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Gercek Zamanh GPS-VADASE Yaklasiminin Diisey Dinamik Hareketleri
Yakalayabilme Performansimin incelenmesi

Investigation of Real-Time GPS-VADASE Approach to Capture Vertical Dynamic Motions
Performance

Banis Karadeniz"™, Cemal Ozer Yigit', Mert Bezcioglu!, Ahmet Anil Dindar? Ozgiir Avcr®

! Gebze Teknik l?niversitesi, Miihendislik Fakiiltesi, Harita Miihendisligi Boliimii, Kocaeli
2 Gebze Teknik Unive_rsitesi, Mﬁhendislik_ Fakiiltesi, Insaat Miihendisligi Bo"lijmzk_', Kocaeli
3Sistem A.S., Siirekli Izleme ve Referans Istasyonu Sistemleri Boliimii, Atasehir, Istanbul

gb.karadem'z@gl‘u. edu.tr

Ozet

Diinya iizerinde siirekli meydana gelen yer kabugu hareketleri, riizgar, tsunami, volkanik patlamalar ve
heyelan gibi dogal olaylarin olusturdugu dinamik yiikler; trafik, makine ve insan yiikii gibi hareketli
yiikler bir¢ok miihendislik yapisinda (Koprii, Gokdelen, Kule, Viyadiik vb.) yatay ve diisey yonlii
titresimler olusturarak dinamik yer degistirmelere sebep olmaktadir. Yapilarda meydana gelen bu yer
degistirmelerin hem gergek zamanli hem de sonradan degerlendirmesi yapilarak izlenmesi i¢in Yapi
Saghigi Izleme (Y SI) sistemleri gelistirilmistir. Giiniimiizde YSI sistemlerinde jeodezik (GNSS, Robotik
Total Station vb.) ve geoteknik (Ivmedlger, Egimélcer ve LVDT vb.) sensorler yaygin olarak
kullanilmaktadir. Son yillarda uydu sistemlerindeki ve konum belirleme algoritmalarindaki
gelismelerinin yani sira yiiksek zamansal ¢oziiniirliiklii GNSS alicilart bir¢ok miihendislik yapisina ait
YSI ¢alismalarinda kullanilmast ile pek ¢ok arastirma konusuna ivme kazandirmustir. Bu ¢alismada, es
zamanli sabit GNSS istasyon gozlemleri, veri iletisim altyapisi, internet baglantisi, uydu yoriinge ve saat
diizeltme bilgisi vb. gibi harici bir parametreye bagl kalmadan tek bir GNSS alicis1 kullanilarak GPS-
VADASE (Variometric Approach for Displacement Analysis Stand-Alone Engine) yaklagiminin diisey
yonlii dinamik hareketleri yakalayabilme performansi, ger¢ek zamanli (RT) olarak test edilmistir. Bu
amag dogrultusunda giiniimiize kadar birgok miihendislik yapisinin, YSI uygulamalarinda referans
olarak alinan bagil konum belirleme (RP) yontemi karsilastirma kriteri olarak secilmistir. GPS-
VADASE yontemini adil bir degerlendirme igin ayrica IGS (Uluslararasi GNSS Servisi)’in liretmis
oldugu ger¢ek zamanl {irtinler kullanilarak Yakin-Gergek-Zamanli Hassas Nokta Konumlama (N-RT-
PPP) tekniginin performansi ile de karsilagtirilmistir. Celik yassi simiilasyon ¢ubugun serbest ucunda
iretilen diisey yonlii soniimlii harmonik hareketlerin yakalanabilmesi i¢in RT-VADASE, N-RT-PPP ve
RP yontemleri ile hem zaman hem de frekans alaninda degerlendirme yapilmistir. Sonuglar
incelendiginde Tretilen diisey hareketlerin, sadece-GPS gozlemleri ile uygulanan VADASE
yaklasgimimin RP yontemine gore zaman ve frekans alaninda birbiri ile tutarl oldugu gézlemlenmistir.
Ayrica RT-VADASE yonteminin, hizli tehlike degerlendirme uygulamalari i¢inde kullanilabilen N-RT-
PPP yaklasimina gore hem baskin-frekans genlik degerlerinin hem de karesel ortalama hata (KOH)
degerlerinin daha giivenilir sonuglar verdigi ortaya konmustur. Bu calisma ile RT-VADASE
yonteminin, RP yontemine alternatif giiclii bir yontem olabilecegini gostermektedir. Sonug olarak, RT-
VADASE yo6ntemi, gercek zamanli deprem/tsunami erken uyari sistemlerinde tamamlayici bir yontem
olarak kullanilabilmekte ve yap1 sagligi izleme uygulamalarinda yapilarda meydana gelen yer
degistirmelerin zarar verici veya yikici etkilere maruz kalmasi durumunda hizl tehlike degerlendirmesi
yapilmasina olanak saglayacaktir.
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Abstract

Dynamic loads caused by natural events such as earth crust motions, wind, tsunami, volcanic eruptions
and landslides; live loads such as traffic, machinery and human loads that occur constantly on the earth
cause dynamic displacements by creating both horizontal and vertical vibrations in many engineering
structures (Bridge, Skyscraper, Tower, Viaduct, etc.). The Structural Health Monitoring (SHM) systems
has been developed to monitor these displacements in buildings both in real time and by post-process.
Nowadays, geodetic (GNSS, Robotic Total Station etc.) and geotechnical (Accelerometer, Inclinometer
and LVDT etc.) sensors are widely used in SHM systems. In addition to the developments in satellite
systems and positioning algorithms in recent years, high temporal resolution GNSS receivers have
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accelerated many research subjects with their use in SHM studies of many engineering structures. In
this study, the performance of the GPS-VADASE (Variometric Approach for Displacement Analysis
Stand-Alone Engine) approach to capture vertical dynamic motions was tested in real time (RT) by
using a single GNSS receiver without being dependent on an external parameter such as simultaneous
fixed GNSS station observations, data communication infrastructure, internet connection, satellite orbit
and clock correction information, etc. For this purpose, the Relative Positioning (RP) method, which
has been taken as a reference in the SHM applications of many engineering structures, has been chosen
as the comparison criterion. For a fair evaluation of the GPS-VADASE method, it was also compared
with the performance of the Near Real-Time Precise Point Positioning (N-RT-PPP) technique using
real-time products produced by IGS (International GNSS Service). In order to capture the vertically
damped harmonic motions produced at the free end of the steel flat simulation bar, an evaluation was
made in both time and frequency domains with RT-VADASE, N-RT-PPP and RP methods. When the
results are examined, it has been observed that the vertical motions produced are consistent with each
other in the time and frequency domain according to the RP method of the VADASE approach applied
with only-GPS observations. In addition, it has been revealed that the RT-VADASE method gives more
reliable results with both the dominant frequency-amplitude values and the root mean square error
(RMSE) values compared to the N-RT-PPP approach, which can be used in rapid hazard assessment
applications. This study shows that the RT-VADASE method can be a powerful alternative to the RP
method. As a result, the RT-VADASE method can be used as a complementary method in real-time
earthquake/tsunami early warning systems and will enable rapid hazard assessment in structural health
monitoring applications in case the displacements in the structures are exposed to damaging or
destructive effects.
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