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Ozet

U-blox gibi diisiik maliyetli GNSS alicilar1 hassas jeodezik alicilar ile kiyaslandiginda kiiciik boyut ve
disiik gii¢ tiikketimi nedeniyle pek ¢ok alanda 6nemli bir alternatif haline gelmistir. Son yillarda tek
frekansli gézlemler saglayan bu alicilarin daha da gelistirilerek ¢cok frekansli alicilar olarak kullanicilara
sunulmas1 bunun bir kanitidir. Ancak bu dzellikleri ve diisiik maliyeti sebebiyle bu alicilardan elde
edilen gozlemlerin kalitesi daha diisiik olmaktadir. Bunun yam sira diisiik maliyetli antenlerin jeodezik
seviyedeki muadillerine gore 6nemli derecede ¢ok yolluluk etkisine maruz kalmasi ve gbzlemlerinde
uyusumsuz Olgiilerin bulunma olasiliginin yiiksek olmasi konumlama performansina olumsuz etki eden
unsurlardir. Literatiirde bu etkileri en aza indirgemek ve optimum ¢6ziim saglamak i¢in ¢dziimde agirhik
modeli genellikle uydu yiikseklik acgisina bagli olarak olusturulmaktadir. Bununla birlikte birgok giincel
calismada diisiik maliyetli donanimlar i¢in uygun agirlik modeli belirlenmesinde sinyal giriiltii orani
(signal-to-noise ratio, SNR) degerlerinin de ele alinmas1 gerektigi vurgulanmaktadir. Bu caligmada,
konumlama dogrulugunu iyilestirmek ve diisiik maliyetli alict ve antenlerin gercek zamanli konumlama
performanslarmi degerlendirmek igin, GPS L1 ve Galileo E1 sinyallerini kullanarak tek frekansli SPP
cozlimleri sunan MATLAB tabanli bir program gelistirilmistir. Farkli agirliklandirma modelleri ve
uyusumsuz Olciileri tespit edebilme kabiliyetine sahip bu program, GPS SPP ile GPS/Galileo SPP
¢Oziimleri sunmaktadir.

Bu amagla deneysel ¢alisma olarak, Gebze Teknik Universitesi’nde ANN-MB-00-00 diisiik maliyetli
antenine u-blox ZED-F9P alicis1 baglanarak 1 saniye drneklem araligina sahip statik modda 5 saatlik
gbzlem toplanmustir. Bu gozlem dosyasi ile Centre National d’Etudes Spatiales (CNES) tarafindan
saglanan ger¢cek zamanli tirtinler kullanilarak, uydu yiikseklik agisina (Yontem-1) ve SNR’ye (Y ontem-
2) ve uydu yiikseklik agis1 ve SNR’nin kombinasyonuna (Yontem-3) bagh olarak 3 farkh
agirliklandirma yaklasimiyla navigasyon ¢oziimleri yapilmistir. Coklu-GNSS ile uydu sayisinin artmasi
uyusumsuz Olgiilerin tespitini kolaylagtirmig, ¢oziimiin saglamligini ve giivenilirligini arttirmistir.
Yontem-1’e gore yapilan ¢oziimde, Galileo, GPS SPP sonuglarii yatay bilesende %35, diisey bilesende
%23 iyilestirmistir. Yontem-2’de, Yontem-1’e gore daha iyi sonuglara ulasilmis, GPS/Galileo SPP ile
yatayda 1.40 m, diiseyde 1.78 m dogruluk elde edilmistir. En iyi ¢6ziim sonucu ise YOntem-3’te
GPS/Galileo SPP ile bulunmus olup yatayda 1.28 m ve diiseyde 1.63 m dogruluk elde edilmistir. Yapilan
bu deney sonucunda diisiik maliyetli donanimlarla konumlama ¢6ziimiinde dlgiilerin SNR degerlerinin
modelde dikkate alinmasi gerektigi belirtilmelidir. Bu ¢alisma uygun agirliklandirma modeli ve GNSS
takimyildiz entegrasyonlarinin saglanmasi ile diisiik maliyetli GNSS donanimlarinin hassas navigasyon
calismalarinda kullanilabilecegini gostermektedir.
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Abstract

Low cost GNSS receivers such as U-blox have become an important alternative in many fields due to
their small size and low power consumption compared with precise geodetic receivers. It is evidence of
this that the receivers, which provide single-frequency observations, have been developed in recent years
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and offer to users as multi-frequency receivers. However, due to the features and low cost, the quality
of the observations obtained from the receivers is lower. Furthermore, as compared with geodetic
counterparts, low-cost antennas are exposed to severe multipath effects, and the possibility of outlier
measurements in their observations are factors that negatively affect positioning performance. In the
literature, to minimize the effects and to provide an optimum solution, the weighting model in the
solution is created depending on the satellite elevation angle. In addition, it has been emphasized in
many recent studies that signal-to-noise ratio (SNR) values should also be taken into account while
selecting the appropriate weighting model for low-cost hardware. In this study, to improve positioning
accuracy and evaluate the real-time positioning performance of low-cost receivers and antennas, a
MATLAB-based program that provides single-frequency SPP solutions using GPS L1 and Galileo E1
signals has been developed. This program, which includes different weighting models and can detect
outlier measurements, offers GPS SPPS and GPS/Galileo SPP solutions.

As an experimental study, a u-blox ZED-FI9P receiver was connected to the low-cost antenna ANN-
MB-00-00 at GebzeTechnical University, and 5 hours of static data were collected with a sampling
interval of 1 second. With this observation file, using real-time products provided by Center National
d'Etudes Spatiales (CNES), navigation solutions have been made with 3 different weighting approaches
depending on the satellite elevation angle (Method-1), SNR (Method-2), and the combination of satellite
elevation angle and SNR (Method-3). In addition, the increase in the number of satellites with multi-
GNSS facilitated the detection of outlier measurements and increased the robustness and reliability of
the solution. In the solution made according to Method-1, Galileo improved the GPS SPP results by
35% in the horizontal component and 23% in the vertical component. In Method-2, better results than
in Method-1 were obtained by using the GPS/Galileo combination with an accuracy of 1.40 m
horizontally and 1.78 m vertically. The best solution result was found with GPS/Galileo SPP in Method-
3, and an accuracy of 1.28 m horizontally and 1.63 m vertically was obtained. As a result of this
experiment, it should be noted that the SNR values of the measurements should be taken into account
in the model in the positioning solution with low-cost hardware. This study shows that low-cost GNSS
hardware can be used in precise navigation applications by providing appropriate weighting models and
GNSS constellation integrations.
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