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Ozet

Diisiik maliyetli GNSS alicilari, teknolojik gelismeler sayesinde hassas konumlama ihtiyaci i¢in bir
alternatif haline gelmeye baglamistir. Bu alicilarin bir kismi, mutlak konum belirlemeye (SPP) ek olarak
hassas konum ihtiyaci i¢in faz Olgiilerini kullanarak gergek zamanli kinematik (RTK) yontemini de
desteklemektedirler. Bu ¢alismada, tek ve ¢ift frekansli diisiik maliyetli GNSS alicilarinin kinematik
konumlama dogrulugu, farkli takimyildizi kombinasyonlar1 ve konum belirleme yontemleriyle (SPP ve
RTK) arastirilmistir. Aragtirma kapsaminda ¢ift frekansli u-blox ZED-F9P ve tek frekansli u-blox NEO-
MS8P GNSS alicilar ile {i¢ adet saha ¢alismasi yapilmigtir. Bu ¢aligmalarda, yardimei donanim olarak
ANN-MB-00 GNSS anteni ve Tallysman TW165 GNSS sinyal ayirici kullanilmugtir.

Ik olarak, ideal kosullarda, sabit bir noktada diisiik maliyetli GNSS alicilarinin RTK yéntemiyle
konumlama dogrulugu incelenmistir. GNSS anteninden gelen sinyal, iki adet u-blox NEO-M8P ve iki
adet u-blox ZED-F9P alicilarina iletilmis ve u-center yazilimiyla degerlendirilmistir. Bu sekilde zero-
baseline (sifir uzunluklu baz) sonuclari elde edilmistir. Sonuglara bakildiginda, baz ¢éziimiiniin alici
icin tanimlanan santimetre mertebesinde dogruluklara ulagildig goriilmiistiir.

Ikinci saha galigmasinda, sabit bir noktada diisiik maliyetli GNSS alicilarinin SPP ydntemiyle kinematik
konumlama dogrulugu arastirilmistir. ANN-MB-00 anteninden gelen veri, GNSS sinyal ayiriciyla
¢ogaltilmis, biri yalnizca GPS digeri GPS/GLONASS takimyildizlarini kullanan iki adet u-blox NEO-
MSP ve biri yalnizca GPS digeri GPS/GLONASS/Galileo/BeiDou takimyildizlarini kullanan iki adet u-
blox ZED-F9P GNSS alicilartyla yaklasik 30 dakika siirecek sekilde 2 farkli oturum yapilmustir.
Sonuglar karsilastirildiginda, ¢oklu-GNSS ile konum dogrulugunun iyilestigi sonucuna varilmigtir.
Uciincii saha calismasinda, hareketli diisiik maliyetli GNSS alicilarinin kinematik konumlama
dogrulugu analiz edilmistir. U-blox ZED-F9P ve u-blox NEO-M8P GNSS alicilarmin kinematik
konumlama performansini test etmek amaciyla arag iizerine yerlestirilen ANN-MB-00 anteni ile
yaklasik 30 dakika sehir i¢cinde, RTK ve SPP yontemleriyle gozlem yapilmistir. GNSS alicilarinin SPP
sonuclari incelendiginde, u-blox ZED-FI9P ile 3,74 m, u-blox NEO-MS8P ile 4,61 m konumlama
dogrulugu elde edilmistir. Sehir i¢i konumlamada, uydu sayisindaki artisin konum belirlemeye katki
sagladigi gozlemlenmistir.

Sonug olarak, OEM GNSS alicilarinin, hidrografik 6l¢gmeler, agik maden isletmeleri ve akilli tarim
uygulamalar1 gibi ¢evresel kosullarin iyi oldugu ortamlarda, ekonomik ve giivenilir bir sonug¢ verecegi
sOylenebilir.
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Abstract

Low-cost GNSS receivers are becoming an alternative for precise positioning needs thanks to
technological advances. Besides single point positioning (SPP), some of these receivers also support
real-time kinematics positioning (RTK) using carrier phase measurements. In this study, the kinematic
positioning accuracy of single and dual-frequency low-cost GNSS receivers is investigated with
different constellation combinations and positioning methods (SPP and RTK). Within the scope of the
research, three field studies were conducted with dual frequency u-blox ZED-F9P and single frequency
u-blox NEO-M8P GNSS receivers. In the studies, ANN-MB-00 GNSS antenna, and Tallysman TW165
GNSS signal splitter were used as auxiliary hardware.

Firstly, the RTK positioning accuracy of low-cost GNSS receivers under ideal conditions is investigated
at the fixed point. The signal from the GNSS antenna was used by two u-blox NEO-MS8P and two u-
blox ZED-F9P receivers and evaluated with u-center software. In this way, zero-baseline results were
obtained. The results show that the solution reaches the centimeter-level nominal accuracies defined for
the two types of receiver.
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The second field study investigated the kinematic positioning accuracy of low-cost GNSS receivers at
the fixed point using SPP solutions. Two u-blox NEO-M8P and two u-blox ZED-F9P GNSS receivers
used the same GNSS signal in two sessions that each lasted about 30 minutes. The receivers recorded
only GPS and the other GPS/GLONASS constellations for u-blox NEO-M8P and only GPS and the
other GPS/GLONASS/Galileo/BeiDou constellations for u-blox ZED-FI9P. In the comparison of the
results, it is concluded that the positioning accuracy improves with multi-GNSS.

The third field study analyzed the kinematic positioning accuracy of moving low-cost GNSS receivers.
In order to test the kinematic positioning performance of the u-blox ZED-F9P and u-blox NEO-M8P
GNSS receivers, the ANN-MB-00 antenna was placed on the vehicle and observed for approximately
30 minutes in the urban area using RTK and SPP methods. Analyzing the SPP results of the GNSS
receivers, a positioning accuracy of 3.74 m was obtained with u-blox ZED-F9P and 4.61 m with u-blox
NEO-MSP. It was observed that the increase in the number of satellites contributed to the positioning in
urban area.

In summary, it can be concluded that OEM GNSS receivers will provide economical and reliable results
in environments with good environmental conditions, such as hydrographic surveying, open mining
operations, and smart agriculture applications.
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