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SUMMARY

The continuous GNSS modernization leads to improvement of the results from the
measurements. From technical point of view this necessitates an update of the requirements
for conducting of GNSS measurements.

This paper studies the overall quality of the results from the geodetic measurements,
conducted and processed with certain, but various values of to# emgle and length of the
session.

Several spatial chords withfirent lengths were measured and the results were analysed,
using own geodetic software. The experiment is one continuation of a previous study of the
author, now done in the light of current requirements for GBSS measurements and
technical possibiliies.

Recommendations and proposals are also given.
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Study on the Quality of the GNSSMeasurementsin Static mode if Applying
Certain Values of the Parameters, Followingthe Current Regulatory
Requirements

Gintcho Petkov KOSTOV, Bulgaria

1.INTRODUCTION

GNSS constellation isubject of continuous improvements from various aspéetg.
enhanced internal atomic clocks, improved accuracy, &taig inevitably changabe overall
performance of the system atehds forward tdetter navigationand possibility to obtain
higher accuracythan before More information about the GNSS modernization could be
found at [http://www.gps.gov/systems/gps/modernizafipn
[http:/mwww.af.mil/News/ArticleDisplay/tabid/223/Article/109195/gjils-4-successfully
launchedfrom-capecanaveral.aspx] [http://www.space.com/2119gpssatellitelaunch
atlas5.html], [http://gpsworld.com/category/grsgstem/gpsnodernization/]
http://www.gps.gov/systems/gps/modernizatiand many othersAlso, the following words
could be addedGGPS Il satellites wi deliver three times better accuracyO as stated in
[http:/www.examiner.com/article/nexfeneratiorgpssystemadvancingfast].

Additionally, a lot of publicationsfor the next satelli®Olaunchescould be foundat
[http://www.geoconnexion.com/uploads/publication_pdfs¥ib8i2-A-betterplace.pdf] and
[http://www.gps.gov/multimedia/presetions/2013/11/USTTI/kim.pdf]. Publication for
GLONASS status and progresscould be read in [http://www.glonass
center.ru/aboutlAGGLONASS%20STATUS%20and%20PROGRESS.pdf].

It is known, thalGPS measurements in static metieuld be conducted elear horizonwith

no active or passive disturbers in the vicinity of the site iretarder toobtainresultswith the
expectechigh quality, alsado avoida potentialdamageof the equipmentThese conditions,
also theoccupation timefor the relevant lengths of the baselines are described in [MRD,
2011].

Based orthe mentioned aboyé should be noted, thélhe parameters of #hsysten{i.e. cut
off angle, length of the session and record retelld bealteredto certain valuesThe aims
could be andare not limited to

-adherence tthe regulatory requiremenfisr GNSS measurements

-conducting experiments;

-improvament ofthe final results from the measurements

-to obtainproductivityin the processf performing of the geodetic measurements
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The task of this experimentre:

- to conductGNSS measurements static mode- explicitly in an open field environment
based on theegulatoryrequirementgiivenin [MRD, 2011}

- to process andnalysethe results with specialized own geodetic softw@ne important
advantage dthe lastis itsability to analysevarioussets of datg

- to link the results and conclusions of the current experiment with previous authorOs work.

The measurementsubject of this studgredoneusingcertainvalues of thgparametergcut
off angle, length of the session and record raté)e systemseechapter 3

2. PRACTICAL IM PLEMENTATION OF THE EXPERIMENT

In this paper, the followingtudymethodology waspplied

2.1 Type ofthe Conducted Geodetic Measurements

Static method for GNSS measurements waed Three spatial chordgbaselines)were
subject ofgeodeticmeasvements anaverall quality assessmenAll points were situated in

open field environment with clear horizon, out of the urban areas.

The points of the spatial chordsvere choservery carefully, according to the following
circumstances andiles

2.1.1Referencestation

One and the same reference point was us#ds experiment.
2.1.2Rovers
The stations for the rovers were points friiranationalgeodetic network.

2.1.3Lengthsof thebaselines

Thedistances between the referengmintand the roversvereselectedo beas follows up to
10km, from 10 kmup to20 kmandover 20km - according to [MRD, 2011

2.1.4Requlatory requirements

In this experiment werestrictly applied the requirementsfor: lengths of thebaselines
environmental conditiongutoff angle, occupation time and record rate, as notg¢tiRD,
20117.
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2.2 Previous AuthorOs Experiments

This study was linked tother results and conclusiongiven in[Kostov, 209], [Kostov,
2010] Along with the explicit requirementshe paperalso usescut-off angle 0 degrees
length of the session 10 min.the GNSS system, based on the cited literature.

3. CONDUCTED EXPERIMENTAL GNSS MEASUREMENTS IN STATIC MODE,
APPLYING BOTH THE REQUIRED AND PROPOSEDVALUES OF THE
PARAMETERS IN THE SYSTEM

In this study, as notethreebaselinesveresubject of measuremeraad analys. They were
namedas follows: Qup to 10 kmQ, CGrom 10 up to 20 kmO and Qover 20 kmO. The
measurementfr eachspatialchordwere divided into 3 sessiojsonducted consecutively)
and performedduring daytime.The cutoff angle was set to O degree®. it was given the
possibility all visible satellites to be trackekthe work of the controller wagbservedduring
the measurements and it was noticed thatréhevantnoisy signalsof the satellitesvere
excluded from the measuremergsealso[Kostov, 2010].

3.1 Procedure for baselineQup to 10kmQ

a) The first session was chosen to Iast 15 min., accordingo the requirements, given in
[MRD, 2011.

b) The second session was performmaght after the first one, without change the
parameters, except the length of the occupation time, which was dosédeo30 min.).

c) The last(third sessiopwasconducted fod 0 min., according to the results and conclusions
in [Kostov, 2009 and it was started after the second one.

3.2 Procedure for baselineOfrom 10up to 20kmO:

a) The length of the first sessidar this baselinewas set to 40 minas required ifMRD,
2011].

b) The second session wasarted as already notedonsecutivelyafter the first. The
occupation time was doublém 40 to & min.No other change in thgystenOs settingsas
done

c) The third sessiomwasconductedor 10 min.,based on the same principlegagenin point
3.1c.

3.3 Procedure forbaselineOover 2&kmO:
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a) The occupation time of théirst session was set to 60 mibased orthe requirementsn
[MRD, 2011].

b) The next session wa®nductecconsecutively aftethe firstone Thelength of the session
for theseGNSS measurements was set to 120 min.

c¢) Thethird session was done for 10 min., according.thc and 3.2.c.

4. USED CRITERIA FOR OVERALL QUALITY ASSESSMENT OF THE
PERFORMED GEODETIC MEASUREMENTS

Within this study,the following criteria were applied:

-Quality inthe positior M ,;

-Quality in theheigh' M, ;

-Elements of the coariance matrixof thespatialchord Q,,,Q,,and Q.,;

-Number GDORmax);
-Number PDOP(max)
-Number HDOP(max)
-Number VDOP(max)

The numbersGDOP,PDOP, HDOPancVDOPare part from DOP factor for accuracy,
described in details in [Wellenhof et al., 2002].

5. NUMERICAL RESULTS FROM THE EXPERIMENTAL GEODETIC
MEASUREMENTS. ANALYSIS

Tables NN 13 containinformation from thepostprocessing of the GNSS measurements
using cut-off angleof O degreesRespectively,dbles NN 46 summarize th@ostprocessing
resultsof the baselinefor cut-off angle set to 15 degrees

The values of the quality criter{described in details in the previous chaptetablesNN 1-

6 are used later on as input variables in $pecialisedgeodetic software/ienna_Fuzzy
(based on the fuzzy logic controllefThe applicationcalculates the rating value of each
measuredbaseine and gives the geodesedditionaluseful informatiorfor the overall quality
of the system subject of analysigin our caseb each baseline In this way the quality
assessment of the measubsdeliness independenfrom the so called Ohuman faQdfor
our ecific case, the bigger the rating value, the better the overall quality of the system.

Accordingto theprevious experiments, done by the author, the system was subject of detailed
guality assessment, using explicit valdestwo parameters (ctdff angleof 0 degreesand
occupation timeset to 10min.).
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length of thebaseline- up to 10 km, cut-off angle Odegrees

occupatior] —
time criteria
M Mh GDOP| PDOP| HDOP | VDOP
[mr%] [mm] Q11 Q22 Q33 max | max | max | max
10 min. | 0.7 | 0.9 |0.0000007§0.000000490.00000107 1.4 1.3 0.8 1.0
15min. | 0.5 | 0.7 |0.0000006¢0.000000340.0000004% 1.6 1.4 0.7 1.2
30 min. | 0.4 | 0.5 [0.000000270.000000170.00000027 1.6 1.4 0.8 1.2
Table 1
length of thebaseline- from 10 up to 20 km, cut-off angle O degrees
occupatio .
time criteria
M Mh GDOP| PDOP| HDOP | VDOP
[mr?w] [mm] Q11 Q22 Q33 max | max | max | max
10 min. | 0.5 | 0.9 |0.000016790.000008430.00001349 1.7 15 0.8 1.2
40 min. | 0.3 | 0.5 [0.0000034¢ 0.0000021|0.0000033¢ 1.7 15 0.7 1.3
80 min. | 0.2 | 0.3 |0.000002040.000001130.0000021§ 1.5 1.4 0.9 1.1
Table 2
length of thebaseline- over 20km, cut-off angle O degrees
occupatio .
time criteria
M Mh GDOP| PDOP| HDOP | VDOP
[mr?w] [mm] Q11 Q22 Q33 max | max | max | max
10 min. | 0.5 | 1.0 |0.000023640.000008470.00001754 1.7 15 0.8 1.2
60 min. | 0.3 | 0.5 [0.000003570.000001570.00000291 1.7 15 0.8 1.3
120 min. | 0.2 | 0.3 |0.000001810.000000590.0000013¢ 1.7 15 0.8 1.3
Table 3
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length of thebaseline- up to 10km, cut-off angle 15degrees

occupatior] —
oy @1 Q22 | Q33 (ST e | max
10min. | 0.6 | 0.8 | 0.0000008|0.000000490.0000012¢ 1.9 1.6 1.0 1.3
15min. | 0.5 | 0.7 {0.000000670.000000340.00000047 1.8 15 0.8 1.3
30min. | 0.4 | 0.5 |0.000000290.0000001¢0.0000002¢ 1.8 15 0.8 1.3
Table 4
length of thebaseline- from 10 up to 20km, cut-off angle 15 degrees
occupatior T
time criteria
oy @1 Q22 | Qa3 (ST e | max
10min. | 0.6 | 0.9 {0.000023510.0000089]0.00001548 2.1 1.8 0.9 1.5
40min. | 0.3 | 0.5 [0.00000374 0.0000023/0.0000035¢§ 1.9 1.6 0.8 1.4
80min. | 0.2 | 0.3 |0.000002630.000001270.00000259 4.3 3.6 2.4 2.6
Table 5
length of thebaseline- over 20km, cut-off angle 15degrees
occupatio o
time criteria
Mp | Mh 011 022 033 GDOP| PDOP| HDOP| VDOP
[mm] | [mm] max | max | max | max
10min. | 0.5 | 1.1 |0.0000275]0.0000104940.00002098 1.9 1.6 0.8 1.4
60min. | 0.2 | 0.4 |0.000003870.00000164%0.00000311 2.3 1.9 0.9 1.7
120min. | 0.2 | 0.3 |0.000002120.000000650.00000157 2.4 2.1 0.9 1.9
Table 6

5.1 Analysisof the Resultsfor BaselineQup to 10kmO

The measurementsprocessed with cdff angle set teeither O degreeor 15 degrees , see
table 1 and table 4ould be characterized witidealO and (&xcellen© (according to

[http://en.wikipedia.org/wiki/Dilution_of_precision_(GPS)alues of DORactor.
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It shouldbe noted that thé&ripled time for occupation othis spatial chorddid not lead to
substantiaimprovement of the quality in the positiaf the newdetermined point (0.7 mm

vs. 0.4 mm), see table The accuracy in the height component was increased with step of 0.2
mm, if occupation timevasextended

In case ofalteringof the cut off angle to 15 degrees, a very slight improvemeneaduhlity
in the position (from 0.6 mm up to 0.4 mm) and height (from 0.8 mm up to 0.5 mm) was
observed, see table 4.

5.2 Analysis of the Results for BiselineGrom 10 km up to 20kmO

The numerical values of theelevantcriteriafor this chordindicate continuous improvement

of the quality in the position and height for prolongedgth of the sessiofstarting from 10

min. up to 80min.). However, it should be noted that the improvement in the position is just
0.3 mm, respectively 0.6 mm in the height for 8 times much occupation time. DOP values for
this baseline (data processed with cut off angle of 0 degrees) are less tha@2gaEllen)

see table 2.

Slight increase in DOP values was observed in the session with occupation time set to 80
min., seetable 5. It should be noted thidie lowestvalue ofrating was calculated fahe
longest occupation time and enif angle of 15 degees, see table 10. Possible reason for the
derived low overall gality of this baseline could b&hevalue of GDOP criteriaSame values

for M, and M, were calculated for doubled @tripled length of the sessipifi appliedcut

off angle 0 and 15 degrees respectively.
5.3 Analysis of the Results for BaselineGover 20kmO

As it could be seen from table 3 and table 6 the quality in the positithe newdetermined
point increases from 0.5 mm up t@0nmm™bi.e. at about 2 times. However, the length of the
session was increasdcbm 6 up to 12 timesThe quality of the height component was
improved starting from 1 mm up to 0.3 mm for-cfit angle of O degreesee table 3.

DOP values for this baselingf used cutoff angle of O degreesjvere less than 2B
linguistically expressed as CexcellenO, see
[http://en.wikipedia.org/wiki/Dilution_of_precision_(GPS)].

If the cut-off anglewaschanged to 15 degrees, the ratdegreasedo 0.5, see table 12. In
case of setting this parameter to 0 degratwasobserved significanimprovement of the
overall quality of the systenThe ratingvalues staredfrom 0.57 andncreasedip t00.76 for
occupation times 1fin. and 120min. respectively, seetableN 11

Study on the Quality of the GNSS Meaurements in Static Mode if Applying Certain Values of the
Parameters, Following the Current Tegulatory Requirements 90f13
Gintcho Kostov (Bulgaria)

FIG Congress 2014
Engaging the Challenges, Enhancing the Relevance
Kuala Lumpur, Malaysid6 D21 June 2014



length of the baseline up length of the baseline up
to 10km, cut-off angle O to 10km, cut-off angle 15
degrees degrees
occupation time | rating occupation timg rating
10 min. 0.53 10 min. 0.33
15min. 0.52 15 min. 0.49
30 min. 0.52 30 min. 0.51
Table 7 Table 8
length of the baseline length of the baseline from
from 10 up to 20km, cut- 10 up to 20km, cut-off
off angle Odegrees angle 15degrees
occupation time | rating occupation timg rating
10 min. 0.58 10 min. 0.58
40min. 0.68 40 min. 0.68
80 min. 0.78 80 min. 0.56
Table 9 Table 10
length of the baseline over| [ length of the baseline over
20km, cut-off angle 0 20km, cut-off angle 15
degrees degrees
occupation time | rating occupation timg rating
10 min. 0.57 10 min. 0.57
60 min. 0.67 60 min. 0.50
120min. 0.76 120min. 0.50
Table 11 Table 12

6. CONCLUSION. RECOMMENDATION S. FUTURE WORK

This experiment studied the results from the ypoetessingnd the ratingf three baselines
with various lengthsfollowing the current regulatory requirements, also usergainvalues
of theparameters from previous work of the author.
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In tables NN 712 are listed e variouscalculatedvalues of the ratinfor each baselineThe
last denotes the obvious difference in the overall quality ofntb@suredaselines, subject of
assessment.

In the casé analysing spatial chord of up to 10 km at O degree®ffwngle, the rating is
almost one and the sarBevalued to 0.52 and 0.53 for observation tinfresn 10 up to 30
min., see table 7These results show that at short distances, if Usingstance cubff angle
of 0 degrees and length of the sessionTif., the final resultsvould havesimilar overall
quality, regardless to the occupation time. A change of theftangle to 15 degrees would
decease the quality of the results, see table 8, compared to table 7.

According to the middle range distand@the baselingdrom 10 up to 2&kmO,it could be
sunmarized that results with highest possible ovegallity could beobtained, ifdoubled
observatiortime was appliedas required by [MRD, 2011] amait-off angle of O degreesas
used see table 9

The analysis for the loagange distance (the spatial chord d@er 20 kmO) show, that
maximum overall quality was obtained for occupation timerh# at O degree cuff angle,

see table 11. The change of the-afitangle to 15 degregseetable 12was the possible
reason for the low value therating.

Nevertheless, based on the numerical results, given in table 3 it could be summarized that the
relative difference irM,, and the longest session wast 0.3 mm. Also, an improvement in

the position of the newletermined pint of only 0.1 mmwas achieved for doubled
occupation time (from 60 mirsetto 120min.).

Based orthe calculated numeric values of thusedquality criteria, also the rating of each
measuredbasdine it could be concludedith the following recommendations:

-if cut-off angle of O degrees applied with the usage of nowadagBNSSstatus theresults
from the posfprocessing of the baselinesuld havehighestoverall quality

-the extension of the sessfds lengthdoes not necessarily leads to (substantidy)
improvement in th@ccuracy of the determinatiaf the baselinesee tables NN 7 and 12;

-a prolongatiorof the occupation time woulchusesignificantly decreaseof the productivity
which isessatial for thegeodetic practice

-theimprovedquality (e.g.in the position of the newdetermined pointof all baselines under
assessment wasaximumO0.3 mm (derived experiméaldly, see tables NN 1, 2 andgl, 3vhich
might not be of significance for the geodetic appiass.

Future work- this studyand its experimental resulteuld beusedfor anupdate of the current
regulatory requirements, accordingthe technical possibilitiesowadaysandthe continuous
improvement of the GNSS status.
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Used Software:

1. Geomax Geo Office;
2. GNSSTransformations;
3. Vienna_Fuzzy.
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