valueX =5z

Hy:

s=a,

— k

EZ

0

k=n-1: redundant number of the measurements,

S:
(O

empirical standard deviation, and
standard deviation by the manufacturer specibcati

The significant limit of testing valug’ can be taken from the table fpt — distribution, for

the probability of 99% and variable number of degref freedonk, Tables 8 and 9.



If the X~ <X2 then the null hypotheses is acceptable.

From Table 8 one can see, that both receiversllifudfi declared horizontal positional

precision. On the contrary, the declarer precisiérthe determining the heights was not
reached by any receiver, Tab. 9. This can begligrexplained by different influence of the

multipath-effects for the different antenna typeedisduring the determination of the
coordinates of the test network, Bilajbegoet al (2007), Wanninger et al (2006). Position
precision, obtained by GNSS receiver is, in averdge 2 mm better (or 14%), but, the
precision of the determination of the heights issedoy 0.3-0.7 mm (or 0.9-2.2%).

5 Investigation of theinitialisation time of thereceivers

With a view to the investigation of the receiveirstialisation time a reference station was
placed at a distance of about 100 m from rover.rblrer's antennas were separated by about
2 m and were covered by metal cover, for the peob@.5, 2 and 5 seconds, Fig. 7. The
measuring were implemented successively, one aftether one, for both receivers. 80
measurements were taken, using both systems, aeddb period of covering of the antenna,
or in total, 480 measurements. The initialisatiomasurements were carried out at two days.
For the sake of the elimination of the eventualiers, the coordinates of the rovers were
determined from 1000 measurements during the digt but, from the 4000 measurements
during second day. The recorded measurements en@bteadout the lost initialisation time-
intervals and re-initialisation time-intervals ohet receivers. Analysing the resulting
measurements, it was possible to identify two wrdky of the initialisation, as follows: after
lost of the initialisation due to the high standatdviations and interval time of the
initialisation after lost of initialisation in coaguence of covering antenna.

Selected investigating results are displayed inTtiae 10.

k |

Fig.7: Investigation of the initialisation times thie receivers



Tablel0: Overview of the intervals of the initia@i®ns of the rover receiver

Declared Declared
R8 GNSS| time-interval| R8 GPS | time-interval
[seconds] of the [seconds] of the
initialisations initialisation
Time-interval after the
initialisation lost because of high 13.9 <10s 24.0 10s
standard deviations
Time-interval after the
initialisation lost because 8.0 <10s 25.2 10s
(antenna covering)
Generally, average time-interval
e 8.2 <10s 25.2 10s
of the initialisation
Time —interval after covering
5.2 <10s 21.7 10s
antenna for the about 0,5 seconds
Time—interval after covering
6.9 <10s 245 10s
antenna for the about 2 seconds
Time—interval after covering
12.5 <10s 27.6 10s
antenna for the about 5 seconds

Manufacturer’s declaration for the time-intervafsloe initialisation for the R8 GNSS is <10
seconds, but for the R8 GPS receivers 10 s +0/5 ¢lp to 30 km distances from the
reference station). Obviously, in accordance to Trable 10, the time-interval of the
initialisation is a function of lasting of coverirgf the antenna, and it is shorter for shorter
time of covering antenna. Beside of that, average of the initialisation of the R8 GNSS-
receiver is shorter, an in the average, is treegishorter relative to R8 GPS-receiver, and is
even shorter than declared manufacturer time. Timegval of the initialisation for R8 GPS-
receiver is longer for about 2,5 times than martufac declared time.

6 Conclusions

The investigation described in this paper shows filmathe constellation of 14 GLONASS
satellites:

* Hybrid R8 GNSS-receiver are more reliable relatitgp R8 GPS, for the
measurements on the points with the horizon olbstne: low, medium and high
ones, expressed in percents, it is better by 13% ,



The horizontal positional standard deviation igdyelby about 14% than for R8 GPS-
receiver,

The accuracy for the heights is the same as fodGRS,

The initialisation time-interval is 2.5 times sharthan for R8 GPS,

The initialisation time-interval is a little shortethan in the manufacturer’s
specification,

The both systems R8 (GNSS and GPS) yield horizgméatision specified but not for
the heights,

Receiver R8 GPS has almost 2.5 times longer iiséiabn time relating to
manufacturer’s specification,

Using the hybrid system R8 GNSS one can deternboetar0% points in the cities
area, whereas, by the receiver R8 GPS about 63ftspoi

It's worth noting that all statements above arddvébr a constellation of 29 GPS and 14
GLONASS satellites and for the area of the testvagk of University of Applied Sciences in
Dresden. It varies depending on the number of abkalsatellites and measurement location.
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