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SUMMARY

Assessment of the overall quality of the GNSS measants is one important step, even if
continuous modernization of the system is performed

It is recommended, that before conducting of stgelheasurements a survey plan to be
created in order to get the most from the GNSSroétations.

The aim of this paper is to analyse the qualitjeca as results from the post-processing of
the planned satellite measurements of chords wattiows lengths. The author uses the
conclusions from his previous experiments, whichehstrong relation with the current topic.
In this specific case, several factors (e.g. pcattaspects, parameters of GNSS system,
safety) were taken into account.

The quality criteria, calculated by the GNSS pasiepssing software (applied with certain
values of the parameters of the system) were usadpat data in the specialized geodetic
software, using methods of Fuzzy Logic - Viennazfudor assessment of the overall quality
of geodetic measurements, determinations and nlesjvor

The final results from the application Vienna_fuzzyi.e. the rating of each chord were
analysed. Conclusions are done and proposals tiaefwork are given.

ABCTPAKT

Onenkata Ha 00moTo kadectBo Ha GNSS m3MmepBaHusTa € BaXKe€H €Tam, JIOPH KOTATo
cUCcTeMara € HempeKbCHATO MOA00psSIBaHa U MOJIEPHU3UPAHA.

[Ipenu u3BbBpIIBaHE HA CHBPTHUKOBH HM3MEpPBAaHUS C€ TpENophYBa Ch3/laBaHE Ha IUIAH 3a
HaOJIIOJIEHUATA C 11eJ1 J1a OhAaT U3BBPIICHHN BH3MOXKHO Haii-kadecTBeHH GNSSomnpenenenus.

[lenta Ha Ta3u cTaTus € Ja ce aHaJIU3UpPaT KPUTEPUHUTE 3a KAuyecTBO, IOJYyYEHH Ipu POSt-
processingHa IUIAHUPAHWUTE CITBTHUKOBH WM3MEPBaHHS Ha XOPAM C Pa3IiYHU IBDKHHU.
ABTOpPBT H3IOJI3BA 3AKJIIOUEHHS OT HETOBU IPEAMIIHHM E€KCIIEPUMEHTH, KOUTO MMAaT IpsiKa
BpB3Ka ¢ TeMaTa Ha To3H Marepuan. B To3um crnenmduyeH cimydvail, HIkoiko ¢akropa (Harp.
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MpaKTHYeCKH acrekTd, nmapamerpu Ha GNSS cucremara, Ge3omacHOCT) Osixa B3€TH IO
BHHUMaHUE.

Kputepuute 3a KkauecTBO, M3uHMCIeHH 4pe3 codryepa 3a POSt-processingc(npuioxeHu
KOHKPETHHU CTICIU(PUYHNA CTOMHOCTH Ha MapaMeTpUTe Ha CHcTeMara) Osixa M3IMOJ3BaHH KaTo
BXOJIHU JIAHHU B CHCHUATN3UPAHKs T'€0Ie3uUecK co)Tyep, M3MoI3Ball MeToauTe Ha Fuzzy
Logic - Vienna fuzzy {a omenka Ha 0OOIIOTO KA4eCTBO HA I'eOEC3MUYCCKUTE HU3MEPBaHUS,
OTIpEICIICHUS] K MPEKH).

Kpaiinute pesynaratu ot mporpamara Vienna_fuzzy —r.e. peiiTuHra Ha Bcska Xxopjaa Osixa
aHanmu3upanu. HampaBeHu ca 3akiltodeHus U ca JaJeHH IPenopbky 3a Obemma padboTa.
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Study on the Overall Quality of the Planned fast Static GNSS
Measurements, if Certain Values of the Parametersare Applied in the
System, Using Fuzzy Logic

Gintcho KOSTOV, Bulgaria

1. INTRODUCTION

During the recent years satellite technologies @mustellations continuously improve their

technical parameters, see [http://en.wikipediavailg/GLONASS],
[http://mww.ewdn.com/2011/06/02/glonass-sets-goadstceed-gps-accuracy-twofold-vice-
pm-guarantees-free-service-worldwide/] and

[http://mwww.pods.org/assets/file/PODS_UserConfeeeiratureofHigh-
AccuracyGPS_2011.pdf].

As a result of the updates of the system, the hasrthe possibility to track additional
satellites and obtain better overall quality.

Future modernizations of the GNSS technologiesplened, which will continue the work
for a better system performance
[http:/mww.ask.com/wiki/GLONASS#Renewed_effortsdamodernization].

Despite of the improvement of the IT in the area gatellite determinations, it is
recommended, that before conducting of GPS measmsna survey plan to be created and
used. It is supposed, that in this way the geotletisuld get the most from the satellite
measurements.

Taking into account the modernized GNSS technotogied planning possibility, there are
some topics to discuss, which should be answerdd results, numbers and conclusions.
Some of the main points to study might be:

— How much (in the terms of overall quality) willebthe improvement of the GNSS
determinations by the created survey schedule?

— Will there be a (significant) change in the valwé the quality criteria between th&orst”
and“best” time frames?

— Would the productivity be decreased?

This paper studies the results from the post-psicgf the planned satellite measurements,
if certain values of the parameters are appliethersystem, using the methods of Fuzzy
logic. The study tries to answer the above mentanesstions.

2. WAYSAND SOURCESTO PERFORM PLANNING OF GNSSMEASUREMENTS
If the survey work requires planning of GNSS measwents, the schedule could be created in

various ways:
2.1 Classical — by using the option from the firmware, generapiyovided with the
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equipment.

2.2 Cloud - nowadays, several web sites offer satellite ipteeh service, where the user can
create schedule, e.g. [http://mvww.trimble.com/GNBSRINngOnline/#/Settings],
[http://www.navcomtech.com/Support/Tools/satellregictor/main.cfm],
[http://asp.ashtech.com/wmp/]. It must be noted thi listing could be extended with other
references, also the last link is in beta versiah@period of writing this paper.

Useful information (session length, accuracy regjaints, visibility diagram, etc.) and details
how to manage planning of GPS measurements are usdsd in:
[http://maic.jmu.edu/sic/gps/planning.htm],
[http://mwww.navleader.com/GGE2012_LectureNotes/2tture110324 GGE2012_GPS04
Tutorial_byAhn_2pages.pdf],
[http://mww.navleader.com/GGE2012_LectureNotes/20ture110322_GGE2012_GPS03_P
lanningGPSsurvey _byAhn_2pages.pdf],
[http:/mww.oregon.gov/ODOT/HWY/GEOMETRONICS/doceggentations/2-10-

11 _Olsen_Armstrong-Part4_GNSS_Survey_ Planning.peft?g
[http:/mww.isprs.org/proceedings/XXXVII/4-W13/I0L0.pdf],
[http:/mww.romdas.com/romdascd/info/faq/GPS%208y#20Planning.pdf?token=d3d413
8d99e1556bdfb8cbbe8eb1260e99ffc63e|1328729771#PDFP] and
[http://www.gpsworld.com/survey/satellite-gps-glssasbas-mission-planning-8635].

In this paper the classical way for prediction atedlite availability was used.
3. PRACTICAL ASPECTSAND PARAMETERSOF THE GNSS SYSTEM

The experiment here uses the methodology, deschibled:

3.1 Type of survey. Fast static method for GNSS determinations waslwed. Permanent
GNSS network was not used. The spatial chordsestbf study and quality assessment (see
chapter 4) were chosen carefully, according tdalewing conditions:

3.1.1 Reference. One and the same reference pasusged,;

3.1.2 Lengths. Spatial distance between the reteramd the rovers selected to be: up to 5
km, up to 10 km, up to 20 km, up to 30 km.

3.1.3_Rovers. The rover stations were placed ontpdiom the existing geodetic network (in
proximity to or on major roads), which have clearihon.

3.2 Previous experiments. For this specific case and according to previauihor’'s results
and conclusions [Kostov, 2009], [Kostov, 2010], ff@v, 2010] the necessary values of the
parameters of the GNSS system were applied andinsader to get the most of the GNSS
measurements.

3.3 Factors. For the practical implementation were taken iatzount the following key
moments:

3.3.1 The safety, e.g. the measurements to be ctediduring daylight;

3.3.2_The productivity, e.g. the length of the g@ssset to a reasonable time;
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3.3.3_The convenience, e.g. each rover placed i wih easy access by car.

4. CONDUCTED PLANNED GNSSMEASUREMENTS

In this study several spatial chords were measurednbered and named as follows: RT 22
(Kaloianovec), GT 527 (Bogomilovo), RT 1829 (KEMhd GT 547 (Oriahovica).
The experiment was divided into four cycles of nueasents.

The first cycle was performed in a time span, whgobvides‘best” quality conditions in the
terms of: high number of visible satellites and IG&DOP numbers for the chords named
Kaloianovec and Oriahovica. Within this cyclejorst” conditions for satellite measurements
were chosen, i.e. low number of predicted satsllaed high GDOP numbers for chords
named Bogomilovo and KEN.

The second cycle of the measurements was chosenpasvide“worst” quality parameters
for the system, i.e.: low number of visible satelliand high GDOP values for the chords
named Kaloianovec and Oriahovica. The cycle alswists of‘best” quality conditions for
chords named Bogomilovo and KEN.

The third and fourth cycles from the conducted GNf&surements contain the geodetic
determinations for the chord named Bogomilovo. plamned time-windows were chosen as
to provide the“best” and “worst” values for: number of visible satellites and GDOP
numbers.

The measurements were done using a pair of GNSBvegs in fast static mode, during the
daylight. The analysis of the values of the qualitiyeria from the above mentioned cycles is
given in chapter 7. The study is done, using Fuegic's methodology and the specialized
geodetic software “Vienna_fuzzy”.

5. USED CRITERIA FOR OVERALL QUALITY ASSESSMENT OF THE
CONDUCTED GEODETIC DETERMINATIONS

For this specific case, the following quality critewere used:
5.1 Quality in position and heigM _ ;

5.2 Elements of the co-variance ma'Q,,,Q,,andQ,;
5.3 NumbeiGDORmax)

5.4 NumbeiPDOP(max’

5.5 NumbeiGDOF (min);

5.6 NumbelPDOP(min)

As it is known, the numberGDOF and PDOF are part from DOP factor for quality,
described in [Wellenhof et al., 2002].

TS03D - Multi-Sensor Systems, 5678 5/13
Gintcho Kostov

Study on the overall quality of the planned faatistGNSS measurements, if certain values of thameters
are applied in the system, using Fuzzy Logic

FIG Working Week 2012
Knowing to manage the territory, protect the envment, evaluate the cultural heritage
Rome, Italy, 6-10 May 2012



6. PROCESSING OF THE QUALITY CRITERIA, USING FUZZY LOGIC

Using the GNSS firmware, the raw data from thelk@eneasurements was post-processed
as to be calculated the values of the quality aitementioned in the previous chapter.
Specific values for the post-processing parametere used. The results were exported in
* prn format and the necessary data extractedderao be used further.

The information, subject of assessment was stredtand then entered in the specialized
geodetic software Vienna_fuzzy, which window isegivbelow in Fig. 1. Full description of
the application can be found in [Kostov, 2007].
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Fig. 1

The software Vienna_fuzzy, after performing the assary computations returns a value,
called rating. The last gives the user information about theraVejuality of the system,
under assessment, which in our case is each meashoal.

In this specific studythe bigger the value of the ratinthe better the overall qualitgf the
system.

7.ANALYSISOF THE RESULTS
Based on the technical details, given in chapteio@; spatial chords with various lengths

were measured, using GNSS system. The results tiierpost-processing: M3D, Qxx, Qyy,
Qzz, GDOP (min), GDOP (max), PDOP (min) and PDOR{nase given below in tables NN
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1, 2, and 3. It should be noted that a float soiutwas produced for the chord named
Oriahovica (see table 1). Despite of the fact tihat value of M3D quality criterion was
within the accuracy requirements, the float soluticas excluded. It must be stated, that even
in the open field without obstructions, some of Wble satellites were thrown away by the
controller’s software.

In table 1 is given the information from the fisgcle of GNSS measurements. The table
consists of the results fothe best time-window in the daydr conducting of measurements
for chords: Kaloianovec and Oriahovica. Table b gdsovides information for the results for
“the worst time-window in the daybr chords: Bogomilovo and KEN. In the columindim
GNSS planning”is given the data taken from the GNSS firmware, clwvhiwvas used to
generate the schedule for conducting of the sitetieasurements. The last row contains the
final result from the analysis — the calculatedhgalue for each measured chord.

remote Kaloianovec| Bogomilovo KEN Oriahovica
station
length [km] 2.8 9.1 17.4 28.5
date and time 2.12.2012 | 2.12.2012 | 2.12.2012 | 2.12.2012

% > 14:26 13:11 12:26 11:21

& € | number

O ¢ ; 23 18 18 23

c g | satellites

[SlreY

= GDOP 1 1.2 1.3 0.9
M3D [m.] 0.00024 0.00069 0.0004 N/A
Qxx 0.00000021 0.00000027 0.00000276 N/A

s QWY 0.00000007 0.0000001 0.00000185 N/A

TS | Qzz 0.00000018 0.00000021 0.00000278 N/A

S |.GDOoP (min) 1.2 14 14 N/A
GDOP (max) 1.5 1.5 1.5 N/A
PDOP (min) 1.1 1.3 1.3 N/A
PDOP( max) 1.3 1.3 1.3 N/A
| rating | 0.78 053 0.52 N/A

Table 1

Table 2 contains the data for the second cycle fimenconducted GNSS measurements. It
includes the best time-window in the dajdr chords: Bogomilovo and KEN, also results for
“the worst time-window in the dayfor conducting of geodetic measurements for chords
Kaloianovec and Oriahovica. The numerical resudtstifie calculated rating values are given
in the last row of table 2 below.
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remote Kaloianovec| Bogomilovo KEN Oriahovica
station
length [km] 2.8 9.1 17.4 28.5
" date and time 02/18/2012| 02/18/2012| 02/18/2012| 02/18/2012
%) o 16:27:04 13:48:54 10:47:03 12:02:03
© '€ | number 18 23 23 18
£ c | satellites
2 2| GpoP 1.2 0.9 0.9 1.2
M3D [m.] 0.00017 0.00036 0.00064 0.00045
Qxx 0.0000001g 0.00000022 0.0000052 0.00000273
s LYY 0.00000009 0.00000008 0.00000299 0.0000019
T | Qzz 0.00000018 0.00000017 0.00000453 0.00000284
"5 GDOP (min) 1.3 1.5 1.2 1.4
GDOP (max) 1.6 1.6 1.8 1.5
PDOP (min) 1.1 1.3 1.1 1.3
PDOP( max) 1.4 1.4 1.5 1.3
| rating | 0.75 0.56 0.62 0.54
Table 2

In table 3 are listed the results from the postessing only for the chord named
Bogomilovo, using botkthe best time-window in the daydnd ‘the worst time-window in the
day”. The planned geodetic measurements were conductedlifferent day from first and
second cycles (as noted in the table). The valt#seccalculated rating values for this chord
are given in the last row of table 3.

It should be noted that under the termme’ worst time-window in the dayShould be
understood a time-window wheninimum number of satellitege visible (according to the
planning software) anthaximum valuéor GDOP was predicted. Within the tefthe best
time-window in the day’is denoted a period from the day, whaaximum satellitegre
visible, along withminimum valudor GDOP.
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remote station Bogomilovg Bogomilov
length [km] 9.1 9.1
0 . 02/19/2012 | 02/19/2012
N
z £ date and time 11:55:01 | 10:56:08
5 number satellites 18 23
22 | cpopr 1.2 0.9
M3D [m.] 0.00076 0.00077
Qxx 0.00000016 0.00000027
o Qyy 0.000000113 0.00000019
b Qzz 0.0000001§ 0.00000022
5 GDOP (min) 1.4 1.3
GDOP (max) 1.5 1.6
PDOP (min) 1.3 1.1
PDOP( max) 1.3 1.4
| rating | 0.56 0.63
Table 3

The results from the processing of the data frast ind second cycles, using Fuzzy logic are
summarized in table 4 and table 5. They contaim#ezssary information for further analysis

of the calculated rating values. In the last rowatiie 5 are given the differences in the rating
values between first and second cycles.

first cycle
remote stations Kaloianovec Bogomilovio KEN Oriatvavi
lengths [km] 2.8 9.1 17.4 28.5
number satellites 23 18 18 23
GDOP 1 1.2 1.3 0.9
rating first cycle 0.78 0.53 0.52 N/A
Table 4
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second cycle
remote stations Kaloianovec Bogomilovp KEN Orialvavi
number satellites 18 23 23 18
GDOP 1.2 0.9 0.9 1.2
rating second cycle 0.75 0.56 0.62 0.54
o_hfferences in rating between 0.03 0.03 0.10 N/A
first and second cycles

Table 5

The data, given in table 6 and table 7 summarizedinal results from the computations for
third and fourth cycles, applying Fuzzy logic. Ttaeles contain the information, required for
the necessary analysis of the rating values. Inasterow of table 7 is given the difference in
the rating values between thHbest" and "worst" time frames for the chord named
Bogomilovo.

third cycle
remote station Bogomilovo
number satellites 18
GDOP 1.2
rating for “worst” time frame 0.56

Table 6

fourth cycle
remote station Bogomilovo
number satellites 23
GDOP 0.9
rating for “best” time frame 0.63
differences in rating between 0.07
third and fourth cycles '

Table 7
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Based on the performed GNSS planning, accordinthéocalculatedinal results i.e. the
rating value for each cycle and chord, it couldsbmmarized:

7.1 First and second cycles

7.1.1_ Chord Kaloianovec

The difference in the rating values between thestes of measurements for the chord is
0.03. According to the principles of Fuzzy logicduld be noted that the conducted geodetic
determinations in the first and second cycles Isawdar overall quality.

7.1.2_ Chord Bogomilovo

The difference in the rating between these cycte9.03. The conclusion for the results
should be similar as in point 7.1.1.

7.1.3_ Chord KEN

The final result from the analysis, concerning ¢therd, which length is over 15 km shows a
difference of 0.10 between the rating values (ffost and second cycles). It should be noted,
that this value indicates slight, but not a quigmgicant change in the overall quality of the
conducted geodetic measurements.

7.1.4 Chord Oriahovica

According to the results from the post-processifigthe first cycle, the produced float
solution for this chord was excluded.

7.2 Third and fourth cycles

The planned GNSS measurements for these cycles exetesively conducted for a chord
with length of up to 10 km, named Bogomilovo. Thlaagth was chosen for special analysis
as such spatial distances are one of the commahingbe geodetic practice. The calculated
difference in the rating values between these eyide0.07, see table 7. Based on theory
foundations of Fuzzy logic, it could be concludidttno (significant) difference exists in the
overall quality of the geodetic measurements, cotetlin third and fourth cycles.

8. CONCLUSIONS

According to the given results and analysis in ¢ap, it could be concluded that very small
differences in the overall quality of each measuieord were observed between the relevant
cycles (first and second; third and fourth).

The topics to discuss, given in chapter 1 couldrmmvered in the following way:

— There is a quite small improvement in the oveyaklity of the measured chords between
“the worst time-window in the daydnd ‘thebest time-window in the dayh the terms of the
calculated rating values. Numerically, the differernn the rating is within the interval [0.03-
0.1].

— The calculated values of the quality criteriadach chord and cycle vary. This was one of
the main reasons to apply Fuzzy logic in order riedpce objective results for the overall
quality of the measured chords.

— It could be noted, that the productivity was @ased, as a strict schedule for conducting of
the measurements was used.
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For certain projects or when explicitly require¢arming should be used in order to produce
the maximum possible overall quality for the resuftom the GNSS measurements.
According to the recent improvements of the IT e GNSS, also based on the results in
chapter 7 it has be noted that for geodetic apydies, which do not require high level of
accuracy, planning may not give significant chatggthe quality of the measurements. Also,
as already stated it leads to a decrease of thecw@ productivity of the GNSS
determinations.

Future work and experiments could include analgsiplaces with existing obstructions and
their influence on the results of the geodetic meawents.
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