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Ozet

GNSS-Interferometrik Reflektometri (GNSS-IR), alictya ulasan GNSS sinyalinin giiciinii gosteren
Sinyal-Giiriiltii Oram (Signal-to-Noise Ratio, SNR) verisindeki ¢ok yolluluk (multipath) etkisi kaynaklh
salmimlarin  modellenmesiyle yansima yiizeyinin geometrik ve radyometrik &zelliklerinin
belirlenmesini saglayan bir yontemdir. Toprak nemi, kar kalinligi, deniz seviyesi gibi iklimsel
degiskenler yaklasik 15 yildir bu yontemle izlenebilmektedir. Cok frekansli ¢oklu-GNSS verilerinin
GNSS-IR yontemiyle analizi ise gorece yeni bir konudur. Bu ¢alismada, jeodezik alicida toplanan ¢ok
frekansli ¢oklu-GNSS SNR verilerinin uydu ylikseklik agis1 araligi (satellite elevation angle range,
SEAR) ve pik-arka plan giiriiltiisii oran1 (peak-to-background noise ratio, PBNR) kosullarn dikkate
alinarak analiz edilmesi ve kestirilen reflektor yiiksekligi degerlerinin farkli uydu sistemleri ve sinyal
tiplerine gore degerlendirilmesi amag¢lanmistir. Calisma kapsaminda, ¢oklu-GNSS verisi toplayabilme
potansiyeline sahip CHC 190 marka-modelli jeodezik aliciyla, 31 Mayis 2022 tarihinde, Yildiz Teknik
Universitesi Davutpasa Kampiisii simirlar1 igerisinde yer alan ¢alisma bélgesinde, yaklasik 5 saat 30
dakikalik statik GNSS goézlemi gergeklestirilmistir. Toplanan GNSS verilerinin GNSS-IR yontemiyle
degerlendirilmesiyle reflektor yiiksekligi kestirimleri elde edilmistir. Bu kestirimlerin dogrulanmasi igin
alic1 antenin yiiksekligi metre ile yerinde dlciilmiistiir. GNSS-IR kestirimlerindeki kaba hatali 6l¢tiler
Medyan Mutlak Sapma (Median Absolute Deviation, MAD) degerine dayali olarak giderilmistir. Bunu
miiteakip, farkli esik degerler kullanilarak minimum SEAR ve minimum PBNR kosullar1 uygulanmustir.
Kestirimlerin standart sapma degeri; minimum SEAR 20° se¢ildiginde 3.3 cm, minimum PBNR 4
alindiginda ise 3.5 cm olarak bulunmustur. iki kosul birlikte uygulandiginda ise standart sapma degeri
3.3 cm olarak elde edilmistir. En iyi sonucu veren kosullar uygulanarak dort farkli uydu sisteminin (GPS,
GLONASS, GALILEO, BEIDOU) verisi ayr ayri degerlendirilmistir. Elde edilen sonuglara gore
reflektor yliksekligi kestirim dogrulugu 3.8 cm ile 7.3 cm arasinda degisirken, prezisyon degerleri 1.1
cm ile 3.8 cm arasinda degismektedir. 5 saat 30 dakikalik gézlem verisi dikkate alindiginda, en ¢ok
kestirimi saglayan sistem GPS (15), en az kestirimi saglayan sistem ise GLONASS (3) olmustur. Tim
sistemler degerlendirmeye dahil edildiginde ise bu say1 35’e ulasmistir. Ayni kosullar uygulanarak bes
farkli frekansh sinyallerin (L1, L2, L5, L6, L7) ayr1 ayn degerlendirilmesiyle elde edilen sonuglara gore
en diisiik standart sapma degerlerini 1.9 cm, 1.6 cm, 0.9 cm ile sirasiyla L1, L6 ve L7 sinyalleri
saglamistir. Ancak bu ii¢ frekans i¢in kestirim sayilari sirastyla 15, 5 ve 2 olup ortalama PBNR degerleri
ise sirasiyla 6.1, 4.7 ve 5’tir. Sonuglar genel olarak degerlendirildiginde; kestirim say1si, standart sapma
degerleri ve ortalama PBNR degerleri yoniinden GPS L1C SNR ve BEIDOU L1I SNR sinyallerinin
diger sistem ve sinyal tiplerine kiyasla GNSS-IR yontemi igin daha efektif oldugu goriilmistiir.
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Abstract

GNSS-IR is a method that enables the determination of the geometric and radiometric properties of the
reflection surface by modeling the oscillations caused by the multipath effect in the SNR data, which
shows the strength of the GNSS signal reaching the receiver. Climatic variables such as soil moisture,
snow depth, and sea level have been monitored with this method for about 15 years. However, the
analysis of multi-frequency multi-GNSS data with the GNSS-IR method is a relatively new subject. In
this study, it is aimed to analyze the multi-frequency multi-GNSS SNR data collected by the geodetic
receiver taking into account the satellite elevation angle range (SEAR) and peak-to-background noise
ratio (PBNR) conditions and to evaluate the estimated reflector heights according to different
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constellations and signal types. Within the scope of the study, approximately 5 hours and 30 minutes of
static GNSS observation was carried out on May 31, 2022, at the Davutpasa Campus of Yildiz Technical
University with the CHC 190 brand-model geodetic receiver capable of collecting multi-GNSS data.
Reflector heights were estimated by evaluating the collected GNSS data with the GNSS-IR method. To
verify these estimations, the height of the receiver antenna was measured in situ. Outliers in the GNSS-
IR estimates were removed based on the Median Absolute Deviation (MAD) value. Subsequently,
minimum SEAR and minimum PBNR conditions were applied using different threshold values. The
standard deviation of the estimations was computed as 3.3 cm when the minimum SEAR was 20° and
3.5 cm when the minimum PBNR was 4. By applying these two conditions together, the standard
deviation value was obtained as 3.3 cm. Then, the data of four different satellite systems (GPS,
GLONASS, GALILEO, BEIDOU) were assessed individually under the best performing conditions.
According to the results, the estimation accuracies of the reflector heights varies between 3.8 and 7.3
cm, while the precision values vary between 1.1 and 3.8 cm. Considering the observation data of 5 hours
and 30 minutes, the highest number of estimates was provided with GPS (15) and the lowest number
was obtained with GLONASS (3). The overall number of estimates reached 35 when all satellite systems
are included in the evaluation. According to the results obtained by individual evaluations of five
different frequency signals (L1, L2, L5, L6, L7) under the same conditions, L1, L6, and L7 signals
provided the lowest standard deviations as 1.9, 1.6, and 0.9 cm, respectively. However, the number of
estimates were 15, 5, and 2, and the average PBNR values were 6.1, 4.7, and 5. Consequently, GPS L1C
SNR and BEIDOU L1I SNR signals were presented more effective results for GNSS-IR method
compared to the other systems and signal types in terms of number of estimates, standard deviations and
mean PBNR values.
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