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ONSOZ

25-27 Kasim 2021 tarihleri arasinda Hacettepe Universitesi Geomatik Miihendisligi Béliimii
ev sahipliginde ¢evrimigi olarak gergeklestirilen Tiirkiye Ulusal Jeodezi Komisyonu (TUJK)
2021 Y1ih Bilimsel Toplantisi Bildiri Ozetleri Kitab1, Toplantida sunulan 11°i ¢agrili olmak
iizere toplam 36 bildirinin 6zet metinlerini igermektedir.

Goniil isterdi ki 2002 yilindan bu yana diizenli olarak bizleri bir araya getiren toplantimizi bu
yil da yiiz ylize gergeklestirelim. Esasen 2020 yilinda Boliimiimiiz ev sahipliginde yapilmasi
planlanan TUJK Toplantis1 Covid-19 pandemisi sartlarinin sona erecegi iimidiyle ertelenmisti.
Pandemi hala yiiksek risk teskil ettigi i¢in, ama diger yandan toplantilarimiza daha fazla ara
vermemek adina bu yilki Bilimsel Toplantimizin ¢evrimigi olarak gergeklestirilmesi karari
alindi. Her ne kadar onceki toplantilarda yiiz yiize gorlismeler ile saglanan samimi ortam
miimkiin olamasa da, ¢evrimigi bulusmanin bulas riskini ortadan kaldirmasi1 yaninda katilimin
yiikksek seviyede olabilmesi ac¢isindan sagladigi avantajlardan miimkiin oldugunca
yararlanmaya c¢aligtik.

En son toplantimizdan bu yana gecen iki yillik siirecte hem 6zel hayatimizda hem de
akademide, bir kisminin kalic1 olmas1 muhtemel 6nemli degisiklikler oldu. TUJK toplantilarina
katilim agisindan bu yilki yeri doldurulamaz bir eksiklik ise, alanimizda yetismis birgok bilim
insaninin ve mithendisin egitimine dogrudan veya dolayli katki saglamig olan Prof. Dr. Ahmet
Aksoy Hocamizin artik aramizda olmamasi. Bu vesile ile basta Ahmet Hocamiz olmak tizere
hayatin1 kaybetmis olan tiim hocalarimizi saygiyla antyoruz.

Bu yilki Toplantimiz i¢in kapsam olarak jeodezi alaninda gergeklestirilen tiim ¢alismalarin
sunulabilecegi bir program benimsendi ve TUJK biinyesinde faaliyet gdsteren dort ¢aligma
grubunun da alanlarimi ihtiva edecek sekilde, Toplantida yer alig sirasiyla, “Jeodinamik”,
“Konum Belirleme ve Uygulamalar”, “Gravite Alan1” ve “Referans Koordinat Sistemleri”
baslikli dort ayr1 oturum planlandi. Calisma grubu baskanlar1 ve sekreterleri Toplantinin
diizenlenmesi asamasinda etkin rol aldilar. Bu yaklagimin bir sonucu olarak Toplantida
sunulmak tizere ongoriilen saymin tizerinde bildiri teslim edildi. Yine ¢evrimi¢i toplantinin bir
avantaji olarak jeodezi alaninda uluslararasi taninirliga sahip bilim insanlarinin sunumlarina
yer verme sansimiz oldu.

Bu yilki Toplantimizin slogan1 “Yapay Zeka Caginda Jeodezi” olarak belirlendi. Yapay zeka
belki zaman zaman one siirtildiigii gibi bir mucize degil ama artik yapay zeka marifetiyle
makalelerin ve hatta belli sairlerin iislubuyla siirlerin yazilabildigi bir doneme girdik. Sensor
sayisinin ve buna bagl olarak kaydedilen veri miktarinin her gecen giin artarak biiyiik veriye
dontistiigli giinlimiizde, yapay zekanin énemi ve uygulamalari giderek artmaktadir. Bu bakis
acistyla yapay zekanin jeodezi bilimine olan yansimalarina dikkat ¢ekmek istedik. Bu nedenle
programda, sayilan dort oturumun yani sira “Jeodezide Yapay Zeka Uygulamalar1” baglikli
besinci bir oturuma daha yer verildi. Yine bu kapsamda, oturumlarin tamamlanmasi sonrasinda
“Makine Ogrenmesine Giris” ve “Jeodezide Yapay Zeka Uygulamalar” basliklar altinda
teorik ve uygulamali egitimler diizenlendi.



Bu y1l Toplantimizin ev sahibi olarak Boliimiimiiz uygun gorildigi i¢in TUJK Baskani Dr.
Miih. Alb. Ali Ihsan Kurt nezdinde TUJK Yiiriitme Kurulu ve Genel Kuruluna, katkilarindan
otiirii Yonetim Kurulu Baskan1 Sayin Ali ipek sahsinda Harita ve Kadastro Miihendisleri
Odasina, bildiri degerlendirme siirecine katki saglayan Bilim Kurulu iiyelerine, egitim
programini gergeklestiren Dog. Dr. Erkut Erdem ve Ars. Gor. Metehan Uz’a, bildirileri ile
katilim saglayan degerli konusmaci ve bildiri ortak yazarlarina, ayn1 zamanda Toplantinin
oturum bagkanliklarin1 yapan TUJK calisma grubu baskani ve sekreteri gorevlerini yiiriiten
hocalarima, web sayfasin1 hazirlayan Sayin Pinar Hazan’a, Diizenleme Kurulu iiyeleri basta
olmak iizere Toplantinin ger¢eklesmesinde emegi gegen herkese ve Toplantiya istirak eden tiim
dinleyicilere tesekkiirlerimi sunarim.

Bildiri Ozetleri Kitabinin Toplant1 kazanimlarinin daha kalic1 hale gelmesine katki saglamasi
dilegiyle...

Dog. Dr. Metin Nohutcu
TUJK2021 Diizenleme Kurulu Baskani
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GNSS Olciileri ile Tuz Golii Fay Zonu (TGFZ) Giiney Kesimine ait Tektonik
Hareketlerin izlenmesi

Monitoring of Tectonic Movements of the Southern Section of the Tuz Golii Fault Zone
(TGFZ) with GNSS Measurements
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Ozet

Tuz Goli Fay Zonu (TGFZ), Orta Anadolu Boélgesinin en énemli aktif tektonik unsurlarinin basinda
gelmektedir. TGFZ iizerinde yakin zamanda yapilan calismalar, zonun Aksaray’a yakin segmentlerinin
(Aksaray segmenti, Akhisar-Kili¢ segmenti ve Altunhisar segmenti) biiyiikliigii 6,8’e varabilecek
depremler iiretme potansiyeline sahip olduklarin1 gostermektedir. Bu durum, Aksaray il merkezi basta
olmak iizere, bilyiik 6l¢iide aliivyon zemin iizerine kurulmus ilin tamamina yakininda yikici hasarlarin
ve can kayiplarinin ortaya c¢ikabilecegine isaret etmektedir. Bununla birlikte, 6zellikle son donemde
yapilan calismalarda jeolojik ve jeomorfolojik veriler 1518inda fayin kayma hizina yonelik yaklasimlar
sunulmakta ancak fayin giincel kayma hizi hesaplamalarina dair ¢aligmalar kisith kalmaktadir. Ayrica
fay zonunun mevcut uzun donem ve gilincel donem kayma hizlar1 arasinda onemli farkliliklar
bulunmaktadir. Dolayisiyla, gerek Tuz Golii Fay Zonu’nun giiniimiiz kayma hizi degerinin dogru ve
hassas sekilde tespitinin yapilmasi, gerekse de bu veriler kapsaminda bolgenin deformasyon
ozelliklerinin ortaya konulmasi biiyiik dnem tagimaktadir.

Bu amagla, bu ¢alismada TGFZ’nin giiney kesimine ait deformasyonun jeodezik 6l¢melerle yiiksek
duyarlikli olarak belirlenmesi amaglanmis ve TGFZ’nin giiney kesimine 24 adet yeni nirengi ve 2
Stirekli Gozlem Yapan GNSS istasyonu tesis edilmistir. Kurulan ag tizerinde 2018-2020 yillar1 arasinda
GNSS olgiileri yapilmistir. Calisma bolgesi cevresinde bulunan Tiirkiye Ulusal Temel GPS Agi
(TUTGA) ve Tiirkiye Ulusal Sabit GPS Istasyonlar1 Agi-Aktif (TUSAGA-AKtif) noktalarina ait 6lgiiler
de calismaya dahil edilerek GNSS ol¢iileri GAMIT/GLOBK yazilim takimi ile degerlendirilmis ve
bolgenin giincel hiz alani elde edilmistir. Ayrica GeodSuit® yazilimi kullanilarak ¢calisma bolgesinde
blok modelleme calismalar: yiiriitiilmiistiir. [lk defa bu calisma ile dogrudan Tuz Golii Fay Zonu
segmentleri izerinde kurulmus jeodezik agdan saglanan kayma hizlar literatiirdeki 6nemli bir eksikligi
doldurarak iilke ve bolge tektonigine katkida bulunmakta ve fay zonunun sismik aktivitesinin
derecesinin anlasilmasinda onemli bir veri seti saglamaktadir. Bu ¢alisma kapsaminda yaklasik olarak
yatayda 3.2 mm/yil ve diiseyde 1.5 mm/yil olarak elde edilen kayma hizlari, simdiye kadar
gerceklestirilen farkli jeolojik calismalardan elde edilen kayma degerleri ile karsilastirildiginda, zondaki
aktif deformasyonun aslinda ifade edilenden daha yiiksek olduguna isaret etmektedir.

Anahtar Kelimeler: GNSS, Tuz Golii Fay Zonu (TGFZ), GAMIT/GLOBK, Kayma Hizi, Orta Anadolu

Abstract

Tuz Golii Fault Zone (TGFZ) is one of the most important active tectonic elements of Central Anatolia.
Recent studies on the TGFZ show that the zone has a potential to produce earthquakes near Aksaray
(Aksaray segment, Akhisar-Kili¢ segment and Altunhisar segment), which may reach a magnitude of
6.8. This situation indicates that destructive damages and loss of life may occur in the vicinity of the
province, which is founded largely on a alluvial soils especially in Aksaray city center. However, recent
studies have suggested some approaches on the rate of fault slip in the light of geological and
geomorphologic data. But the studies on the calculation of the current slip rate of the fault are limited.
There are also significant differences between the suggested long-term and short-term slip rates of the
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fault zone. Therefore, the accurate determination of the current slip rate of the TGFZ is essential, and
very crucial to understand the deformation characteristics of the region.

Within the scope of this study, it is aimed to determine the deformation of the southern part of the TGFZ
with high sensitivity by geodetic measurements and 24 new reference points and 2 Continuously
Operating Reference Stations were established in the southern part of the TGFZ. GNSS measurements
were made on this network between the years of 2018-2020. The data of Turkish National Fundamental
GPS Network (TNFGN) and Continuously Operating Reference Stations-Turkey (CORS-TR) points
located around the study area were also included in the study and GNSS measurements were processed
using the GAMIT/GLOBK academic software and recent velocity field of the region was determined.
In addition, block modeling studies were carried out in the study area using GeodSuit® software. For
the first time with this study slip rates provided by the geodetic network established directly on the Tuz
Golii Fault Zone segments, filling a significant deficiency in the literature, contribute to the tectonics of
the country and the region and provides an important dataset in understanding the degree of seismic
activity of the fault zone. The slip rates obtained within the scope of this study approximately 3.2
mm/year horizontally and 1.5 mm/year vertical, indicate that the active deformation in the zone is
actually higher than expressed, compared to the sliding values calculated by different geological studies
so far.

Keywords: GNSS, Tuz Golii Fault Zone (TGFZ), GAMIT/GLOBK, Slip Rate, Central Anatolia
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Kuzeydogu Akdeniz Bolgesindeki Giincel Tektonik Deformasyonlarin GPS Teknigi ile
Belirlenmesi

Determination of Recent Tectonic Deformations in the Northeastern Mediterranean
Region By GPS Technique
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Ozet

Son on yillar siire zarfinda Dogu Anadolu Fay Zonu (DAFZ)’nin kuzey boliimiinde meydana gelen
Elazig-Sivrice (Mw=6.5, 2020, KOERI), Bingél (Mw=6.4, 2003, KOERI) ve Elazig-Karakogan
(Mw=6.1, 2010, KOERI) depremleri yikici etkileri ile ortaya ¢ikan orta biiyiikliikteki depremlerdendir.
DAFZ’nin giiney ucundaki Adana, Osmaniye, Hatay ve Gaziantep illerini i¢ine alan Kuzeydogu
Akdeniz bolgesi de sismik aktivitelerin yogun olarak yasandigi tektonik agidan kritik bir bolgedir.
Anadolu, Arabistan ve Afrika levhalarinin kesistigi Kuzeydogu Akdeniz bolgesindeki potansiyel
deprem tehlikesinin ortaya konulabilmesi giincel tektonik deformasyonlarin belirlenmesi ile miimkiin
olabilmektedir.

Cok yaygin olarak, tektonik mekanizmalarin yer yiizeyinde olusturdugu deformasyonlarin
kestirilmesinde tesis edilen jeodezik noktalardaki siirekli olarak veya periyodik zaman dilimlerinde GPS
teknigi ile yapilan gozlemlerden yararlamilmaktadir. Bu calismada, Kuzeydogu Akdeniz bolgesi ve
cevresindeki giincel tektonik deformasyonlarin belirlenebilmesi i¢in 6nemli sismik aktivitelere neden
olan baglica diri faylarin kinematik o6zellikleri GPS gozlemleri kullanilarak sorgulanmistir. Bu
dogrultuda, bolge civarindaki TUSAGA-AKktif ile kamu kurumlarinin himayesindeki siirekli GPS
istasyonlar1 ve kampanya GPS gozlem noktalarindan meydana gelen bir GPS gozlem agi
olusturulmustur. Kuzeydogu Akdeniz bolgesinde gerinim biriktiren 6nemli diri faylar1 dik olarak kesen
profillerin de yer aldig1 bu gézlem agi1, s6z konusu diri faylarin kinematik 6zelliklerinin sorgulanmasina
olanak saglayan yiiksek uzaysal ve zamansal ¢oziiniirliiklii giincel bir GPS veri seti sunmaktadir.

Bolgenin giincel tektonik deformasyonlari sorgulanirken 2009, 2010, 2011 ve 2019 yillarinda
gerceklestirilen kampanya GPS gozlemleri ile bolgedeki siirekli GPS istasyonlarindan elde edilen veriler
birlikte analiz edilmistir. GPS verilerinin degerlendirilmesi asamasinda GAMIT/GLOBK yazilimindan
faydalanilmistir. GPS verilerinin islenmesi neticesinde calisma bdolgesi ve civari i¢in kampanya gozlem
noktalar1 ve siirekli GPS istasyonlarinin ITRF2008 datumunda tanimlandig: giincel yatay GPS hiz alani
elde edilmistir. Literatiirdeki diger GPS hiz alani ¢oziimleri ile ortak bir referans sisteminde
entegrasyonu saglamak amaciyla 6 parametreli (3 6teleme ve 3 doniikliik) bir doniisiim modeli tercih
edilmistir. Bu doniisiim sonucunda ITRF2000 referans sisteminde biitiinlesik bir yatay GPS hiz alam
olusturulmustur.

Bu calismada, diri faylarin kinematik 6zelliklerinin sorgulanabilmesi icin blok modelleme yaklagimi
kullanilmistir. Blok modellemede, tanimlanan fay ve blok geometrilerine gore GPS hiz degerlerine ters
¢Oziim uygulanarak bir Euler kutbuna bagli blok doniikliikleri ile fay diizlemleri boyunca kayma
vektorleri kestirilmistir. Blok modelleme calismalarinda TDEFNODE yazilimi tercih edilmistir.
Olusturulan farkli kinematik modeller icin GPS veri setinin model ile uyumu istatistiksel olarak
indirgenmis ki-kare ()2) parametresine bagli olarak test edilmistir. Buna gore, istatistiksel ag¢idan en
anlamli kinematik model sonuclarina bagh olarak giincel fay kayma hizlar1 ve kayma eksikligi ile
kilitlenme orani dagilimlar1 elde edilmistir. Ayrica, fay kayma hiz1 kestirimleri ile literatiirde var olan
ampirik bagintilar kullanilarak baslica fay segmentleri iizerinde olusabilecek potansiyel deprem
biiyiikliikleri hesaplanmustir.
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Abstract

The earthquakes of Elazig-Sivrice (Mw=6.5, 2020, KOERI), Bingdl (Mw=6.4, 2003, KOERI) and
Elazig-Karakogan (Mw=6.1, 2010, KOERI), which occurred in the northern part of the East Anatolian
Fault Zone (EAFZ) during the last decades, were moderate earthquakes having devastating effects. The
Northeastern Mediterranean region containing Adana, Osmaniye, Hatay and Gaziantep provinces at the
southern end of the EAFZ, is likewise a tectonically crucial region where there are intense seismic
activities. By determining the recent tectonic deformations, it is possible to reveal the probable
earthquake hazard in the Northeastern Mediterranean region at the junction of Anatolian, Arabian and
African plates.

Observations carried out using GPS technique continuously or periodically are very commonly used in
estimating the deformations caused by tectonic mechanisms on the earth's surface. In this study, in order
to determine the recent tectonic deformations in the Northeastern Mediterranean region and its
surroundings, the kinematic features of the main active faults that cause major seismic activities were
investigated by employing GPS observations. Thus, a GPS network has been formed, which consist of
permanent stations within both Turkish National Permanent GPS Network-Active and other local
networks belonging to public institutions around the region together with the campaign observation sites
as well. This network, which also contains the perpendicular profiles passing across to the main active
faults accumulating strain in the Northeastern Mediterranean region, provides a latest GPS dataset with
high spatial and temporal resolutions that allows the kinematic features of these active faults to be
investigated.

While studying the recent tectonic deformations of the region, the campaign GPS observations
performed in 2009, 2010, 2011 and 2019 and the data obtained from the permanent GPS stations in the
region were analyzed together. The GAMIT/GLOBK software was allocated for GPS data processing.
Upon GPS data processing achieved, the recent horizontal GPS velocity field, in which the campaign
observation sites and permanent GPS stations are defined in the ITRF2008 datum, has been obtained for
the study area and its vicinity. A transformation model with 6 parameters (3 translations and 3 rotations)
was preferred to be integrated into a common reference system with other GPS velocity field solutions
in the literature. As a result of this transformation, an integrated horizontal GPS velocity field was
realized in the ITRF2000 reference system.

In this study, block modeling approach was used to investigate the kinematic features of the active faults.
In the block modeling, the block rotations associated with an Euler pole and the slip vectors along the
fault planes were estimated by applying inversion to the GPS velocities as per the defined fault and
block geometries. The TDEFNODE software was preferred in block modeling studies. The model fitting
to the GPS dataset for the different kinematic models formed was statistically tested based on the
reduced chi-square (¥2) parameter. Accordingly, the recent fault slip rates, slip deficit and coupling
fraction distributions were derived depending on the most significant kinematic model results
statistically. In addition, the probable magnitudes of the earthquakes that may occur on the main fault
segments were calculated using the fault slip rate estimations and the empirical equations available in
the literature.

This study was supported financially by the Coordinatorships of Scientific Research Projects (BAP) of
Hitit University (Project No. ODMYO019001.19.002) and Istanbul Technical University (Project No.
MGA-2019-42243).

Keywords: Active Tectonics, GPS, East Anatolian Fault, Slip Rate, Fault Locking Depth
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Kuzey Anadolu Fay1 (KAF) Destek Segmentindeki Asismik Krip Hareketlerinin GPS
Ol¢meleriyle Belirlenmesi
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(NAF) Using GPS Observations
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Ozet

Tektonik bloklar ve bunlarin birbirlerine gore rolatif hareketleri, blok sinirlarindaki faylarda ¢ok sayida
depreme neden olmaktadir. Ulkemiz de bu acidan oldukg¢a genis bir cografyay: kapsayan faylara sahip
olup, bunlarin en 6nemlisi de Kuzey Anadolu Fay1 (KAF) olarak 6ne ¢cikmaktadir.

Blok sinirlarinda biriken bu gerilime ait mekanizmalar incelendiginde, s6z konusu enerjinin sadece
depremlerle degil; aym1 zamanda depremsiz de bosalabildigi gézlenmistir. Bu hareketler yeryiiziinden
de gozlenebilen deformasyonlara ev sahipligi yapmakta ve literatiirde “asismik krip” olarak
tanimlanmaktadir. Asismik krip deprem olmaksizin fay zonunda biriken enerjinin bir kisminin ya da
tamaminin bosalmasina neden olabilmektedir. Bu hareket sirasinda krip sismojenik tabakanin tabanina
kadar ya da belirli bir kisminda da gozlenebilir. Bu agidan incelendiginde sismik risklerin incelenmesi
acisindan da onem arz etmektedir.

Ulkemizde 1970’hi yillarin bagindan bu yana, dogada nadiren goriilen asismik krip hareketinin
raporlandig iki bolge bulunmaktadir. Bunlar KAF iizerindeki Ismetpasa ve Destek segmentleridir. Bu
bolgelerde kurulan yerel ya da bolgesel aglar yardimiyla da bu hareketin dogasi anlagilmaya
calisilmaktadir.

2014-2016 yillar1 arasinda, s6z konusu iki segmenti de iceren bir jeodezik ag tasarlanmig, asismik krip
gozlenen bolgelerde fayin her iki tarafinda 3 ve 10 km uzakliklarda tesis edilen noktalar ve bolgedeki
TUSAGA-AKTIF istasyonlarindan elde edilen GPS verileri degerlendirilmistir. Sonugclara gore,
ozellikle Destek segmentindeki krip hizinin 6nceki ¢aligmalara gore %50 civarinda artti1 sdylenebilir.

Bu calismada, daha once tesis edilen bu agin Destek segmentinde bulunan 4 istasyonda 2021 yili
icerisinde GPS go6zlemleri yapilmistir. Bu asamada veriler oncelikle GAMIT/GLOBK yazilim ile
degerlendirilecek ve bolgesel hiz alani olusturulacaktir. Ardindan da bu veriler TDEFNODE yazilinu
ile yar1 elastik blok modeline gore degerlendirilecek ve tektonik blok doniikliikleri, yamulma birikimleri
ve asismik kripin fay diizlemi yapisi tizerindeki degisimleri ve derinlikleri tartisilacaktir.

Bu arastirma Hitit Universitesi Bilimsel Arastirmalar Projeleri (BAP) Koordinatorliigii tarafindan
desteklenmektedir (Proje No: ODMY0O19001.21.001).

Anahtar Kelimeler: Tektonik Bloklar, Deprem, Asismik Krip, Yari Elastik Blok Modelleme

Abstract

Tectonic blocks and their relative movements with respect to each other cause many earthquakes on the
faults which are at the boundaries of the blocks. In this respect, our country has numerous fault zones
covering a very wide geography, and the most important of which is the North Anatolian Fault (NAF).

When the mechanisms of this tension accumulated at the block boundaries are examined, the energy
within the fault zone can be discharged without an earthquake, also. These movements cause
deformations that can also be observed from the earth surface and are defined as “aseismic creep” in the
literature. Aseismic creep can cause to be fully or partly discharged the accumulated strain in the fault
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zone without an earthquake. During this movement, the creep can be observed to the bottom of the
seismogenic layer or in a certain part of it. From this point of view, it is also important in terms of
examining seismic risks.

Since 1970s, there are two regions in our country where aseismic creep has been reported, which is
rarely observed in the nature. These are Ismetpasa and Destek segments on the NAF. With the help of
local or regional networks established in these regions, the nature of this movement is examined.

Between 2014-2016, a geodetic network covering both segments was designed and GPS data from
observation points which are established through the aseismic creep segments with 3 and 10 km
distances on the both side of the fault and TUSAGA-AKTIF (CORS-TR) stations are evaluated.
According to the results, aseismic creep movement, especially in the Destek segment, has increased
about 50% compared to the previous studies.

In this study, GPS observations were made in 2021 at 4 stations in the Destek segment of this previously
established network. At this stage, the data will first be evaluated with the GAMIT/GLOBK software
and a regional velocity field will be created. Then, these data will be evaluated according to the semi-
elastic block model with TDEFNODE software and tectonic block rotations, strain accumulations and
changes and depths of the aseismic creep on the fault plane will be discussed.

This research has been supported by Coordinatorship of Scientific Research Projects (BAP) of Hitit
University (Grant No.ODMYO019001.21.001).

Keywords: Tectonic Blocks, Earthquake, Aseismic Creep, Semi-elastic Block Modelling
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Kuzey Anadolu Fay Zonu (KAFZ) Orta Kesimindeki Giincel Yer Kabugu
Hareketlerinin GNSS Yontemi ile Belirlenmesi
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Anatolian Fault Zone (NAFZ) using GNSS
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Ozet

Yer kabugunun siirekli hareketi deprem caligsmalarina yeni bir boyut kazanmistir. Bu yeniligin sagladigi
yaklasimlar sayesinde jeodezik 6lgme teknikleri deprem ¢alismalarina 6nemli bir altyapi saglamaktadir.
Jeodezi biliminde kullanilan GNSS’in (Kiiresel Navigasyon Uydu Sistemleri), 1980’1i yillardan itibaren
klasik 6l¢me tekniklerini geride birakarak yaygin bir kullanim alan1 olmustur. Kabuk deformasyonlari
sonucu olusan depremlerin tahmin ¢aligmalarinin en 6nemlilerinden birisi de fay hatlar1 iizerinde
olusturulan aglarin periyodik olarak takip edilmesidir. Jeodezik calismalarda kullanilan GNSS, bu
izleme calismalarinda kullanilan en 6nemli teknolojilerden birisidir.

Tirkiye'nin dogusunda Karliova'dan Saros Korfezi'ne kadar uzanan Kuzey Anadolu Fay Zonu (KAFZ),
yaklasik 1500 km uzunlugu ile diinyanin en uzun aktif dogrultu atimli faylarindan biridir. KAFZ’1n ana
kolundan ayrilan ve Anadolu’nun i¢ kisimlarina uzanan farkli faylar bulunmaktadir. Fay uzantisinin
tamami hala sismik olarak aktif olmasina ragmen, biiyiikk sismisite KAF’in ana kolu boyunca
yogunlagmustir.

Bu calismanin amact KAFZ’1n orta kesiminde, fayin ana kolu ve yan kollar1 iizerinde deformasyon
miktarinin belirlenmesidir. Doguda Tokat’dan batida Kastamonu’ya, Kuzeyde Sinop’tan giineyde
Alaca’ya kadar genis bir ag olusturulmustur. Olusturulan ag icerisinde kalan bolge KAFZ’1n en az
incelenen bolgesidir. Kendi i¢inde birden fazla segmentlere ayrilmus ve bunlardan en onemlileri de
Merzifon-Esengay Segmenti ve Sungurlu Segmenti sayilabilir.

Calisma bolgesinde olusturulan ag icerisinde mevcut TUTGA noktalar1 ve bunlara ek olarak Tusaga-
AKTIF noktalar1 belirlenmistir. Ag icerisinde kalan TUTGA noktalarmin 2000 yilindan 2018 yilina
kadar belirli periyodlardaki verileri Harita Genel Miidiirliigiinden (HGM) temin edilmistir. TUTGA ve
Tusaga-AKTIF verileri GAMIT/GLOBK yazilimi ile degerlendirilmis ve hiz alani tespit edilmeye
calisilmistir. Elde edilen giincel GNSS hizlarinin kullanildigi blok modelleme yaklasimi esas alinarak,
tanmimlanan tektonik bloklarin doniikliikleri ve fay segmentleri iizerindeki yamulma birikimleri
modellenerek caligma alanindaki kilitlenme hareketinin belirlenmesi hedeflenmektedir.

Anahtar Kelimeler: KAF, GNSS, Tektonik, Blok Model

Abstract

The continuous movement of the earth's crust has gained a new dimension to earthquake studies. Thanks
to the approaches provided by this innovation, geodetic measurement techniques provide an important
infrastructure for earthquake studies. GNSS (Global Navigation Satellite Systems), which is used in
geodesy, has become a widespread area of use, leaving behind classical surveying techniques since the
1980s. One of the most important estimation studies of earthquakes formed as a result of crustal
deformations is the periodic monitoring of networks formed on fault lines. GNSS, which is used in
geodetic studies, is one of the most important technologies used in these monitoring studies.

The North Anatolian Fault Zone (NAFZ), which stretches from Karliova to Saros Bay in eastern Turkey,
is one of the longest active strike-slip faults in the world, with a length of approximately 1500 km. There
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are different faults that separate from the main branch of the NAFZ and extend into the inner parts of
Anatolia. Although the entire fault extension is still seismically active, major seismicity is concentrated
along the main branch of the NAF.

The aim of this study is to determine the amount of deformation on the main branch and side branches
of the fault in the central part of the NAFZ. A wide network was formed from Tokat in the east to
Kastamonu in the west, from Sinop in the north to Alaca in the south. The region within the created
network is the least studied region of the NAFZ. It is divided into more than one segment, and the most
important of these are the Merzifon-Esengay Segment and the Sungurlu Segment.

In our area, existing TUTGA points and additionally TUSAGA-ACTIVE points were determined. The
data of the TUTGA points remaining in the network in certain periods from 2000 to 2018 were obtained
from the General Directorate of Mapping (HGM). TUTGA and TUSAGA-AKTIF data were evaluated
with GAMIT/GLOBK software and the velocity field has been determined. Based on the block modeling
approach using the current GNSS velocities, it is aimed to determine the locking movement in the study
area by modeling the rotations of the defined tectonic blocks and the strain accumulations on the fault
segments.

Keywords: NAF, GNSS, Tectonic, Block Model
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Orta Marmara Fay1 Sismik Potansiyelinin Ortaya Konulmasi icin Yapilan Jeodezik
Faaliyetler

Geodetic Activities to Reveal the Seismic Potential of the Central Marmara Fault
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Ozet

Yerkiirenin i¢ dinamigi sonucu kara pargalarinin birbirlerine gorece olarak hareket etmesi ile uzun yillar
icerisinde olusan enerji birikiminin esik degeri agsmasiyla beraber biriken enerjinin saniyeler icerisinde
salinmasiyla kuvvetli yer sarsintilar1 meydana gelmektedir. Enerji salinim siras1 ve sonrasinda genelde
yerkabugu iizerinde kiriklar seklinde gozlemlenebilen catlaklar olugsmaktadir. Fay olarak adlandirilan
bu catlaklarin ¢ogu okyanus diplerinde yer almaktadir. Bu sebeple kara iizerinde gozlemlenebilen fay
hatlari, tektonik ¢alismalar yapan bilim insanlari i¢in biiylik nem arz etmektedir.

Arap, Afrika ve Avrasya plakalarinin sikistirmasi sonucu batiya dogru kagis hareketi izleyen Anadolu
mikro plakas1 iizerinde bir¢ok farkli tektonik yapi gozlenebilmektedir. Bu acidan iilkemiz, tektonik
calismalarin yapilabilecegi onemli ¢aligma alanlaridan birisidir. Ozellikle Karliova’dan baglayarak Ege
Denizi’nde sonlanan ve uzunlugu yaklasik 1200 km olan, sag yanal atimli Kuzey Anadolu Fay1 (KAF)
en Oonemli faylardandir. Bu fay iizerinde, siddeti Mw 7.9’lara kadar ¢ikan yikici depremlerin meydana
gelmesi, Diinya nin kalabalik kentlerinden birisi olan Istanbul’un yakinindan ge¢mesi, karakter olarak
San Andreas fay1 ile benzer olmasi gibi sebepler, KAF’1n 6nemini daha da arttirmaktadir. Son yiizyil
icerisinde 1939 Erzincan depremi ile baslayan ve 1999 Diizce ve Izmit depremi ile son bulan yikici
deprem silsilesinin meydana geldigi KAF’da, kirilmalar dogudan batiya dogru goc etmektedir. Jeodezi,
jeoloji, jeofizik vb. farkli disiplinlerden bircok bilim insaninin gerceklestirdigi calismalar sonucunda bir
sonraki bliyiik depremin Marmara Denizi’nin altindan gecen fayin bat1 kesiminde meydana gelebilecegi
ongoriilmiistiir. Ancak literatiirde yapilan ¢calismalara bakildiginda, KAF 1n istanbul ve Tekirdag illeri
arasinda kalan segment icin kapsamli bir jeodezik calismanin olmadigi goriilmektedir. Bu nedenle,
Marmara Bolgesi’nde, farkli kurum ve kuruluslar tarafindan olusturulan mevcut GNSS aglar ile entegre
edilen, kiy1 boyunca yaklasik 10 km araliklarla siirekli gozlem yapan GNSS istasyonlarinin tesis
edilmesi ile yeni bir ag olusturulmustur. Olusturulan bu agda ve mevcut aglarda yer alan GNSS
istasyonlarinin Agustos 2017 ile Subat 2020 arasindaki verileri degerlendirilerek hizlar belirlenmistir.
Elde edilen hizlar GEODSUIT yazilimi kullanilarak bolgenin gerinim haritasi olusturulmustur. Farkli
kurum ve kuruluslarin tesis ettigi aglarda yer alan noktalar ile ve bu veri setine ¢alisma kapsaminda tesis
edilen noktalarin hizlarn eklenerek iki farkli gerinim haritas1 olusturulmustur. Elde edilen gerinim
degerlerine gore mevcut aglardaki noktalardan elde edilen gerinimin anlamsiz oldugu, eklenen noktalar
ile elde edilen gerinim haritasina gore agin mevcut jeodezik veri eksikligini giderdigi goriilmektedir.
Ayrica gerinim analizi sonucunda KAF’in Marmara Denizi’'ndeki en aktif boliimiiniin Tekirdag
Segmenti (TS), Kumburgaz Segmenti (KS) ve Orta Segment (OS) oldugu goériinmektedir ve buna ek
olarak OS iizerinde meydana gelen sismik aktivitelerin sonucunda TS ve KS’ye gerilim transferi s6z
konusu olabilir. Degerlendirmelerimize gore bu bolgede meydana gelen deformasyon sonucunda biiyiik
bir depremin meydana gelebilecegi ongoriilmektedir.

Anahtar Kelimeler: Orta Marmara, KAF, Jeodezi, Tektonik

Abstract

Earth crusts, caused by the internal dynamics of the earth, accumulate energy over many years with their
movements relative to each other. As a result of the energy accumulation exceeding the threshold value,
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the energy is released within seconds, therefore strong ground shaking occurs. During and after the
energy release, fractures that can be observed on the earth's crust occur. Most of these fractures, called
faults, are located at the bottom of the ocean. For this reason, faults that can be observed on land are of
great importance for scientists working on tectonic studies.

Many different tectonic structures can be observed on the Anatolian microplate, which moves westward
as a result of the interaction of the Arabian, African and Eurasian plates. In this respect, our country is
one of the important study areas where tectonic studies can be done. Especially the right-lateral North
Anatolian Fault (NAF), which starts from Karliova and ends in the Aegean Sea and has a length of
approximately 1200 km, is one of the most important faults. The reasons such as the occurrence of
destructive earthquakes with a magnitude of up to Mw 7.9 on this fault, the fact that it passes near one
of the most crowded cities of the world, Istanbul, and that it is similar in character to the San Andreas
fault increase the importance of the NAF. Fractures migrate from east to west in the NAF, where a
devastating earthquake sequence occurred in the last century, which started with the 1939 Erzincan
earthquake and ended with the 1999 Diizce and Izmit earthquakes. As a result of studies that carried out
by many scientists from geodesy, geology, geophysics etc. disciplines, show that the next devastating
earthquake may occur in the western part of the fault that passes under the Marmara Sea. However,
when we look at the studies in the literature, it is seen that there is no comprehensive geodetic study for
the segment between Istanbul and Tekirdag provinces of the NAF. For this reason, a new network has
been established in the Marmara Region, with the installed of GNSS stations that operate continuously
observations at approximately 10 km intervals along the coast, which are integrated with the existing
GNSS networks created by different organizations. Velocities were determined by processing the data
of GNSS stations in this created network and existing networks between August 2017 and February
2020. The strain map of the region was created using the obtained velocities and the GEODSUIT
software. Two different strain maps were created; by using existing networks stations velocities and the
velocities of the stations newly installed and existing networks. According to the strain values that are
estimated from existing network stations velocities, it is seen that there are no significant deformations.
On the contrary, according to the strain values that are estimated from all station velocities, it is seen
that the newly network eliminates the existing geodetic data deficiency. Also analysis demonstrates that
the most active part of the NAF in the Marmara Sea is the Tekirdag Segment (TS), Kumburgaz Segment
(KS) and Central Segment (CeS), and as a result of the seismic activities on the Ces, there may be stress
transfer to TS and KS. According to our evaluations, a major earthquake may occur as a result of the
ongoing deformation in this region.

Keywords: Central Marmara, NAF, Geodesy, Tectonic
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Gercek Zamanh Hassas Nokta Konumlama (RT-PPP) Yontemi ile Deprem Kaynakh
Yiizey Dalga Hareketlerinin izlenebilirliginin Incelenmesi

Investigation of Capturing of Earthquake-induced Surface Wave Movements by Real-Time
Precision Point Positioning (RT-PPP) Method
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Ozet

Yiiksek ornekleme araligina (10, 20, 50 ve 100 Hz) sahip jeodezik nitelikli GNSS (Global Navigation
Satellite System) alicilarinin iiretilmesiyle yiiksek zamansal ¢oziiniirliiklii zamana bagli, ani degisebilen
yer degistirme zaman serilerinin elde edilmesi miimkiin hale gelmistir. Uluslararast GNSS servisi (IGS)
analiz merkezlerinin iirettigi hassas uydu yoriinge ve saat diizeltme bilgilerini kullaniciya iicretsiz olarak
saglamasiyla tek bir GNSS alicisi, verileri Kinematik Hassas Nokta Konumlama (PPP) yontemi ile
proses edilmektedir. PPP sonradan degerlendirme yontemiyle epok-epok deplasman zaman serileri
hesaplanmaktadir. IGS’in yiiriitmiis oldugu IGS Ger¢ek Zamanli Servis(RTS) pilot projesi kapsaminda
IGS analiz merkezlerinden gelen uydu yoriinge ve saat diizeltme bilgileri, birlikte hesaplanip kombine
edilerek RTS (Real Time Service) iiriinleri (IGS01/IGCO01, IGS02 ve IGS03) olarak internet servisi
tizerinden, NTRIP (Networked Transport of RTCM via Internet Protocol) veri iletim protokolii
vasitasiyla RTCM/SSR(Radio Technical Commission for Maritime Services/State Space
Representation) veri formatinda Nisan 2013’den beri kullaniciya iicretsiz sunulmaktadir. Bununla
birlikte tek bir GNSS alicisimin kullaniciya sunulan iiriinlerin siirekli yayin efemerisi akis1 saglanarak
gercek zamanli PPP (RT-PPP) yontemiyle anlik olarak koordinat degisimleri elde edilmeye
baslanmistir. Bu calismada, yiiksek orneklem araligina sahip gercek zamanli hassas nokta konumlama
(RT-PPP) yonteminin kisa siireli (20-60 sn) dinamik deplasmanlari izleyebilme kabiliyeti, depremin
yarattig1 etkiyi simiile edebilen ve rastgele harmonik hareketler iiretebilen yatay yonlii sarsma tablasinda
harmonik salinimlar ve deprem yer hareketi simiilasyonu yapilarak incelenmistir. Farkli giinlerde ve
giiniin farkl1 zamanlarinda gergeklestirilmis deney setleri yontemin degerlendirilmesi i¢in kullanilmistir.
Deprem deney setlerinden biri olan ve yatay sarsma tablasinda simiilasyonu yapilan Diizce (1999)
depremine ait deprem yer hareketini tespit etmek i¢in hem sarsma tablasina monte edilmis LVDT
(Linear Variable Differential Transformer) sensdr hem de 20 Hz 6rnekleme araliginda veri toplayan
GPS gozlemleri IGCO1 RTS iiriinii kullanilarak acik kaynakli bir yazilim paketi olan RTKLIB
yaziliminin RTKLIB_Navi uygulamasi araciligiyla RT-PPP c¢o6ziimleri elde edilmistir. RT-PPP
yonteminin dinamik davraniglart belirleme dogrulugu LVDT sensoriin iirettigi yer degistirme verisi
referans alinarak ayrica sonradan degerlendirme PPP yontemiyle kiyaslanarak degerlendirilmistir.
Aragtirma bulgulart RT-PPP yoOnteminin yiiksek Orneklem araligina sahip GPS go6zlemlerinin
degerlendirilmesinde ve dinamik deplasmanlarin yakalanmasinda etkili bir sekilde kullanilabilecegini
gostermistir. Bu calismada ayrica 30 Ekim 2020’ de meydana gelen Mw=7.0 biiyiikliigiindeki Samos
depremi yer hareketleri, 1 Hz o6rnek araligina sahip GPS verileri RT-PPP tekniginin yaninda, gercek
zamanlh hassas uydu yoriinge ve saat {iirlinleri kullanilarak yakin gercek zamanli PPP yontemi
kullanilarak incelenmistir. Yapilan incelemede hem deprem ani yer hareketleri hem de kosismik
deformasyonlarin kinematik zaman serisinden belirlenebildigi goriilmiistiir. Sonuclar, gercek zamanl
hassas uydu yoriinge ve saat iirlinleri kullanilarak, yakin gercek zamanli PPP ile hizli bir sekilde deprem
yer hareketlerinin yakalanabilecegi ve yeterli sayi/dagilimda nokta olmasi durumunda kinematik
kosismik deformasyon degerleriyle deprem mekanizmasinin hizli bir kestirimi yapilabilecegini isaret
etmistir.

Anahtar Kelimeler: RT-PPP, GNSS, Dinamik yer degistirme, Kosismik Deformasyon, IGS-RTS
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Abstract

With the development of geodetic GNSS (Global Navigation Satellite System) receivers with high
sampling intervals (10, 20, 50 and 100 Hz), it has become possible to obtain time-dependent, abruptly
changing displacement time series with high temporal resolution. By providing the precise satellite orbit
and clock correction produced by the International GNSS service (IGS) analysis centers free of charge
to the user, a single GNSS receiver data can be processed with the Kinematic Precise Point Positioning
(PPP) method. Epoch by epoch displacement time series are estimated by post-mission PPP. Within the
scope of the IGS Real Time Service (RTS) pilot project carried out by IGS, the satellite orbit and clock
correction from the IGS analysis centers are calculated and combined together and are available over
the internet as RTS products (IGS01/IGCO01, IGS02 and IGS03). It has been provided free of charge to
the user since April 2013 in RTCM/SSR (Radio Technical Commission for Maritime Services/State
Space Representation) data format via NTRIP (Networked Transport of RTCM via Internet Protocol)
data transmission protocol. In addition, by providing a continuous broadcast ephemeris flow of the
products offered to the user by a single GNSS receiver, instantaneous coordinate changes have begun
to be obtained with the real-time PPP (RT-PPP) method. In this study, the ability of real-time precise
point positioning (RT-PPP) method with a high sampling rate to monitor short-term (20-60 sec) dynamic
displacements, such as harmonic oscillations and earthquake-induced ground wave motion, was
investigated. Experiments performed on different days and at different times of the day were used to
evaluate the method. In order to detect the ground motion of Diizce (1999) earthquake, both the LVDT
(Linear Variable Differential Transformer) sensor mounted on the shaking table and the GPS
observations with a sampling rate of 20 Hz were used using the IGCO1 RTS product. RT-PPP solutions
were obtained through the RTKNavi application of RTKLIB software, which is an open source software
package. The accuracy of determining the dynamic behaviors of the RT-PPP method was evaluated by
reference to the displacement data produced by the LVDT sensor and also by comparing it with the post-
processed PPP method. The research findings showed that the RT-PPP method can be used effectively
in the evaluation of GPS observations with high sampling rate and in capturing dynamic displacements.
In this study, ground motions of the Samos earthquake with a magnitude of Mw = 7.0, which occurred
on October 30, 2020, and GPS data with 1 Hz sample interval were also examined using the near real-
time PPP method using real-time precise satellite orbit and clock products. In the study, it was seen that
both earthquake ground motions and co-seismic deformations could be determined from the kinematic
time series. The results indicated that by using real-time precise satellite orbit and clock products,
earthquake ground motions can be captured quickly with near real-time PPP and a rapid estimation of
earthquake mechanism can be made with kinematic co-seismic deformation values if there are sufficient
number/distribution points.

Keywords: RT-PPP, GNSS, Dynamic Displacement, Co-seismic Deformation, IGS-RTS
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Tiirkiye Kaynakh Ilk Cevrimici PPP Servisi
The First Online PPP Service Developed in Turkey
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Ozet

Hassas Nokta Konumlama (Precise Point Positioning, PPP) yalnizca bir alic1 ile kiiresel dlcekte yiiksek
konum dogrulugu saglayabilen kiiresel navigasyon uydu sistemleri (GNSS) konum belirleme teknigidir.
Uygulama kolayligi, diisiik maliyeti ve referans istasyon ihtiyacini ortadan kaldirmasi gibi avantajlari
ile PPP tekniginin GNSS uygulamalarindaki kullanim orani her gegen giin artmaktadir. Son donemde
GLONASS uydu takiminin tekrar tamamlanmast ve Galileo ve BeiDou gibi yeni kiiresel navigasyon
sistemlerinin ortaya ¢ikmasi tim GNSS uygulamalari i¢in ilave uydu ve sinyal kaynagi saglamistir.
Birden fazla navigasyon sisteminin ortak kullanilmasi, yani ¢coklu-GNSS, konum dogrulugu agisindan
PPP performansinin iyilestirilmesinin yani sira, teknigin en 6nemli dezavantaji olan yakinsama siiresinin
kisaltilmasi icin de 6nemli firsatlar sunmaktadir. PPP teknigine olan ilginin artmasi, son donemde bu
konuda gelistirilen yazilim sayisinin da artmasina neden olmustur. Bu kapsamda hizmete sunulan
yazilimlardan birisi de Hacettepe Universitesi Geomatik Miihendisligi Boliimii biinyesinde 2017 yilinda
tamamlanmis olan ve ¢oklu-GNSS PPP ¢o6ziimii gerceklestirebilen “PPPH” adli agik-kaynak kodlu
GNSS analiz yazilimdir.

Bu calismada, halen siirmekte olan 118Y410 numarali TUBITAK 1001 projesi kapsaminda iilkemizde
gelistirilen ilk gevrimici PPP servisi olan “PPPH Online” tanitilacaktir. Tlgili projenin ilk asamasinda
“PPPH” yaziliminda kullanilan algoritmalar giincellenmis ve cesitlendirilmis, ve yaziliminin
performansi konum dogrulugunun yani sira yakinsama siiresi olarak da iyilestirilmistir. Projenin ikinci
asamasinda ise yazilim diinyada birka¢ Ornegi bulunan ¢evrimi¢ci PPP servislerinden birisine
donustiiriilmiistiir. “PPPH Online” benzer ¢evrimigi servislerden farkli olarak giiniimiiz itibariyle dort
kiiresel navigasyon sisteminin (GPS, GLONASS, Galileo, BeiDou) gozlemlerini isleyebilen tek
cevrimici servis durumundadir. Servis Ingilizce nin yani sira Tiirkge ara yiizii ile de hizmet vermektedir.
Calismada ayrica onciil bir performans degerlendirmesi olarak “PPPH Online” sonuglari, oldukca
yaygin olarak kullanilan bir diger ¢evrimici PPP servisi olan CSRS sonuglart ile karsilastirmali olarak
sunulacaktir.

Anahtar Kelimeler: PPPH Online, Cevrimici PPP Servisi, Hassas Nokta Konumlama, Coklu-GNSS

Abstract

Precise Point Positioning (PPP) is a global navigation satellite systems (GNSS) technique that can
provide high positioning accuracy on a global scale with only one receiver. With its advantages such as
ease of application, low cost and eliminating the need for reference stations, the use of PPP technique
in GNSS applications is increasing day by day. The recent recompletion of the GLONASS constellation
and the emergence of new global navigation systems such as Galileo and BeiDou have provided
additional satellite and signal sources for all GNSS applications. The joint use of more than one
navigation system, namely multi-GNSS, offers important opportunities to improve the PPP performance
in terms of positioning accuracy, as well as to shorten the convergence time, which is the most important
drawback of the technique. The increasing interest in the PPP technique has led to an increase in the
number of software developed in this regard recently. One of the software put into service in this context
is the open-source GNSS analysis software called “PPPH”, which was completed in 2017 within the
Department of Geomatics Engineering at Hacettepe University and which can realize a multi-GNSS
PPP solutions.

In this study, “PPPH Online”, which is the first online PPP service developed in our country within the
scope of the TUBITAK 1001 project numbered 118Y410, will be introduced. In the first phase of the
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related project, the algorithms used in the “PPPH” software have been updated and diversified, and the
performance of the software has been improved in terms of position accuracy as well as convergence
time. In the second phase of the project, the software was transformed into an online PPP service, which
has few examples in the world. Unlike similar online services, “PPPH Online” is currently the only
online service that can process observations of four global navigation systems (GPS, GLONASS,
Galileo, BeiDou). The service works with a Turkish interface as well as English. In the study, as a
preliminary performance evaluation, the results of the “PPPH Online” will also be presented in
comparison with the results of CSRS, which is another widely used online PPP service.

Keywords: PPPH Online, Online PPP Service, Precise Point Positioning, Multi-GNSS
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Ozet

Ataletsel Olcii Birimi (Inertial Measurement Unit-IMU) giiniimiizde akilli cep telefonlarindan,
robotlara, insanli/insansiz kara-hava-deniz ve uzay araclarindan, stabilizasyon sistemlerine kadar bir¢ok
alanda yaygin bir sekilde kullanilmaktadir. Ivmedlcer ve doniiclcerlerden (jiroskop) olusan ataletsel
sensorler, monte edildikleri objenin gdvde referans cercevesinin inersiyal referans cercevesine gore
hareketinin algilanmasina ve harekete iliskin ivme ve acisal hizlarin elde edilmesini saglamaktadir.
Uygulamada IMU’lar genellikle GNSS, odometre, manyetometre, kamera, lazer tarayici vb. yardimel
sensorler ile entegre edilerek navigasyon problemlerinin ¢éziimiinde asil sensor olarak kullanilmaktadir.
Son yillarda hareketli platformalar ile Yer gravite alaninin dl¢iilmesinde de IMU’lardan aktif olarak
faydalanilmistir. Durgun ve hareketsiz durumdaki ataletsel sensor ¢iktilari ile Yer donme agisal hizi,
lokal gravite, jeodezik enlem, yonelim ve kuzey yonii gibi bazi jeodezik parametreler kabaca fakat hizli
bir sekilde belirlenebilmektedir. Bu ¢alismada s6z konusu jeodezik parametrelerin belirlenmesi konu
edilmistir. Kuvars ivmedlger ve halka lazer doniidlger iicliilerinden olusan navigasyon dereceli bir IMU
kullanilarak, laboratuvar kosullarinda her biri en az 24 saat siirecek sekilde 4 farkli oturum
gerceklestirilmis ve 300 Hz 6rneklem araliginda duragan IMU verileri toplanmustir. Elde edilen veriler
ile Yer donme acisal hizi, lokal gravite, jeodezik enlem, yonelim ve kuzey yonii kestirilmis ve referans
degerleri ile karsilastirilmstir.

Anahtar Kelimeler: Ataletsel Olgii Birimi (IMU), Yer Donme Acisal Hizi, Lokal Gravite, Jeodezik
Enlem, Yonelim Parametreleri

Abstract

Inertial Measurement Unit (IMU) is widely used in many fields from smart phones to robotics, from
manned/unmanned land-air-sea and space vehicles to stabilization systems. Inertial sensors, consisting
of accelerometers and gyroscopes, measure the motion of body reference frame origin of an object with
respect to the inertial reference frame and provide acceleration and angular rate data related to this
motion. Integrated with auxiliary sensors such as GNSS, odometer, magnetometer, camera, and laser
scanner, IMUs are usually used as the primary navigation sensor in solving navigation problems in
practice. IMUs have been actively used in measuring the Earth’s gravity field with moving platforms in
the recent years. Some geodetic parameters such as Earth’s angular rotation rate, local gravity, geodetic
latitude, attitude, and north finding can be determined roughly but in a quick way with inertial sensor
outputs acquired in stationary position. Determination of such geodetic parameters is the subject of this
study. We use a navigation grade IMU consisting of quartz accelerometer and ring laser gyroscope
triads, and collect 4 sessions of IMU data at 300 Hz sampling interval in laboratory conditions, each
lasting at least 24 hours. Earth’s angular rotation rate, local gravity, geodetic latitude, attitude, and north
direction are estimated based on the measured data and compared with reference values.

Keywords: Inertial Measurement Unit (IMU), Earth’s Angular Rotation Rate, Local Gravity, Geodetic
Latitude, Attitude Parameters
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AKkilli Telefonlarin Kinematik Konum Belirleme Performansinin Arastirilmasi
Investigation of Kinematic Positioning Performance of Smartphones
Berkay Bahadur!*

"Hacettepe Universitesi, Geomatik Miihendisligi Boliimii, 06800, Cankaya, Ankara

gherkayimhadl,tr@ hacettepe.edu.tr

Ozet

2016 yilinda Android telefonlara ait ham GNSS (Global Navigation Satellite Systems) gozlem
verilerinin kullanicilarla paylasilmaya baslanmasiyla birlikte akilli telefonlarla konum belirleme
uygulamalar1 GNSS kullanicilar1 arasinda oldukga ilgi ¢eken bir konu olmustur. Bunun temel nedeni
mevcut GNSS pazarinin bitylik bir boliimiinii halen cep telefonu ve akilli cihazlardaki GNSS alicilarinin
olugturmasidir. Ancak, cift-frekansli GNSS alicis1 bulunduran yeni nesil telefon modelleri olsa dahi
mevcut akilli telefonlarin énemli bir kismu tek-frekansh kod gozlemlerini kaydedebilen gérece daha
diisitk maliyetli GNSS alicilarina sahiptir. Dolayisiyla akilli telefonlar ile yiiksek konum dogruluguna
erismek kendine has problemleri nedeniyle oldukg¢a zor ve ileri diizey isleme teknikleri gerektiren bir
konudur. Bu nedenle son yillarda PPP (Precise Point Positioning), RTK (Real-time Kinematic), kisa baz
¢cOziimlerini iceren rolatif teknikler basta olmak iizere akilli telefonlarin konum belirleme performansini
iyilestirmek amaciyla bir¢ok calisma gerceklestirilmistir. Bu ¢calismanin temel amaci da akilli telefonlar
ile gercek-zamanl kinematik konum belirleme performansinin arastirilmasidir. Bu ¢alismada Google
GNSS ekibi tarafindan Android cihazlar kullanilarak toplanan ve arastirmacilarin kendi algoritmalarini
denemeleri igin paylasilan GNSS veri seti kullanilmugtir. lgili veri seti 14 Mayis 2020’de San
Francisco’da bulunan bir otoyolda hareketli bir arac¢ iizerine yerlestirilmis Pixel 4 marka akilli
telefondan elde edilen ham GNSS verisini igermektedir. Ilgili telefon GPS, GLONASS ve Galileo
uydularina ait gézlemleri 1 saniye aralikla kaydedebilen ¢coklu-GNSS bir aliciya sahiptir. Buna ek olarak
veri setinde harici bir INS (Inertial Navigation System) ile belirlenmis ve kontrol icin kullanilabilecek
akilli telefona ait referans konum bilgisi de sunulmaktadir. Calisma kapsaminda ilgili veri seti tek-
frekansh kod gozlemleri kullanilacak sekilde GPS, GLONASS ve Galileo sistemlerinin tekli ¢oziimleri
ve hepsinin dahil edildigi coklu-GNSS ¢6ziimii olmak iizere toplamda 4 farkli senaryoda kinematik
modda islenmistir. Coziimlerde uydu yoriinge ve saat hatalarim gidermek icin Wuhan Universitesi
analiz merkezi (WHU) tarafindan saglanan ultra-hizli (ultra-rapid) iiriinlerin kullanildigr gelismis bir
islem stratejisi kullanilmistir. Bu {iiriinlerin en biiyiik 6zelligi tahmini uydu yoriinge ve saat bilgilerini
icerdigi icin ger¢ek-zamanli uygulamalarda herhangi bir harici baglanti gerektirmeden kullanilabiliyor
olmasidir. Sonuclar, GPS, GLONASS ve Galileo ¢oziimlerinin 5,613, 10,103 ve 3,552 m yatay konum
dogrulugu saglayabildigini gostermektedir. Diiseyde ise ilgili ¢oziimler sirasiyla 6,891, 14,512 ve 6,688
m konum dogruluguna sahiptir. Sonuglardan gerek yatayda gerekse diiseyde Galileo ¢6ziimiiniin diger
sistem ¢Oziimlerine kiyasla ¢ok daha iyi konum belirleme performansina sahip oldugu goriilmektedir.
Ayrica ¢coklu-GNSS ¢oziimiinden yatay ve diisey bilesenler i¢in elde edilen konum dogrulugu sirasiyla
2,865 ve 3,760 m olarak hesap edilmistir. Bu sonuglar coklu-GNSS ¢6ziimiiniin kullanilmasi durumunda
akill telefonlar ile cok daha yiiksek konum dogrulugu elde edilebilecegini ortaya koymustur.

Anahtar Kelimeler: GNSS, Hassas Konumlama, Akilli Telefonlar, Ger¢ek-zamanli

Abstract

With initializing the share of raw GNSS (Global Navigation Satellite System) observation data of
Android smartphones with users, the positioning applications with smartphones have been a topic
attracting interest within the GNSS users. Its main reason is that GNSS receivers in smartphones and
other smart devices still comprise the vast majority of the current GNSS market. However, a significant
portion of existing smartphones contains relatively low-cost GNSS receivers that can collect single-
frequency code observations only, while there exist some new-generation smartphone models with dual-
frequency GNSS receivers. Therefore, achieving high positioning accuracy with smartphones is a rough
topic that requires advanced processing techniques because of its specific restrictions. Hence, several
studies, including especially PPP (Precise Point Positioning), RTK (Real-time Kinematic), and relative
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positioning techniques that contain the short baseline solutions have been done to improve the
positioning performance of smartphones. The main objective of this study is to investigate the
performance of real-time kinematic positioning with smartphones. The GNSS dataset collected by the
Google GNSS team with Android devices and provided for researchers to evaluate their algorithms has
been used in this study. The related dataset includes the raw GNSS data acquired from the Pixel 4
smartphone placed on a vehicle moving along a highway in the US San Francisco on May 14, 2020. The
smartphone has a multi-GNSS receiver that can collect GPS, GLONASS, and Galileo observations with
a sampling interval of 1 second. In addition, the dataset provides the ground truth information for the
smartphone obtained from an external INS (Inertial Navigation System), and it can be used for the
performance assessment. As a part of this study, the related dataset was processed in kinematic mode
using single-frequency code observations at four different scenarios, including single-system solutions
of GPS, GLONASS, and Galileo in addition to their multi-GNSS solution. An advanced processing
strategy, where ultra-rapid products generated by the Wuhan University analysis center (WHU) are
utilized to mitigate satellite orbit and clock errors, was employed in the GNSS solutions. The main
feature of these products is that they can be used in real-time applications without an external connection
since they include the predicted satellite orbit and clock errors. The results indicated that GPS,
GLONASS, and Galileo solutions provide horizontal positioning accuracies of 5.613, 10.103 and 3.552
m, respectively. Also, the corresponding solutions have positioning accuracies of 6.891, 14.512 and
6.688 m vertically. It can be seen from the results that the Galileo solution provides considerably better
positioning performance for both horizontal and vertical components when compared with other single-
system solutions. Besides, the positioning accuracies obtained from the multi-GNSS solution are
computed as 2.865 and 3.760 m for horizontal and vertical components, respectively. The results
revealed that substantially higher positioning accuracy could be acquired with smartphones when the
multi-GNSS solution is employed.

Keywords: GNSS, Precise Positioning, Smartphones, Real-time
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Harmonic Motion Tracking with Smartphone IMU and GNSS Integration
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Ozet

GNSS ve ivmedlger yapt sagligi, yer kabugu hareketlerinin izlenmesi, deformasyonlarin belirlenmesi
vb. caligmalarda farkli nitelikteki donanimlarin disinda yaygin olarak kullanilan sensorlerdir. Yiiksek
frekansh jeodezik GNSS alicilari, sismometrelerin dlgebileceginden daha biiyiik yer degistirmeleri
Olcebilmektedir. Buna karsin ivmedlcerler ise GNSS alicilarina kiyasla daha yiiksek oOrnekleme
frekansina sahiptirler. Bu 6zellikler GNSS alicis1 ve ivmedlgerin birbirlerini tamamlayan sensorler
olmasini saglarken, GNSS/IMU entegrasyonunun yer degistirme hareketlerinin belirlenmesinde etkin
kullanimini saglamaktadir. Bu caligmada yiiksek maliyetli ve yiiksek frekansh jeodezik nitelikteki sabit
referans istasyonu kalitesinde GNSS alicis1 (Trimble NETR9) gozlemleri ile gorece diisiik maliyetli ve
diisiik frekansh ¢ift frekans GNSS c¢ipine sahip akilli bir telefonun (Xiaomi Mi8) GNSS goézlemleri,
akilli telefonda bulunan Ataletsel Olgiim Birimleri (Inertial Measurement Unit, IMU) ile entegre
edilerek, harmonik hareketleri izleyebilme yetenekleri arastirilmistir. Yiiksek frekansli hassas GNSS
gozlemleri i¢in Trimble NETRY (20 Hz), diisiik frekansl akilli telefon GNSS gézlemleri i¢in ise Xiaomi
Mi8 (1 Hz) es zamanli olarak kullanilmigtir. GNSS verilerinin degerlendirilmesinde bagil yontem ve
Hassas Mutlak Nokta Konumlama (Precise Point Positioning, PPP) teknikleri kullanilmis, veri
degerlendirme ve analizler RTK-LIB yazilimu ile gerceklestirilmistir. Entegre edilecek IMU olg¢iileri
i¢in Xiaomi Mi8 telefonda bulunan ICM20690 ivmedlcer ve ak0991x manyetometre sensorleri ile 100
Hz 6rnekleme frekansinda kayit yapilmistir. Harmonik hareketler tek eksenli bir sarsma tablasinda ii¢
kez tekrarli olarak gergeklestirilmistir. Harmonik hareketler i¢in frekans ve genlikler 0.5 Hz i¢in 2 cm
ve 5 cm; 1 Hz i¢in 2 cm ve 5 cm; 2 Hz icin yalmizca 2 cm olarak belirlenmistir. Ik olarak GNSS
alicilarinin harmonik hareketleri algilayabilme yetenegini gézlemlemek amaciyla Trimble NETRO
GNSS gozlem coziimlerine Allan varyans: analizi yapilarak giiriiltii siirecleri belirlenmis, ardindan bu
giiriiltii stirecleri Kalman Siizgeci ile giderilerek elde edilen sonuclar Butterworth bant gegirgen siizgeg
ile karsilastirlmistir. Karsilastirma icin genlik ve frekans degerleri Hizli Fourier Doniisiimii ile elde
edilmistir. Karsilastirmada Trimble NETR9 gozlemlerindeki giiriiltiilerin giderilmesinde Kalman
Siizgeci’nin bant gecirgen silizgece alternatif olabilecegi sonucuna varilmistir. Xiaomi Mi8 GNSS
gozlemleri icin ise Butterworth yiiksek gecirgen siizgec kullanilmis ve sonuglar Kalman Siizgeci ile
karsilastirilmistir. Karsilastirmada Kalman siizgecinin ve yiiksek gecirgen siizgecin Xiaomi Mi8
gozlemlerindeki giiriiltilleri gidermede yetersiz oldugu sonucuna varilmistir. GNSS ve IMU
entegrasyonu oncesinde ivmeolcer ve manyetometre sensor ¢ercevesinden referans vektorler yardimiyla
Tekil Deger Ayristirmasi (Singular Value Decompostion, SVD) yontemi kullanilarak lokal cergeveye
doniisiim yapilmistir. Entegrasyonda kullamilan Kalman Siizgeci’nin dinamik giiriiltii stirecini
belirlemek amaciyla ivmedlger verilerine Allan Varyansi analizi yapilmistir. Hizli Fourier Déniisiimii
ile elde edilen genlik ve frekans degerleri referans degerler ile karsilastirilmis, bagil ¢coziim ve PPP
gozlemleriyle yapilan entegrasyonun performansi degerlendirilmistir. Degerlendirme sonucunda
Trimble NETR9 bagil ¢6ziim GNSS ve IMU entegrasyonunda genlik degerlerindeki hatalarin mm
diizeyinde, PPP GNSS ve IMU entegrasyonunda ise genlik degerlerindeki hatalarin mm — cm diizeyinde
oldugu goriilmiistiir. Xiaomi Mi8 bagil ¢oziim ve PPP GNSS entegrasyonunda ise genlik degerlerindeki
hatalarin dm — m diizeyinde oldugu goriilmiistiir.

Anahtar Kelimeler: GNSS, IMU, fvmeb'lger, Harmonik Hareket, Kalman Siizgeci, Allan Varyansi

Abstract

GNSS and accelerometer are sensors that are widely used in studies of structural health monitoring,
crustal monitoring, and detection of deformation, apart from different other sensors. High-frequency
geodetic grade GNSS receivers can capture larger displacements than seismometers can measure. On
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the other hand, compared to GNSS receivers, accelerometers have a higher sampling frequency. While
these features make GNSS receivers and accelerometers complementary sensors, they enable the
effective use of GNSS/IMU integration in detection of displacements. In this study, high cost and high
frequency geodetic grade permanent reference station quality GNSS receiver (Trimble NETRY)
observations and relatively low cost, low frequency and dual frequency GNSS chipset (Xiaomi Mi8)
observations were integrated with Inertial Measurement Units (IMU) found in smartphone to investigate
the ability of harmonic motion tracking. Trimble NETR9 (20 Hz) was used for high-frequency precise
GNSS measurements and Xiaomi Mi8 was used for low-frequency smartphone GNSS measurements
simultaneously. Relative positioning and Precise Point Positioning (PPP) methods were used to process
GNSS data and processing and analysis were performed using RTK-LIB. The IMU data for integration
was recorded with a 100 Hz sampling rate using the ICM20690 accelerometer and the ak0991x
magnetometer sensors at Xiaomi Mi8. The harmonic motions were simulated three times in a single axis
shake table. Frequencies and amplitudes for harmonic motion simulations were selected as 2 cm and 5
cm for 0.5 Hz, as 2 cm and 5 cm for 1 Hz, as 2 cm for 2 Hz. Firstly, in order to observe the ability of
tracking the harmonic motions with GNSS receivers, the noise processes in GNSS solutions were
identified using the Allan variance and then these processes were denoised with Kalman Filter and
results were compared with a Butterworth bandpass filter. Frequencies and amplitudes were obtained
from Fast Fourier Transform for comparison. It was concluded that Kalman Filter can be an alternative
to the bandpass filter for denoising Trimble NETRO solutions. A Butterworth highpass filter were used
for denoising Xiaomi Mi8 GNSS solutions and compared with Kalman Filter. Results showed that both
Kalman Filter and highpass filter are not sufficient for denoising Xiaomi Mi8 solutions. Before
GNSS/IMU integration, accelerometer and magnetometer sensor frame was transformed local frame
using Singular Value Decomposition (SVD) method. Dynamic noise processes in Kalman Filter used in
the integration were analysed with Allan variance method. Frequencies and amplitudes obtained from
Fast Fourier Transform were compared with reference data, performance of integration with relative and
PPP solutions were evaluated. Results showed that amplitude errors in Trimble NETRO relative solution
and IMU integration were at mm level, PPP GNSS and IMU integration errors were in the range of
mm — cm. Amplitude errors in Xiaomi Mi8 relative solution and PPP IMU integration were reached to
dm — m level.

Keywords: GNSS, IMU, Accelerometer, Harmonic Motion, Kalman Filter, Allan Variance
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Ozet

Yer kabugu hareketlerinin belirlenmesi, deformasyon dl¢meleri, heyelanlarin izlenmesi, mithendislik
Olcmeleri, yapr saglig izleme gibi yiiksek konum dogrulugu gerektiren calismalarda jeodezik GNSS
alicilar ile bagil konum belirlemeyle santimetre alt1 dogruluga ulagsmak miimkiin olmaktadir. Yiiksek
dogruluk, kullanilan alici ve anten tipleri ile iligkilidir. Bu amagcla kullanilan alic1 ve antenlerin toplam
maliyeti yaklasik olarak 5.000$ ile 20,000$ mertebesinde degismektedir. Cogu ¢aligmada tek bir GNSS
seti yeterli olmamakta, eszamanli gézlemler yapabilmek i¢in ¢ok sayida GNSS alicisina ve antene
ihtiya¢ duyulmaktadir. Dolayisiyla bu durum toplam maliyetleri arttirmaktadir.

Teknolojinin uydu konumlandirma sistemlerindeki gelisimi ile birlikte Onceleri navigasyon amaclh
kullanilmaya baslanan diigsitk maliyetli OEM GNSS alicilarimin (<300$) artik giiniimiizde ¢ogu
miithendislik projeleri icin kullanilabilir durumda oldugu literatiirde yapilan arastirmalardan
anlasilmaktadir.

Bu calismada, U-blox ZED PO9F GNSS alicisi tercih edilmistir. Alict ¢ok-frekansli yapiya sahip olup,
GPS, GLONASS, Galileo, BeiDou sistemlerine gdzlem yapabilmekte, bununla birlikte gercek zamanh
kinematik, kinematik ve statik yontemler ile veri toplayabilmektedir. Arazi testlerinde Yildiz Teknik
Universitesi Insaat Fakiiltesi iizerinde tesis edilmis, koordinatlar1 ve hizlar1 bilinen UZEL noktasindan
yararlanilmistir. U-blox ZED P9F GNSS alicis1 ile ASH701008-01B jeodezik anteni, OEM A10
jeodezik anteni ve ANN-MB-00 anteni kullanilarak GNSS gozlemleri yapilmistir. S6z konusu alic1 ve
3 farkli anten tipi ile uzun siireli yapilan gozlemler degerlendirilerek UZEL test noktasinin koordinatlari
bagil yontemle hesaplanmistir. Hesaplamalarda YLDZ noktasi referans olarak se¢ilmistir. Elde edilen
koordinat farklar1 analiz edilerek, ol¢iilerin kalite kontrol degerlendirmeleriyle farkli anten tiplerinin
konum dogruluguna etkisi belirlenmistir.

Anahtar Kelimeler: GNSS, OEM, Diisiik Maliyet, Dogruluk

Abstract

Using geodetic GNSS receivers, it is possible to reach sub-centimeter accuracy with relative positioning
in studies that require high position accuracy such as determination of earth crust movements,
deformation measurements, landslide monitoring, engineering surveying, and structural health
monitoring. High accuracy is associated with the receiver and antenna types used. The total cost of
receivers and antennas used for this purpose ranges from approximately $5,000 to $20,000. In most
studies, a single GNSS set is not enough, GNSS receivers and antennas are needed to do simultaneous
observations. Therefore, this situation increases the total costs.

With the development of technology in satellite positioning systems, it is understood from the studies
in the literature that low-cost OEM GNSS receivers (<$300), which were used for navigation purposes,
are now available for most engineering projects.

In this study, the U-blox ZED P9F GNSS receiver was chosen. The receiver has a multi-frequency
structure and can observe GPS, GLONASS, Galileo, BeiDou systems, as well as collect data with real-
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time kinematic, kinematic and static methods. In field tests, UZEL point, which was established on
Yildiz Technical University Faculty of Civil Engineering and whose coordinates and velocities are
known, was used. GNSS observations were done using U-blox ZED P9F GNSS receiver and
ASH701008-01B geodetic antenna, OEM A10 geodetic antenna and ANN-MB-00 antenna. The
coordinates of the UZEL test point were estimated by the relative positioning by processing the long-
term observations with the receiver and 3 different antenna types. YLDZ GNSS station were chosen as
reference in the processes. By analyzing the estimated coordinate differences, the effect of different
antenna types on the position accuracy was determined by quality control assesments of the
measurements.

Keywords: GNSS, OEM, Low Cost, Accuracy
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ITUBITAK MAM Kutup Arastirmalart Enstitiisii

“ozgun.oktar@tubitak.gov.tr

Ozet

Antarktika kitas1 diinyamizin en giiney bolgesinde, giiney kutbunu icine alan, Tiirkiye’nin 17 kati
biiyiikliigiinde, %2’lik kismi1 buzdan ari olan 14 milyon metrekarelik anakaraya sahip cografi bir alandur.
Tiirkiye’den Afrika kitas1 asilarak direkt mesafe ol¢iildiigiinde yaklasik 12000km mesafededir.

Denizciler tarafindan kesfedilen kitaya ulagim ve lojistikte deniz yolu ile saglanmaktadir. Herhangi bir
iilkeye ait olmayan kitada bulunan deniz, topraklar ve buzullar bilimsel ¢alismalara ayrilmistir. Tim
diinyadan 53 iilke 100 bilim istasyonu ile kita lizerinde ve ¢evresinde bulunan adalarda bilimsel
calismalar yapmaktadir.

[k Tiirk bilim insan1 Prof. Dr. Atok Karaali 1967 yilinda Antarktika’ya ayak basmustir. 50 yillik siirecte
bircok Tiirk bilim insam kitay: ziyaret etmis, bilimsel calismalarda bulunmustur. Son zamanlarda
Antarktika kitasina olan ilginin artmasi ve yapilan ¢alismalar sonucunda iilkemizin de kita iizerinde bir
iis kurma zorunlulugu olugmustur. Bu amagla, 2017 yilindan bugiine T.C. Cumhurbaskanligi
himayesinde, Sanayi ve Teknoloji Bakanlig1 uhdesine, ITU PolREC (2017-2019) ve TUBITAK MAM
KARE (Kutup Arastirmalan Enstitiisil) koordinasyonunda, Ulusal Antarktika Bilim Seferleri basar ile
gerceklestirilmektedir.

Seferler kapsaminda her yil TUBITAK MAM KARE ve ARDEB is birligi ile Kutup 1001 Proje ¢agrilart
acilmakta ve bilimsel degerlendirme siireci sonrasinda basarili bulunan projeler desteklenmeye hak
kazanmaktadir. Ayrica, ikili is birligi (Yabanci Usse Katilm) proje cagrilan ile diger iilkelerin
Antarktika seferlerine Tiirk Bilim Insanlar1 katilmaktadur.

Seferler kapsaminda desteklenen projeler yaninda Antarktika’da uzun donem izleme projeleri
yapilmaktadir. Anilan proje ve calismalarin bir ayagini da Jeodezik ¢alismalar olusturmaktadir. Bu
kapsamda, seferlerde jeodezik olarak;

* Detay 6l¢meleri yapilmis ve batimetrik veriler toplanmustir.

» Ulkemizin simirlart disindaki ilk GNSS istasyonlar1 (3 adet) kurulmustur.
* [HA ile Termal, Optik ve LiDAR verileri toplanmugtir.

» Ulkemize ait UA uydulari ile goriintii temini saglanmustur.

Boylece, Antarktika’da calisilan bolgede navigasyon ve deniz seyrine destek sunulmus, buzul
degisimleri takip edilmeye baslanmis, dogal hayatin izlenmesine destek verilmis ve fiziki bilimler i¢inde
(atmosferik parametrelerin takibi, deniz seviyesinin izlenmesi, Kar ve buz kalinlik degisimi) calismalar
yiiriitiilmiistiir. Ayrica, bu kapsamda Tiirk Bilim Insanlarinin ulusal ve uluslararasi yayinlari, tez ve
bildirileri goriiniir olmaya baslamistir.

Bu calismada, iilkemizin T.C. Cumhurbaskanli§i himayesinde, bir vizyon projesi olan Kutup
Calismalar1 6zetlenecek, Tiirk Bilim Insanlarimizin Antarktika’da basardig caligmalara deginilecek ve
yapilan/yapilacak olan Jeodezik projeler, diger bilim insanlarimiza ilham kaynagi olarak sunulacaktir.

Anahtar Kelimeler: Arktik, Antarktika, GPS, IHA, Deniz Buzu, Uzaktan Algilama

Abstract

The Antarctic continent is a geographical area in the southernmost region of our world, encompassing
the south pole, 17 times the size of Turkey, and a 14 million square meter mainland, 2% of which is ice-
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free. When the direct distance is measured from Turkey to the African continent, it is approximately
12000 km away.

Transportation and logistics to the continent discovered by sailors are provided by sea. The sea, land
and glaciers on the continent that does not belong to any country are devoted to scientific studies. 53
countries from all over the world carry out scientific studies with 100 science stations on the continent
and on the islands around it.

The first Turkish scientist Prof. Atok Karaali touched on Antarctica in 1967. During the 50-year period,
many Turkish scientists visited the continent and conducted scientific studies. Recently, as a result of
the increasing interest in the Antarctic continent and the studies carried out, our country has had to
establish a base on the continent. For this purpose, since 2017, under the auspices of the Presidency and,
the responsibility of the Ministry of Industry and Technology, the Turkish Antarctic Expeditions have
been successfully carried out with the coordination of ITU PolREC (2017-2019) and TUBITAK MAM
PRI (Polar Research Institute).

Within the scope of the expeditions, Kutup-1001 Project calls are opened every year in cooperation with
TUBITAK MAM PRI and ARDEB, and projects that are successful after the scientific evaluation are
entitled to be supported. In addition, Turkish scientists participate in the Antarctic expeditions of other
countries through bilateral cooperation (Foreign Base Participation) project calls.

In addition to the projects supported within the scope of the expeditions, long-term monitoring projects
are carried out in Antarctica. Geodetic studies constitute one of the aforementioned projects and studies.
In this context, geodetically during the expeditions;

* Terrestrial geodetic and bathymetric data were obtained.

* The first GNSS stations (3 units) out of the borders of our country were established.
* Thermal, Optical and LiDAR data were collected by UAV.

* Images were provided with the UA satellites of our country.

Thus, the precise geodetic data was provided to navigation in the region studied in Antarctica, glacial
changes were started to be monitored, support was given to the monitoring of natural life and studies
were carried out within the physical sciences (monitoring of atmospheric parameters, sea level and snow
& ice thickness changes). In addition, in this context, national and international publications of Turkish
Scientists have started to be visible.

In this study, our country's under the auspices of the Presidency, the Polar Studies, which is a vision
project, will be summarized, the works of our Turkish Scientists in Antarctica will be mentioned, and
the geodetic projects will be presented as a source of inspiration to our other scientists.

Keywords: Arctic, Antarctica, GNSS, UAV, Sea Ice, Remote Sensing
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4. Tiirkiye Antarktik Bilim Seferi Kapsaminda Yapilan Kiiresel Navigasyon Uydu
Sistemleri Tabanh Calismalar

Global Navigation Satellite Systems-Based Studies within the Scope of the 4th Turkish
Antarctic Expedition

Mahmut Oguz Selbesoglu'**, Hasan Hakan Yavasoglu?, Mustafa Fahri Karabulut®, Ozgiin Oktar?,
Burcu Ozsoy?, Himmet Karaman', Mustafa Ersel Kamasak', Vahap Engin Giilal*

’Ilstan}.ml Teknik Universitesi

2TUBITAK, Marmara Arastirma Merkezi, Kutup Arastirmalary Enstitiisii

*Yildiz Teknik Universitesi
“Atlas Universitesi

gselbesoglu@ itu.edu.tr

Ozet

Antarktika Kitasi, iklim degisikligini ve zaman icindeki evrimini izlemek i¢in ¢ok dnemli bir bolgedir.
Bolgede yapilan bilimsel ¢alismalarda uzay temelli jeodezik yontemler ve bircok gozlem teknigi yaygin
olarak kullanilmaktadir. Uzay temelli jeodezik yontemlere dayali olarak, jeodinamik ve tektonik
modelleme, buzul dinamigi calismalari, gravite calismalari, troposfer ve iyonosferin izlenmesi ve
deniz/buz seviyelerinde meydana gelen degisimlerin belirlenmesi konularinda ¢aligmalar yapilmaktadir.
Bu amaclarla son yillarda genis kullanim alan1 bulan GNSS Meteorolojisi ve GNSS Reflektometresi
teknikleri, kiiresel 1sitnmanin etkilerinin izlenmesinde énemli bir ara¢ haline gelmistir. Bu calismalar,
Antarktika’nin ge¢cmisi hakkinda 6nemli bilgiler saglamakta ve kiiresel iklim degisikliginin izlenmesine
katkida bulunmaktadir. Bu kapsamda, iilkemiz arastirmacilar1 tarafindan da son yillarda calismalar
yogun bir sekilde devam etmektedir. Bu amacla, 118Y322 No’lu TUBITAK projesi kapsaminda
Antarktika Horseshoe Adasi’na TUR1 ve TUR2 GNSS istasyonlari tesis edilmistir. istasyon verilerinin
GNSS Meteorolojisi ve GNSS Reflektometresi teknikleri ile analiz edilmesiyle, 24 Subat 2020
tarihinden itibaren Antarktika’da atmosferik su buhar1 degisimleri, kar derinligi ve buz kalinlig
degisimleri gozlemlenmektedir. Bu calismada, Antarktika’da atmosferik su buhar1 degisimleri, kar
derinligi ve buz kalinlig1 degisimlerinin izlenmesi amaciyla tasarlanan GNSS istasyonlarinin sistem
bilesenleri ve ilk gozlemleri aktarilmistir.

Anahtar Kelimeler: Antarktika, GNSS, Troposfer, Su Buhar, Kiiresel Iklim Degisikligi

Abstract

The Antarctic Continent is a very important region for monitoring climate change and its evolution over
time. Space-based geodetic methods and many observation techniques are widely used in scientific
studies in the region. Based on space-based geodetic methods, studies are carried out on geodynamic
and tectonic modelling, glacial dynamics studies, gravity studies, monitoring of the troposphere and
ionosphere, and determination of changes in sea/ice levels. For these purposes, GNSS Meteorology and
GNSS Reflectometry techniques, which have been widely used in recent years, have become an
important tool in monitoring the effects of global warming. These studies provide important information
about Antarctica's past and contribute to the monitoring of global climate change. In this context, studies
have been continuing intensively by the researchers of our country in recent years. For this purpose,
TUR1 and TUR2 GNSS stations have been installed on the Antarctic Horseshoe Island within the scope
of the TUBITAK project numbered 118Y322. By analyzing the stations data with GNSS Meteorology
and GNSS Reflectometry techniques, atmospheric water vapor changes, snow depth and ice thickness
changes have been observed in Antarctica since February 24, 2020. In this study, system components
and first observations of GNSS stations designed to monitor atmospheric water vapor changes, snow
depth and ice thickness changes in Antarctica are presented.

Keywords: Antarctica, GNSS, Troposphere, Water Vapor, Global Climate Change
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GNSS-IR Yonteminin Uzun Dénem Kar Kalinhg Belirleme Performansiin incelenmesi
Investigation of Long-term Snow Depth Retrieval Performance of GNSS-IR Method

Cemali Altuntas'*, Nursu Tunalioglu!, Bahattin Erdogan'
"Yildiz Teknik Universitesi, Davutpasa Kampiisii, Insaat Fakiiltesi, Harita Miihendisligi Béliimii, Esenler, Istanbul.

Heemali@ vildiz.edu.tr

Ozet

Kiiresel 1sinmaya bagli olarak gergeklesen iklim degisimi ve etkilerine yonelik ¢alismalar tiim diinyada
giincel ve oncelikli hale gelmistir. Mevsimsel dongiiye gore kar kalinlig1 degisimlerinin izlenmesi, karin
birikiminin tespit edilmesi ve yiizeyde kalma siiresi ile erime hizinin belirlenmesi de temel iklim
modelleme ¢aligmalari icin dnemlidir. Bununla birlikte, kar hidrolojisi bakimindan suya doniisebilir kar
kalinliginin tespiti ve siirekli izlenmesi; basta su dongiisii olmak iizere iklim, su bilimi, kuraklik, taskin
ve su baskini tahmini ¢alismalarinda onceliklidir. GNSS—Interferometrik Reflektometri (GNSS-IR)
yontemi, GNSS hata kaynaklarindan biri olan sinyal ¢ok yolluluk etkisini dikkate alan, aliciya dogrudan
gelen ve bir ylizeyden yansiyarak gelen sinyallerin girisimiyle meydana gelen oriintiiyli modelleyerek
yansima yiizeyi hakkinda bilgi elde edilmesini miimkiin kilan bir uzaktan algilama yontemidir. Yontem,
temel olarak ¢ok yolluluk sinyal salimim Oriintiisiiniin, faz, genlik ve reflektor yiiksekligi parametreleri
ile modellenmesine dayanmaktadir. Bu calismada, kar kalinliginin tespiti ve siirekli izlenmesi icin
geleneksel yontemleri destekleyici ve ayn1 zamanda da alternatif bir yontem olan GNSS-IR yontemiyle
sabit GNSS istasyonlarina ait siirekli gézlem verileri kullanilarak mevsimsel kar kalinlig1 degisimlerinin
izlenmesi ve dogruluk analizinin gerceklestirilmesi amac¢lanmaktadir. Calisma kapsaminda, ABD’nin
Alaska eyaletindeki global diizeyde hizmet veren The University NAVSTAR Consortium (UNAVCO)
tarafindan isletilen EarthScope Plate Boundary Observatory aginda yer alan AB33 ve AB39 sabit GNSS
referans istasyonlarinin 5 yillik (2015-2019) L1 ve L2 frekanslarina ait sinyal giiriiltii oran1 (signal-to-
noise ratio, SNR) verileri, farkli degerlendirme stratejileri kullanilarak analiz edilmistir. Dogrulama
verisi olarak istasyonlarin bulundugu bolgelerde bulunan SNOTEL agina bagli istasyonlarin giinliik kar
kalinlig: dlciileri kullanilmigtir. Analizlerde, baskin frekans: belirlemede Lomb Scargle Periodogrami
(LSP) kullanilirken kestirilebilir maksimum reflektor yiiksekligi 5 m, istenen hassasiyet 0.001 m olarak
belirlenmis, uydu yiikseklik acis1 aralig1 ise 5°-25° olarak segilmistir. Istasyonlar i¢in analiz stratejileri,
farkli azimut araliklar1 dikkate alinarak dort farkli sekilde olusturulmustur. Her bir analiz stratejisi ile
elde edilen kestirim sonuglarina, kaba hatali sonuglarin elimine edilmesi i¢in Robust Uyusumsuz Olgii
Belirleme (Robust Outlier Detection, ROD) islemi uygulanmistir. Buna gore, AB33 istasyonunda S1
verisi i¢in 5 yillik korelasyon degeri ROD kullanilmadiginda %61.94 olarak elde edilirken, ROD
kullanildiginda %66.19 bulunmustur. AB39 istasyonunda ise bu degerler sirasiyla %91.58 ve %94.93
olarak bulunmustur. Tiim sonuglar incelendiginde, S1 verisinin, uygun azimut aralig1 se¢ildiginde ve
ROD islemi uygulandiginda, mevsimsel kar kalinlig1 degisiminin kestiriminde daha iyi sonuclar verdigi
goriilmektedir.

Anahtar Kelg'_meler: GNSS-IR, Lomb Scargle Periodogrami (LSP), Sinyal Giiriiltii Orant (SNR), Robust
Uyusumsuz Ol¢ii Belirleme (ROD)

Abstract

Studies on climate change due to global warming and its impacts have become current and a priority all
over the World. Monitoring the changes in snow depth, determining the snow accumulation, residence
time, and melting rate are also crucial for climate modeling studies. However, in terms of snow
hydrology, the detection and continuous monitoring of the watery snow depth has priority in
climatology, water science, drought, and flood forecasting, and especially in the water cycle studies.
The GNSS-Interferometric Reflectometry (GNSS-IR) method is a remote sensing method in which the
multipath effect, which is one of the GNSS error sources, is considered, and in which it is possible to
obtain information about the reflection surface by modeling the pattern formed by the interference of
signals coming directly to the receiver and reflected from a surface. The method is basically based on
modeling the multipath signal oscillation pattern with phase, amplitude, and reflector height parameters.
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In this study, it is aimed to monitor seasonal snow depth changes and perform accuracy analysis by
using the observation data of continuously operating GNSS stations with the GNSS-IR method, which
is an alternative method for the detection and continuous monitoring of snow depth. Within the scope
of this study, 5-year (2015-2019), L1 and L2 frequency signal-to-noise ratio (SNR) data of AB33 and
AB39 GNSS stations in the EarthScope Plate Boundary Observatory network operated by The
University NAVSTAR Consortium (UNAVCO), which provides data globally, in the US state of Alaska
were analyzed using different evaluation strategies. Daily snow depth measurements of the stations of
the SNOTEL network located in the regions where the GNSS stations are located were used as validation
data. In the analysis, the Lomb Scargle Periodogram (LSP) was used to estimate the dominant frequency,
with choosing maximum reflector height as 5 m, desired precision as 0.001 m, and satellite elevation
range as 5°-25°. Analysis strategies for the stations were designed in four different ways, considering
different azimuth ranges. Robust Outlier Detection (ROD) process was applied to the estimation results
obtained with each analysis strategy to eliminate outliers. According to the results, the 5-year correlation
value for S1 data of AB33 was 61.94% without ROD, while it was 66.19% with ROD. For the AB39
station, these values were found as 91.58% and 94.93%, respectively. Based on the results, it is seen
that the S1 data gives better results in determining the seasonal snow depth variation when the
appropriate azimuth range is selected and the ROD is applied.

Keywords: GNSS-IR, Lomb Scargle Periodogram (LSP), Signal to Noise Ratio (SNR), Robust Outlier
Detection (ROD)
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THA Fotogrametri Yontemi ile Yiizey Deformasyonlarinin izlenmesi
Monitoring of Surface Deformations with UAV Photogrammetry Method

Kemal Ozgiir Hastaoglu'-*, Burak Can Kara?, Yavuz Giil®, Fatih Poyraz'

ISivas Cumhuriyet Universitesi Miihendislik Fakiiltesi Harita Miihendisligi Boliimii, Kampiis, Sivas, 58140.
2Amasya Universitesi Merzifon Meslek Yiiksekokulu Insaat Boliimii, Merzifon Yakacik Yerleskesi.
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gkhastaoglu @cumhuriyet.edu.tr

Ozet

Son yillarda insansiz Hava Araglarindaki (IHA) teknolojik gelismelere bagh olarak gerek donanim
gerekse yazilim acisindan IHA Fotogrametri yonteminde de 6nemli gelismeler yasanmustir. Bu
gelismeler 1s13inda {HA Fotogrametri yontemi kullanilarak yiiksek dogrulukta konum bilgisi
iiretilebilmektedir. {HA Fotogrametri yonteminden iiretilen konum bilgisinin dogrulugu kullanilan
donanima, ucus planina ve ucus zamanina bagli olarak degismektedir. Dogru bir planlama ve donanim
kullanilarak cm diizeyinde konum dogruluguna sahip Ortofotolar ve Sayisal Yiikseklik modelleri (SYM)
iretile bilinmektedir. Heyelanlar gibi kiitlesel deformasyonlarin meydan geldigi alanlarin klasik
jeodezik yersel yontemlerle izlenmesinde sadece noktasal sonuglar elde edilmektedir. Klasik jeodezik
yersel yontemler ile alansal sonuclarin elde edilmesi ise emek, maliyet ve zaman agisindan oldukca
kiilfetlidir. Buna karsin alansal deformasyonlarin IHA fotogrametri yontemi ile izlenmesi oldukga hizli
ve daha az maliyetlidir. Bu yiizden bu calisma kapsaminda IHA Fotogrametri yontemi ile
deformasyonlarin izlenmesine yonelik bir yontem gelistirilmeye ¢alisilnustir. Calisma kapsaminda IHA
Fotogrametri yontemi ile elde edilen Ortofotolar ve SYM’ ler kullanilarak ylizey deformasyonlarinin
izlenmesine yonelik gelistirilen yontem sunulmaktadir. Gelistirilen bu yontemde yiiksek ¢oziiniirliik ve
dogruluga sahip periyodik Ortofotolar ve SYM’ ler kullanilarak 6zel tasarlanmis hedef levhalarina ait
yillik deformasyon miktarlari Kalman filtre teknigi kullanilarak belirlenmistir. Ozel tasarim plakalara
ait iic boyutlu periyodik konum bilgileri Ortofotolar SYM’ler kullanilarak elde edilmistir. Daha sonra
Kalman Filtre Teknigi kullanilarak noktalara ait ii¢ boyutlu hiz degerleri elde edilmistir. Sonug olarak
Ortofoto ve SYM’ lerin konum dogruluguna bagl olarak IHA Fotogrametri yontemi yiizey
deformasyonlarinin izlenmesinde basar ile kullanilmigtir.

Anahtar Kelimeler: [HA Fotogrametri, Kalman Filtre, Deformasyon

Abstract

In recent years, there have been significant developments in the UAV Photogrammetry method in terms
of both hardware and software, depending on the technological developments in Unmanned Aerial
Vehicles (UAV). In the light of these developments, high accuracy position information can be produced
by using the UAV Photogrammetry method. The accuracy of the location information produced by the
UAYV Photogrammetry method varies depending on the equipment used, flight plan and flight time.
Orthophotos and Digital Elevation models (DEM) with cm-level position accuracy can be produced by
using the right planning and hardware. In the monitoring of areas where massive deformations such as
landslides occur, with classical geodetic terrestrial methods, only point results are obtained. Obtaining
spatial results with classical geodetic terrestrial methods is quite burdensome in terms of labor, cost and
time. On the other hand, monitoring of spatial deformations by UAV photogrammetry method is very
fast and less costly. Therefore, within the scope of this study, a method has been tried to be developed
for monitoring deformations with the UAV Photogrammetry method. Within the scope of the study, the
method developed for monitoring the surface deformations by using Orthophotos and DEMs obtained
by the UAV Photogrammetry method is presented. In this developed method, annual deformation
amounts of specially designed target plates were determined by Kalman filter technique by using
periodic orthophotos and DEMs with high resolution and accuracy. Three-dimensional periodic position
information of specially designed plates was obtained by using Orthophotos DEMs. Then, three-
dimensional velocity values of the points were obtained using the Kalman Filter Technique. As a result,
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the UAV Photogrammetry method has been used successfully in monitoring the surface deformations,
depending on the location accuracy of the Orthophoto and DEMs.

Keywords: UAV Photogrammetry, Kalman Filter, Deformation
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Satellite Gravimetry-based Monitoring System for Water Resources Management and
Natural Hazards Monitoring
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SDepartment of Geomatics, Istanbul Technical University, Turkey
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Abstract

The advent of dedicated Earth gravity satellite missions during the Decade of the Geopotential, in to
2000, revolutionized measurements of gravity signals and mass transports within the Earth system with
pioneering satellite gravimetry missions initiated during the Decade of Geopotential Missions in 2000:
CHAMP, GRACE, and GOCE missions. Temporal satellite gravimetry missions, Gravity Recovery And
Climate Experiment (GRACE), 2002-2017, and GRACE-Followon (GRACE-FO) twin-satellite
missions, 2018—, are innovative sensors cable of observing global mass transport signals within the Earth
system at monthly sampling and spatial scale longer than 333 km (half wavelength). The onset of climate
change and its ensuing effects exacerbate adverse impacts on global environmental and ecological
regimes, and natural or anthropogenic hazards such as abrupt climate/weather episodes, surface and
groundwater depletion, storms, cyclones, large floods, and prolonged droughts. Timely monitoring of
climate or hazardous weather variables governing these complex processes at an adequately downscaled
spatio-temporal resolutions provide a means for applications to potentially improve water resources
management and hazards response. Here we postulate the plausible spatio-temporal downscaling of
GRACE/GRACE-FO data inverted Earth’s mass change would enable accurate monitoring of the
aforementioned natural hazards and surface/groundwater sensing for improved water resources
management and disaster response, and present preliminary results for case studies on monitoring of
groundwater, snow-storm, and floods.

Keywords: Satellite Gravimetry, GRACE/GRACE-FO, Natural Hazards, Water Resources
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GNSS-IR Teknigi le Meteorolojik Parametreler ve Gelgit Bilesenleri Arasindaki
Iliskinin Arastirilmasi

Investigation of the Relationship between Meteorological Parameters and Tidal
Constituents with GNSS-IR Technique

Cansu Besel"™’, Emine Tanir Kayik¢1'
'Karadeniz Teknik Universitesi, Miihendislik Fakiiltesi, Harita Miihendisligi Boliimii, Trabzon, Tiirkiye.

Hcansubesel @ ktu.edu.tr

Ozet

Artan deniz seviyesinin 6zellikle kiy1 alanlarinda ¢evresel, ekonomik ve sosyal agidan 6nemli bir etkiye
sahip oldugu bilinmektedir. Bu nedenle, deniz seviyesinde zaman igerisinde meydana gelen degisimin
etkili ve dogru bir sekilde gézlemlenmesi ve degisime neden olan faktorlerin belirlenmesi énemlidir.
Kiiresel Navigasyon Uydu Sistemleri Interferometrik Reflektometri (GNSS-IR), yansiyan sinyalleri
kullanarak deniz seviyesinin belirlenmesine olanak saglamaktadir. Bu nedenle, geleneksel mareograf
Olctimlerine alternatif bir teknik olarak diisiiniilmektedir. Bu calismada; meteorolojik parametrelerin
deniz ylizeyinden yansiyan GNSS sinyalleri iizerindeki etkisi ve GNSS-IR tekniginin gelgit
bilesenlerinin belirlenmesine katkisi aragtirtlmistir. Calisma kapsaminda, Tiirkiye Ulusal Deniz Seviyesi
Izleme Servisi'ne (TUDES) bagh mareograf istasyonu ile ortak yerleskeli TRBZ sabit GNSS
istasyonuna ait Sinyal Giiriiltii Oran1 (Signal-to-Noise Ratio-SNR) verileri kullanilmistir. Meteorolojik
parametrelerin yansiyan sinyaller iizerindeki etkisini incelemek icin ise TUDES iizerinden saglanan
TRBZ istasyonuna ait hava basinci verisi ve ERAS veri setinden saglanan sicaklik ve riizgar hiz1 verileri
kullanilmustir. Sicaklik, hava basinci ve riizgar hizi meteorolojik parametreleri ile SNR genlikleri ve
trendden arindirilmis SNR genlikleri karsilastirilmistir. Bunun igin; SNR genlikleri, trendden
arindirilmis SNR genlikleri ve meteorolojik parametreler icin sirasiyla trend analizleri yapilmistir.
Sonug olarak, sicaklik ve riizgar hiz1 parametreleri ile SNR ve trendden arindirtlmis SNR genliklerinin
ayni yonde egilime sahip oldugu goriilmiistiir. Ayrica, yapilan ¢calisma kapsaminda gelgit degisimlerini
incelemek ve GNSS-IR tekniginin gelgit bilesenlerinin belirlenmesine katkisini arastirmak i¢in SNR
verileri kullanilarak GNSS-IR teknigi ile deniz seviyesi gbzlemleri hesaplanmistir. Ardindan, GNSS-IR
tabanli deniz seviyesi gozlemleri ve mareograf kayitlart i¢in yari-giinliik (M2, S2) ve giinliik (K1, O1,
P1) gelgitlerin genlikleri hesaplanmistir. Elde edilen genlikler karsilastirildiginda, maksimum ve
minimum fark sirasiyla 4.16 cm ve 0.09 cm olarak bulunmustur. Son olarak, mareograf kayitlarindan
ve GNSS-IR tabanli deniz seviyesi gozlemlerinden hesaplanan gelgit bilesenleri FES2014b, TPX09-
Atlas ve EOT20 kiiresel okyanus modelleri ile karsilastinnlmistir. Calisma sonucunda, yapilacak
iyilestirmelerle beraber GNSS-IR tekniginin de gelgit bilesenlerinin belirlenmesinde bir potansiyel
olabilecegi 6ngoriilmiistiir.

Anahtar Kelimeler: Deniz Seviyesi, GNSS Interferometrik Reflektometri, Meteorolojik Parametreler,
Gelgit Bilesenleri

Abstract

Rising sea levels have significant impacts such as environmental, social, and economic along with
coastal areas. For this reason, it is important to accurately monitoring the sea level change and
identifying the factors that cause change. Global Navigation Satellite System Interferometric
Reflectometry (GNSS-IR) enables to retrieve sea level heights using the reflected signal. Moreover,
GNSS-IR is considered a promising alternative to conventional tide gauges. This study investigates both
the effect of meteorological parameters on GNSS reflected signals from the sea surface and the
contribution of the GNSS-IR technique to the determination of tidal constituents. Within the scope of
the study, we used Signal-to-Noise Ratio (SNR) data from the TRBZ co-located GNSS station operated
by the Turkish National Sea Level Monitoring System (TUDES). Air pressure from TUDES and
temperature and wind speed data obtained by the ERAS dataset have been used to assess the effect of
meteorological parameters on reflected signals. Temperature, air pressure, and wind speed
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meteorological parameters compared with the SNR amplitude and detrended SNR amplitude. Therefore;
trend analysis were performed for SNR amplitudes, detrended SNR amplitudes, and meteorological
parameters, respectively. Consequently, the temperature and wind speed parameters have the same trend
with SNR and detrended SNR amplitudes. Moreover, sea level observations were calculated using
GNSS-IR SNR data to examine the tidal variability and to investigate the contribution of the GNSS-IR
technique to the determination of tidal constituents. Then, semi-diurnal (M2, S2) and diurnal (K1, O1,
P1) amplitudes of tidal constituents were computed from GNSS-IR-based sea level observations and
tide gauge records. The comparison of amplitudes demonstrated that the maximum and minimum
differences were 4.16 cm and 0.09 cm, respectively. Finally, estimating the tidal constituents from tide
gauge records and GNSS-IR-based sea level observations compared with global ocean models such as
FES2014b, TPXO9-Atlas, and EOT20. As a result of the study, it was predicted that the improving
GNSS-IR technique may also have the potential in estimating the tidal constituents.

Keywords: Sea Level, GNSS Interferometric Reflectometry, Meteorological Parameter, Tidal
Constituents
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Global Deniz Suyu ve Tiirkiye’deki Biiyiik G6l Suyu Kiitlelerinin Cekim Etkileri
Gravitational Effect of Global Seawater and Major Lake Water Masses in Turkey

Mehmet Simav'>, Hasan Yildiz!

Harita Genel Miidiirliigii, Tip Fakiiltesi Caddesi, 06590, Cebeci/ANKARA

S mehmet.simav@harita. gov.tr

Ozet

Yer gravite alan1 fonksiyonellerinin gridleme amag¢li yumusatilmas: ve yiizey altindaki bilinmeyen
yogunluk anomalilerinin ters ¢6ziim ile ortaya ¢ikarilmasi i¢in, Yer sistemi icerisindeki ¢cekim etkisi
bilinen olusumlarin gravite alani Olgiilerinden c¢ikarilmasi gerekmektedir. Uygulamada, zaman
degiskenli aletsel etkiler ile yine zaman-konum degiskenli kat1 Yer ve okyanus gelgitleri, atmosferik
kiitle hareketleri, kutup gezinmesi, yer alt1 suyu ve toprak nemi degisimleri gibi diger etkiler gravite
alam olgiilerinden ¢ikarilarak gercek statik gravite alani sinyali belirlenmektedir. Ardindan referans Yer
elipsoidinin normal gravite alani sinyali, gercek statik alan sinyalinden cikarilarak bozucu gravite alani
sinyali elde edilebilmektedir. Bozucu gravite alani igerisinde ise uygulanan ilave diizeltmelere bagh
olarak cesitli gravite alani anomalileri tanimlanmaktadir. Bozucu alan igerisinde, deniz yiizeyi
iizerindeki topografik kiitlelerin ¢ekim etkisinden arindirilarak hesaplanan sinyal, Bouguer gravite
anomalisi olarak tanimlanir ve jeodezik/jeofizik uygulamalarda siklikla kullanilir. Ancak Bouguer
anomalileri; atmosfer, deniz suyu, gol suyu, kara ve deniz buzullarinin yogunluk kontrasti kaynakli
etkilerinin dikkate alinmadigi istenmeyen sinyalleri de icerir. Bu etkilerinin giderilmesi islemine
gravimetrik styirma (stripping) ad1 verilmekte ve gravite sinyalinin ayristirilmasinda evrisim, filtreleme
vb. sayisal yontemlerden daha iyi ve dogru sonuglar iiretmektedir. Bu ¢alismada; SRTM15+ global
okyanus batimetri verileri ile Van, Beysehir, Egirdir, Burdur ve Salda Gollerine ait gol batimetri verileri
kullanmilarak deniz suyu ve gol suyu kiitlelerinin gravimetrik siyirma etkileri belirlenmistir. Calisma
bolgesi Tiirkiye ve ¢evresini kapsayacak sekilde 25°D—-45°D ve 35°K—43°K arasinda kalan bolge olup,
hesaplamalar 1' x 1' yay-dakikasi ¢oziiniirliigiinde ve yeryliziinde gergeklestirilmistir. Deniz suyu
batimetrik diizeltmeleri ¢evre denizlerde derinlige bagli olarak 132 mGal ile 418 mGal arasinda
degismektedir. Anakarada uzun dalga boylu bir yap:1 sergilemekte olup, ortalama 133 mGal
diizeyindedir. Kiyilarda ve adalarda ise global deniz suyu yogunluk kontrasti kaynakli etkiler 163
mGal’e kadar ulagabilmektedir. G6l suyu Kkiitlelerinin gravimetrik siyirma etkisi yine gol derinligine
bagli olarak Van Golii iizerinde 32 mGal’e, Egirdir ve Burdur Golleri iizerinde 18 mGal’e, Salda Golii
tizerinde ise 6.5 mGal’e kadar erismektedir. Ancak, g6l kiyilarindan karaya dogru 1 km tampon bolge
disinda gol suyu gravimetrik styirma etkileri ihmal edilebilir diizeydedir.

Anahtar Kelimeler: Yer Gravite Alani, Deniz ve Gol Suyu Kiitleleri, Gravimetrik Stytrma Etkisi

Abstract

The gravitational effects of the a priori known features within the Earth’s system should be determined
and removed from the gravity field measurements to smooth the Earth’s gravity field functionals for
gridding, and to reveal the remaining signals of the unknown anomalous subsurface density distributions
by inversion. In practice, time-variable instrumental and spatially and temporally varying gravitational
effects due to the solid Earth and ocean tides, atmospheric mass movements, polar motion, groundwater,
and soil moisture variations are removed from gravity field observations to obtain the actual static
gravity field. Then the actual static field can be transformed into the anomalous field by introducing a
reference normal gravity field generated by a suitable ellipsoid of revolution which captures the general
features of the actual field. There are several types of gravity field anomalies defined in the anomalous
gravity field based on the additional corrections applied for the extraneous sources. The complete
Bouguer anomaly, which takes into account the correction for the gravitational attraction of the
topographic masses above the sea level, is the most useful one in exploration geophysics and geodesy.
However, the Bouguer anomaly may still contain unwanted density contrast effects of the other major
known elements, such as atmosphere, offshore seawater, inland water bodies, glaciers, and ice sheets.
The removal of density contrast effects from the Bouguer gravity anomalies is denoted as gravity
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stripping, and this procedure is known to be more accurate than any other mathematical methods (e.g.,
convolution, filtering) for the separation of the gravity field signals. In this study, we determine the
bathymetric stripping gravity corrections of global seawater using SRTM15+ global ocean bathymetry
data and lake water stripping corrections of Van, Beysehir, Egirdir, Burdur, and Salda Lakes. The
computations are performed on a regular 1' x 1' arc-min grid at the Earth’s surface over the territory of
Turkey including offshore bounded by 25°E-45°E and 35°N-43°N. The seawater bathymetric
correction varies from 132 to 418 mGal over the marine areas depending on the ocean bathymetry. It
shows a long-wavelength pattern over the inland with a mean value of 133 mGal, and produces
significant variations onshore close to the coasts and on some islands up to 163 mGal. The bathymetric
gravity stripping due to the lake water density contrast produces notable effects on the lake surfaces
reaching up to 32 mGal at Lake Van, 18 mGal at Egirdir and Burdur Lakes, and 6.5 mGal at Lake Salda.
However, the effects are negligible outside a 1 km width buffer zone around the lakes.

Keywords: Earth’s Gravity Field, Seawater and Lake Water Masses, Gravity Stripping Effects.
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Space Gravimetry Applications and Needs for Drought Monitoring, Water Resource
Assessment and Regional Climate Monitoring

Jiirgen Kusche'!**
"University of Bonn, Germany
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Abstract

GRACE and GRACE-FO have been instrumental in terrestrial water cycle monitoring, including
quantification and monitoring of droughts and the assessment of water resources, as well as the
hydrological contribution to sea level rise. Further, space gravimetric data has been successfully used
for validating global and regional climate models. However, the biggest obstacle for a more widespread
application is the still coarse resolution of these data, which is far from the resolution of processes
relevant to the terrestrial water cycle, e.g., precipitation or soil moisture, from the horizontal resolutions
of numerical modelling of the Earth system, as well as too coarse as required e.g. for operational drought
monitoring and mitigation. Data assimilation, either for direct integration of space gravimetric data in
numerical models and water cycle service applications, or for generating downscaled data products, has
been suggested to overcome this problem. Data assimilation can further contribute to the disaggregation
of total water storage variability measured via space gravimetry into various components. In the
presentation, I will showcase results of GRACE data analysis, including assimilation for drought
monitoring, water resource assessment, sea level contribution, and providing a downscaled 12km land
water storage reference data set over Europe consistent with the meteorological COSMO-REA6
reanalysis. I will conclude with discussing needs for future data products from a user perspective.

Keywords: GRACE, Hydrology, Data Assimilation, Downscaling, Temporal Gravity, Climate Change
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Kronometrik Nivelman Yontemi ile Espotansiyel Yiizeylerin Belirlenmesi
Determination of Equipotential Surfaces by Chronometric Leveling Method
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Ozet

Espotansiyel ylizeylerin belirlenmesine iliskin geleneksel yontemler gravite ve yiikseklik dlcmelerine
dayanmaktadir. Bu yaklasimlar yola bagimli olarak biriken hatalar barindirirken, yiizey bilgisinin farkli
veri kombinasyonlari ile dolayli olarak elde edilmesi de hata birikimini artirmaktadir. Konvansiyonel
yontemlerin énemli sorunlar1 arasinda arazi kosullart nedeniyle 6lgmelerin artmasina bagli olarak artan
isglicii ve hata miktar1 yer almaktadir. Farkli yiikseklik sistemlerinin birlestirilmesi ise yiikseklik
belirleme calismalarinin bir diger giincel sorunudur. Ulusal yiikseklik sistemleri arasindaki datum
farkliliklar1 desimetreler mertebesine ulagabilmektedir. Bu baglamda yiiksek dogruluga sahip bir kiiresel
yiikseklik referans sisteminin belirlenmesi onemli bir ihtiyagtir. Jeodezi’nin giincel konulari arasinda
yer alan bu problemler i¢in farkli ¢6ziim yontemleri 6nerilmektedir. Giiniimiizde giincel caligsmalarin
yogunlastig1 yontemlerden birisi de kronometrik nivelman yontemidir.

Kronometrik nivelman yontemi Einstein’in Genel Gorelilik Teorisi’nin bir sonucu olarak 1986 yilinda
Bjerhammar tarafindan Onerilmistir. Teoriye gore uzay-zaman geometrisi kiitle tarafindan
belirlenmektedir. Ayn1 kiitlegekimsel potansiyele sahip yiizeyler, ayn1 uygun zamani (proper time)
Olcerler. Boylece yliksek hassasiyette zaman olgmeleri, espotansiyel ylizeyler arasindaki potansiyel
farkin belirlenmesini miimkiin hale getirir.

Gorelilik etkilerinin gdzlemlenmesini miimkiin kilacak araglarin gelisimi son yillarda artmaktadir. Optik
spektrumda yiiksek frekans gozlemleri yapmayr miimkiin kilan gelismeler neticesinde optik atom
saatleri, yiikksek dogruluklu ve kararli olacak sekilde gelistirilmektedir. Optik atomik saatleri
kullanilarak optik fiber iletim teknolojisi aracilifiyla 107'® mertebesinde frekans karsilagtirma
prezisyonunun elde edilmesi yapilan bir¢ok ¢alisma ile goriilmiistiir. Gliniimiizde frekans farki belirleme
prezisyonu Av/v = 1078 olan bir optik atomik saat ile, yercekimi ivmesi g=10 m/s? ve c= 300 000 000
m/s olmak {iizere; yaklasik 1 santimetrelik yiikseklik degisimlerini belirlemek miimkiin hale gelmistir.
Geleneksel yontemlere iliskin zorluklarin asilmasina doniik motivasyon ile birlikte bu gelismeler
kronometrik nivelman yéntemini yeniden, uygulamali olarak giindeme getirmistir.

Bu kapsamda Kiiresel Birlesik Yiikseklik Sistemi ve cm geodi belirleme problemleri konusunda
kronometrik nivelman, ¢oziim iiretebilecek yontemlerden birisi olarak IAG’nin giindemine aldig1 bir
konu olmustur. Ayrica frekans transfer teknikleri ve atom saati aglar iizerine calismalar yiiriitilmeye
devam etmektedir. Optik fiber frekans karsilastirma aglarmmin yani sira, tasinabilir atom saati
uygulamalar1 ve GNSS frekans transfer teknikleri iizerine ¢aligmalar da siirdiiriilmektedir.

Bu caligma kapsaminda kronometrik nivelman yontemi hakkinda literatiir verisi ile birlikte Avrupa
Kitas1 o6lcegindekiler yogunluklu olmak iizere yapilan caligmalar incelenmis ve yoOntemin ulusal
yiikseklik sistemine saglayabilecegi olas1 katkilar ele alinmustir.

Anahtar Kelimeler: Relativistik Jeodezi, Kronometrik Nivelman, Geoit Belirleme, Espotansiyel Yiizey,
Atomik Saat

Abstract

Traditional methods for determining equipotential surfaces are based on gravity and height
measurements. While these approaches contain errors that accumulate depending on the path, obtaining
surface information indirectly with different data combinations also increases the error accumulation.
Among the important problems of conventional methods are the increased workforces and error amount
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due to the increase in measurements as a result of field conditions. Unification of different height
systems is another current problem of height determination studies. The datum differences between
national height systems can reach the order of decimetres. In this context, it is an important requirement
to determine a high-accuracy global height reference system. Different solution methods are suggested
for these problems, which are among the current topics of geodesy. One of the methods that current
studies concentrate on is the chronometric leveling method.

The chronometric leveling method was proposed by Bjerhammar in 1986 as a result of Einstein's
General Theory of Relativity. According to the theory, the geometry of space-time is determined by
mass. Surfaces with the same gravitational potential measure the same proper time. Thus, high-precision
time measurements make it possible to determine the potential difference between equipotential
surfaces.

The development of tools that make it possible to observe the effects of relativity has been increasing in
recent years. As a result of the developments enabling make high frequency observations in the optical
spectrum, optical atomic clocks are developed to be highly accurate and stable. Obtaining frequency
comparison precision of the order of 10'® by means of optical fiber transmission technology using
optical atomic clocks has been seen in many studies. Today, with an optical atomic clock with frequency
difference determination Av/v = 107'%, gravitational acceleration g=10 m/s*> and c= 300 000 000 m/s; It
has become possible to detect height changes of about 1 centimeter. Together with the motivation to
overcome the difficulties related to traditional methods, these developments revive practically the
chronometric leveling method again.

In this context, chronometric leveling method for the Unification of Unified Global Height Reference
System and cm geoid determination problems has been a topic that IAG has taken to its agenda as one
of the methods that can solve these. In addition, studies on frequency transfer techniques and atomic
clock networks continue to be carried out. In addition to optical fiber frequency comparison networks,
studies on portable atomic clock applications and GNSS frequency transfer techniques also carry on.

Within the scope of this study, the literature data about the chronometric leveling method, as well as the
studies on the European Continent scale, were examined and the possible contributions of the method
to the Turkey National Height System were discussed.

Keywords: Relativistic Geodesy, Chronometric Leveling, Geoid Determination, Equipotential Surface,
Atomic Clock
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Tiirkiye Petrolleri Anonim Ortakhiginda Deniz Gravite Verilerinin Toplanilmasi, Veri
Islemi ve Kalite Kontrolii

Acquisition, Data Processing and Quality Control of Raw Marine Gravity Data in Turkish
Petroleum

Kadir Banis Bakioglu'™, Hasan Salih Kiiliink-?

'Tiirkiye Petrolleri Anonim Ortakhigi, S6giitizii Mah. 2180. Cadde No:10 Cankaya/ANKARA 06100
*Tiirkiye Petrolleri Anonim Ortakligi, Sogiitézii Mah. 2180. Cadde No:10 Cankaya/ANKARA 06100

ghbakioglu@tpao. gov.tr

Ozet

Tiirkiye Petrolleri Anonim Ortaklig1 biinyesinde faaliyetlerini siirdiiren Gravite, Manyetik & Uzaktan
Algima Miidiirligii, 1950’1i yillardan beri topladig1 Kara Gravite Verilerinin yaninda 2014 yilinda M/V
Barbaros Hayreddin Pasa sismik arastirma gemisine Deniz Gravimetresi alimi yapilmistir. Alinan bu
envanter ile TPAO onciiliigiinde Tiirkiye’de ilk defa milli bir kurum tarafindan Deniz Gravite verisi
toplanmasi saglanmistir.

Mevcut yapida bulunan deniz verilerinin artmasi ve son yillarda TPAO’nun denizlerde yaptigi
hidrokarbon aramalarinin hizlanmasina binaen ham deniz gravite verilerinin islenmesi ihtiyaci hasil
olmustur. Tiirkiye’de bu konunun yeni sayilabilecek bir konumda olmasi ve elde edilen verilerin 6zel
firmalara proses ettirilmesinden dogan yiiksek meblaglardaki masraflar g6z oniine alindiginda, proses
kabiliyetinin artirilmasi, verilerin kalite kontrolii ve farkl filtre islemlerinin aragtirilmasi yapilmistir.

Aragtirmalar, teorik incelemeler sonrasi Deniz Verilerine benzerlik gosteren Hava Gravite Manyetik
Verilerinin 2018 yilinda toplattirilmasiyla hiz kazanmistir. Bu konuda diinyada yapilan is akis
standartlar1 incelenerek aragtirmalar nihayete erdirilmis ve envanterde bulunan gravimetre; veri formati,
veri toplama teknigi ve ¢oziim odakli uygun filtre dizaynlar1 olusturularak veri islem caligmalar
baslatilmistir. 2020 Yilindan beri 10’a yakin proje ve 100.000 km’den fazla Ham Deniz Gravite verisi
basariyla iglenip Free Air ve Bouguer Anomalisine doniistiiriilmiistiir.

Basariyla Veri Islemden gecen Gravite Verileri, GRACE vb. Uydu Gravite verilerinden ¢oziiniirlitk
olarak cok daha iyi oldugu gozlenmis; jeoloji, jeofizik ve jeodezi alanlarinda kullanilmaya hazir hale
getirilmistir.

Yapilan calismalarda elde edilen sonuglar, Jeofizik anlamda Sinyal/Giiriiltii orani artirma ana bagligi
altinda olusturulmustur. Toplanilan ve proses edilen gravite verilerinin tercih edilen yazilimlara
aktarilmasi, batimetri verisi ile entegre edilmesi, drift olgusunun irdelenmesi ve giderilmesi, bagil
verilerin uygun sekilde baza baglanmasi, uygun filtre dizaynlarinin kullanilmasi, derin deniz / s1§ denize
0zgii giiriiltii eleminasyonlari ve hareket eden platformlarda toplanilan verilerin islenmesinde 6nemli bir
yere sahip olan dengeleme prosesediirleri alt bagliklart altinda detayl bir sekilde ilk defa incelenecektir.

Yapilan bu ¢alismalar TPAO’nun katkilari ile Tiirkiye’de ilk defa yerli ve milli kaynaklar, disaridan
hizmet alinmadan Tiirk Personel ile gerceklestirilmistir. Kamu kurumlarinin deniz veya havada
toplayacagi ham verilerin islenmesinin yerli kaynaklarla yapilmasi, hatta gerektiginde disariya hizmet
verebilmesi i¢in emsal ve Oncii bir ¢calisma niteligi de tasimaktadir.

Anahtar Kelimeler: Gravite, Veri Prosesi, Deniz Gravite Verileri

Abstract

In 2014, The Department of Gravity, Magnetics and Remote Sensing in Turkish Petroleum (TPAO)
purchased a marine gravimeter for the Seismic Research Vessel Barbaros Hayreddin Pasa as well as the
Department have been acquiring Ground Gravity Data since the 1950s. Purchasing its own equipment,
it is the first time in Turkey that a National Company leads Raw Marine Gravity Data Acquisition with
its own asset.
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Increasing acquired Raw Data in TPAO’s archives and offshore projects for hydrocarbon exploration,
Raw Marine Gravity Data Processing became necessary. Considering the concept of potential data
processing is a new field in Turkey and the high costs of having these data processed by third parties,
TPAO had begun researching potential field data processing, quality control, and filter design.

The research came to a conclusion in 2018, after the Airborne Gravity and Magnetic Survey of TPAO,
which is similar to the Marine Surveys. The finding of this study leads to a worldwide standard workflow
compatible with the data format of the gravimeter, data acquisition technique, and suitable filter design.
More than 100.000 km of Raw Marine Gravity Data from several projects are successfully processed
and converted to Free Air and Bouguer Anomaly since 2020.

The processed Free Air Anomaly data has considerably better resolution than GRACE and similar
Satellite Free Air Data and the products are set to evaluate for Petroleum Geology and Exploration
Geophysics.

In this presentation, the topic will be covered under the Geophysical Signal Analysis and basic concept
of “Increasing Signal to Noise Ratio”. However, the details will be discussed as the sub-steps of the
Standard Workflow: Data Import into the preferred software, integration of Gravity Data with
Bathymetry, the concept of drift and how to eliminate, how to tie relative gravity readings into reference
gravity stations, selecting the proper filter design based on shallow/ deep offshore surveys and the
leveling procedure, which is the most important step for the moving platform gravity data processing.

This study is conducted by the serious contribution and investment of TPAO and it is the first time the
Marine Gravity Data Acquisition and Processing performed by the Turkish Personnel with the national
asset. The study is a pioneering example of raw airborne and marine data processing with national assets
and it could lead the national agencies to serve as profiteering third parties all over the world.

Keywords: Gravity, Potential Field Data Processing, Marine Gravity Data.
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En Kiiciik Karelerle Kolokasyonla Serbest Hava Diisey Gravite Gradyenti Modelleme
Free-Air Vertical Gravity Gradient Modelling with Least-Squares Collocation
Yunus Ayta¢ Akdogan'™, Gonca Okay Ahi?, Hasan Yildiz®

! Harita Genel Miidiirliigii, Jeodezi Dairesi Baskanligi, 06590 Ankara
2 Hacettepe Universitesi, Miihendislik Fakiiltesi, Geomatik Miihendisligi Boliimii, 06800 Ankara
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Ozet

Serbest hava diisey gravite gradyenti (DGG) hem jeodezik hem de jeofizik uygulamalar i¢in oldukga
onemlidir. DGG ol¢iimiiniin zor olmasi, uzun zaman almasi ve yeterli sayida bulunmamasindan dolayz,
calismalarda genellikle teorik DGG degeri olan 3086 Eotvos kullanilmaktadir. Teorik DGG’nin
ozellikle daglik alanlarda kullanilmasi gravimetrik indirgeme ve jeoit modeli hesaplama gibi
uygulamalarda hatay1 artirmakta ve hesaplamalarin sonucuna olumsuz etki etmektedir. Yakin zamanda
“Tiirkiye Yiikseklik Sisteminin Modernizasyonu ve Gravite Altyapisinin lyilestirilmesi Projesi (2015-
2020)” kapsaminda, Tiirkiye’nin batisinda homojen bir dagilimla gerceklestirilen DGG o6lciilerinde,
DGG degerlerinin 2306 ile 4283 Ettvos arasinda degistigi gozlemlenmistir. Bu, teorik ve dl¢iilen serbest
hava DGG arasindaki farklarin -25% ile +39% mertebelerinde farkli oldugu anlamina gelmektedir.
Dolayisiyla, teorik DGG degerleri yerine 6l¢iilen veya modellenen DGG'nin dikkate alinmasi gerekliligi
arastirilmasi gereken onemli bir konu olarak one ¢ikmistir. Bu ¢alismada serbest hava DGG, yiiksek
hassasiyetli uydu tabanh kiiresel jeopotansiyel model, nokta bazli yersel gravite dl¢limleri ve yliksek
coziiniirlikli sayisal yiikseklik modeli kullanilarak 3 boyutlu En Kiigiik Karelerle Kolokasyon ve
Kaldir-Hesapla-Yerine Koy metoduyla modellenmistir. Modellenen serbest hava DGG, 159 noktadaki
mevcut Ol¢iimler kullanilarak dogrulanmis ve 6l¢ii-model arasindaki fark oldukca iyi bir sonug olan 190
Eotvos cikmustir. Ayrica, modellenen DGG'nin topografik yiiksekliklere gore degisimi de arastirilmuistir.
1000 m'den daha yiiksek olan yerlerde teorik degerden olan sapma artmis ve anlamli hale gelmistir.
Modellenen serbest hava DGG sadece jeodezideki gravite indirgemeleri ve jeoit modeli hesabi igin degil
ayn1 zamanda jeofizik arastirmalar icin de kullanmilabilir, ¢linkii serbest hava DGG’nin Yeryuvarinin iist
katmanlarindaki yogunluk degisimine de duyarli oldugu bilinmektedir. Sonug¢ olarak 6zellikle daglik
alanlarda teorik DGG yerine 6l¢iilen veya modellenen DGG kullanilmasi dnerilmektedir.

Anahtar Kelimeler: Serbest Hava Diisey Gravite Gradyenti, Kaldir-Hesapla-Yerine Koy Metodu, En
Kiiciik Karelerle Kolokasyon

Abstract

Free-air vertical gravity gradient (VGG) is quite important for both geodetic and geophysical
applications. The theoretical VGG value of 3086 Eotvos is generally used, since VGG, not being
sufficiently available, is difficult to measure and takes a long time. The use of theoretical VGG,
especially in mountainous areas, increases the error in applications such as gravimetric reduction and
geoid model computations and negatively affects the results of these computations. Within the scope of
the “Turkish Height System Modernization and Gravity Recovery Project (2015-2020)” recently, it has
been observed that the VGG values vary between 2306 and 4283 Eotvos in the VGG measurements
carried out with a homogeneous distribution in the west of Turkey. This means that the differences
between the theoretical and measured free-air VGG range from -25% to +39%. Therefore, the necessity
of considering the measured or modelled VGG instead of the theoretical VGG values becomes important
that needs to be investigated. In this study, the free-air VGG is modelled by the 3D Least-Squares
Collocation and Remove-Compute-Restore method using a high-precision satellite-based global
geopotential model, point-based terrestrial gravity measurements and a high-resolution digital elevation
model. The modelled free-air VGG is validated against available measurements at 159 points, and the
difference between the measured and model is 190 Eotvos, which is a very satisfactory result. In
addition, the variation of the modelled VGG with respect to the topographic heights was also
investigated. In areas higher than 1000 m, the deviation from the theoretical value increases and becomes
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significant. The modelled free-air VGG can be used not only for gravity reductions in geodesy and geoid
model computations but also for geophysical research since free-air VGG is known to be sensitive to
density variations in the upper layers of the Earth. As a result, it is recommended that measured or
modelled VGG is used instead of theoretical VGG, especially in mountainous areas.

Keywords: Free-Air Vertical Gravity Gradient, Remove-Compute-Restore Method, Least-Squares
Collocation
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tc-cylinder.v1.0: Yiiksek Coziiniirliik ve Dogrulukta Vektor Tabanh Topografik
Diuizeltme Hesabi

te-cylinder.v1.0: Vector Based Terrain Correction Calculation in High Resolution and
Accuracy

Sevda Olgun'*, Aydin Ustiin?

'Kocaeli Universitesi, Harita Miihendisligi, Kocaeli
ZHacettepe Universitesi, Geomatik Miihendisligi, Ankara

gSevda.olgun@kocaeli. edu.tr

Ozet

Gravite alani belirleme ¢aligmalarinda yiiksek dogruluklu (< 1 mGal) gravite bilgisine gereksinim
giderek artmaktadir. Yeryiizii seviyesindeki gravite verisine iligskin topografik diizeltmeler teorik olarak
biiyiikliigii 100 mGal’i asan hatalarla yiiklii olabilir. Kullanilan Sayisal Yiikseklik Model (SYM)
coziiniirligi, yiikseklik bilgisi dogrulugu, kitlelerin yanal yogunluk bilgisi ve hesap yontemlerindeki
sorunlar istenen dogrulugun Oniindeki baslica engellerdir. Son doénemde SRTMI1" gibi yiiksek
coziiniirlikli SYM’ler ve global/bolgesel yogunluk modelleri, dogrulukta anlamli iyilesmeler
kazandirmis olsa da topografik diizeltme hesabinda yontem ve verimliligi esas alan algoritma ihtiyaci
gecerliligini korumaktadir.

‘tc-cylinder’ kullanici opsiyonlu olarak istenilen ¢oziiniirliikte yiikseklik ve yogunluk girdi verileriyle,
yiizeyde veya yericinde diizeltme degerlerinin hizli ve yiiksek dogruluklu elde edilmesini saglar. Hesap
noktasinin ¢evresindeki grid diiglimlerinin 6zelliklerini temsil eden silindir parcalarinin her biri ortalama
yiikseklik, yogunluk ve konum bilgilerini tasimaktadir. Ayrica, Newton integrali yiiksek dogruluklu
gravite etkisinin belirlenebilmesi i¢in daha kiigiik silindir parcalarina ihtiyag duyar. Yiikseklik
modelinin ¢dziiniirliigiiniin yetersiz kalmasi durumunda integrasyon ile bog kompartmanlar tamamlanir
ve dogrulugun anlamli oOlciide diismesi Onlenir. Ayrica, hesap noktasindan uzaklasildik¢a yliksek
¢Oziiniirlikli verinin islenmesi, zaman ve depolama problemine doniisebilir. C programlama dili
isaretcileri kullanilarak daha kisa algoritma, daha az depolama alanmi1 ve daha hizli isleyen bir yapi
tasarlamak amag¢lanmistir. Bu amagla isaret¢i yapisina uyan platformdan bagimsiz NetCDF formati girdi
verisi tercih edilmistir. Ayrica, Intel mimarisinin ve derleyicisinin otomatik vektorlestirmede ve
duraksiz depolamada (streaming stores) sagladigi kolayliklar ile program optimize edilmistir.
Vektorlestirme, programa paralellik kazandirilmakta, bodylece bir komut veya islem coklu veri
parcalarina uygulanabilmektedir. Islemler bagimsiz cekirdeklerde ¢alisirken, bellege yazma isi bitene
kadar veriler 6nbellekte yeniden kullanmak iizere saklanmaktadir. Diger yandan s6z konusu verilerin
tekrar kullanimi gerekmiyorsa onbellegi atlayarak dogrudan RAM’e gondermek (duraksiz depolama)
hesap islemini daha verimli kilmaktadir. Duraksiz depolama yontemi Intel derleyicisi (icc) ile tiim hesap
dongiiler icin uygulanmis ve 6nbellekten tasarruf edilmistir. Onbellek depolama teknigi yerine duraksiz
depolama ile islem hizi 2.5 kat iyilestirilmistir. Sonu¢ olarak, ‘tc-cylinder’ topografik diizeltme
degerlerinin yiiksek ¢oziiniirliik ve dogrulukta hizli ve verimli hesaplanabilmesini saglamaktadir.

Anahtar Kelimeler: Topografik Diizeltme, Yiiksek Coziiniirliiklii SYM, Isaretleyici, Vektorlestirme,
Duraksiz Depolama

Abstract

In gravity field determination investigations, the requirement for high-accuracy (< 1 mGal) gravity
information is increasing. Theoretically, terrain corrections of ground level gravity data can have errors
of more than 100 mGal. The primary difficulties to achieving the required accuracy are the resolution
of the Digital Elevation Model (DEM), the accuracy of the height information, the lateral density
information of the masses, and problems with the calculation methods. Although high-resolution DEMs
such as SRTM1" and global/regional density models have recently improved accuracy, the necessity for
algorithms based on method and efficiency in terrain correction computations continues.
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The 'tc-cylinder' allows the user to compute terrain corrections effectively and accurately on the surface
or in the ground, optionally with the specified resolution, height, and density input data. Each of the
cylinder segments representing the attributes of grid nodes around the calculation point has average
height, density, and location data. Also, the Newton integral requires smaller cylinder segments to
measure the gravity effect with high accuracy. If the resolution of DEM is insufficient, the empty
compartments are filled with integration to prevent reducing accuracy dramatically. Furthermore,
moving away from the calculation point can create a time and storage issue when processing high
resolution data. It is intended to design a shorter algorithm, less storage space, and a faster functioning
structure by using pointers in the C programming language. Input data in the platform independent
NetCDF format that conforms to the pointer structure is ideal for this purpose. In addition, the program
is optimized with automatic vectorization and streaming stores owing to the Intel architecture and
compiler's convenience. Vectorization adds parallelism to the program, allowing one instruction or
operation to be applied to numerous pieces of data at the same time. While processes execute on separate
cores, data is stored in cache for reuse until the write-to-memory job is completed. If the data in question
does not need to be reused, skipping the cache, and delivering it directly to RAM (streaming stores)
speeds up the calculating process. In this study, the streaming stores strategy was used in conjunction
with the Intel compiler (icc) for all loops to save caches. Using streaming stores instead of cache storage
increased processing speed by 2.5 times. As a result, 'tc-cylinder' effectively calculates terrain
corrections with high resolution and accuracy.

Keywords: Terrain Correction, High-resolution DEMs, Pointers, Vectorization, Streaming Stores
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ICRF3 - Geodetic Aspects
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Abstract

As documented by Resolution B2 of International Astronomical Union 2018, the international celestial
reference frame 3 (ICRF3) is the current realization of the international celestial reference system: ICRS.
ICRF3 establishes stationary axial directions in space at a precision level of about 10 micro arc seconds.
Among all global reference frames, ICRF3 provides the spatial orientation with highest accuracy. The
ITRF2014 realization of ITRS, in contrast, establishes reference directions w.r.t. the Earth surface that
are approximately two orders of magnitude less precise. The causes of which are attributable to the
variety of geodynamical processes that deform the Earth crust continuously. The objects used as
reference points in ICRF3 are extragalactic, compact AGN (active galactic nuclei) at distances between
about 100-10° and 10- 10° lightyears to our Solar System.

ICRF3 is the third release of ICRS realizations based on very long baseline interferometry (VLBI)
observations only. Its main advantage over its predecessor (ICRF2) is that for some hundreds of radio
sources, positions are available at several wavelengths. Still, the majority of observations has been
obtained at S- and X-band by the IVS (International VLBI Service for Geodesy and Astrometry), but
additionally X- and Ka-band (NASA, ESA) and K-band catalogues (VLBA and a baseline between
South Africa and Australia) are part of ICRF3 as well. Each wavelengths solution is independent and
provides interesting opportunities for comparisons and empirical quality assessments. One of the
upcoming tasks will be to establish an ICRS realization for VGOS, the new generation of VLBI ground
stations, which again observes at different wavelengths.

Since 2012, the ESA mission Gaia is revolutionizing optical astrometry allowing for a multitude of
detailed scientific studies and for improved technical applications. Recently, Gaia has been accepted as
the realization of ICRS in optical wavelengths (IAU Resolution B3 2021). Relying on AGN, the ICRF3-
SX solution establishes the current datum of Gaia positions. AGN, however, are very faint at optical
wavelengths. In order to realize the datum for the bright part of the Gaia dataset properly, D-VLBI
observations of radio stars are a promising observing technique.

The presentation will cover general aspects of ICRS and a review of its various realizations. The main
part will be a conceptual, qualitative and quantitative description of the ICRF3 including its objects and
object categories “defining” and “others” and the associated selection criteria. The presentation will
address the role of the celestial frames for astrometry and geodesy. Remaining deficits and new issues
coming up through the evolution of equipment from classical S/X-VLBI to modern VGOS will be
mentioned as well.

Keywords: Celestial Reference Frames and Systems, VLBI, VGOS
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Abstract

In preparation for the ITRF2020, a number of combination software developments and updates were
undertaken in order to enhance and improve the modelling of nonlinear station motions. While the
adjustment of post-seismic deformation (PSD) parametric models for stations subject to major
earthquakes will be rigorously determined on a station-by-station basis, significant periodic signals
embedded in the station coordinates time series will be jointly determined during the ITRF2020
combination process. In addition to the classical annual and semi-annual frequencies, satellite draconitic
periods will also be adjusted and their impact on the ITRF2020 results will be assessed. The ITRF2020
is expected to be provided in the form of an augmented reference frame so that in addition to station
positions and velocities, parametric models for both PSD and seasonal signals (expressed in the CM
frame of satellite laser ranging) will also be delivered to the users. After some introductory remarks, the
presentation recalls the main features of data analysis and shows major preliminary results, focusing on
the frame origin and scale parameters, horizontal and vertical velocity fields, the level of technique
consistencies of nonlinear station motions (PSD functions and seasonal signals) at colocation sites, as
well as some performance indicators of the ITRF2020.

Keywords: ITRF, ITRF2020, Nonlinear Station Motions
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Abstract

Earth Orientation is the difference of celestial and terrestrial orientations of geocentric reference
systems. The corresponding set of parameters are the Earth Orientation Parameters (EOP). The EOP are
offsets to the celestial pole coordinates computed with the conventional IAU2000A model: dX, dY,
celestial pole offsets (CPO), the terrestrial pole coordinates X, yp,, and the phase offset between celestial
and terrestrial intermediate origins on the CIP (celestial intermediate pole) equator: ERA (Earth Rotation
Angle). Besides these five parameters, there are other parameters in use, such as length of day (LOD),
most of which are time derivatives of the before mentioned five. The EOP are typically disseminated at
integer midnight epochs with diurnal resolution. Interpolation at other daytimes can be done applying
conventional models of sub-daily Earth rotation variation. Official datasets date back to the early 80ies,
since the advent of the space geodetic techniques. Other EOP datasets involve optical astrometric
observations and therefore start already in the 19" century.

The EOP have practical relevance for connecting the terrestrial and celestial reference frames. Doing
so, they enable the data analysis of space geodetic techniques and allow for ground-based astronomy.
They are applied for the attitude control of satellites and the planning and controlling of space missions
and the associated orbits. The rotational speed of Earth also serves as a time scale called mean solar time
(UT1~ERA), which is required to keep the civil time that is based on the atomic time compatible SI
second attached to the local apparent position of Sun.

From the scientific point of view, the EOP contribute to the basic research of solid Earth. As drilling is
not (yet) possible below about 20 km, the rotational motion of Earth provides valuable insides about its
interior. Other rotational variations are due to angular momentum exchange between solid, liquid and
gaseous envelopes of Earth. As the rotational state observed with ground-based space geodetic
techniques displays the geometric situation for solid Earth only, comparisons with the centrifugal
potential as a part of Earth time-variable gravity field can only be done, if the contributions due to the
fluid envelopes are adequately modelled and subtracted. On the long-term, the speed of Earth rotation
decreases due to tidal friction, which in turn leads to a growing lunar semi-major axis due to the
exchange of angular momentum with the lunar orbit. Earth rotation is one of the oldest disciplines of
astronomy. However, it is still a topic of modern scientific interest. Currently, the international
community concentrates on the consistency of the EOP with the corresponding reference systems and
on aspects of predictability of the dataset.

The presentation will cover general aspects of Earth rotation and a review of the current official EOP
products. The main part will be a conceptual, qualitative and quantitative description of the parameters
including their definition and observation by space geodetic techniques. Other sensors for Earth rotation
determination are not mentioned. The focus of the presentation will be on the role of the EOP for
geodesy.

Keywords: Earth Orientation Parameters (EOP), Celestial Reference Frames and Systems, Terrestrial
Reference Frames and Systems
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Giincel TUREF Hiz Alan1 Modelinin Uzun Donemli GNSS Verilerinin Yeniden
Degerlendirilmesiyle Olusturulmasi

Semi-Kinematic Reference Frame Realization in Turkey and Determination of an
Improved Velocity Field Model
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Ozet

Ulke capinda yiiksek duyarlikli ve kiiresel bir referans koordinat sistemi gereksinimini karsilamak icin
Tiirkiye Ulusal Temel GNSS Ag1 (TUTGA) 1997-1999 yillar1 arasindaki dlgmelerle, homojen olarak
dagilmis 594 noktada kurulmustur. TUTGA’nin hesaplandigi donemdeki giincel Uluslararasi Yersel
Referans Sistemi (ITRS) nin ¢6ztimii olan ITRF96, Tiirkiye i¢in referans koordinat sistemi olarak kabul
edilmis ve 2005.0 epogu referans epogu secilerek iilkemizin ITRF tabanli modern jeodezik datumu
Tiirkiye Ulusal Referans Koordinat Sistemi (TUREF) tanimlanmustir.

Biiyiik Olgekli Harita ve Harita Bilgileri Uretim Yonetmeligi kapsaminda referans noktasi iireten
kullanicilarin 6lgme epogunda iirettikleri jeodezik nokta koordinatlarini referans epoguna (2005.0)
kaydirmak icin noktalarin hiz bilgisini de iiretmeleri gerekmektedir. S6z konusu Yonetmelige gore
kullanicilar, giincel TUTGA/TUSAGA-Aktif nokta hizlarindan idare tarafindan belirlenen
enterpolasyon yontemini kullanarak hiz bilgisi hesaplamaktadir. Yonetmelikte tektonik durum ile ilgili
herhangi bir husus yer almadig i¢in hangi noktalarin enterpolasyonda kullanilacagina yonelik sorunlar
olusabilmektedir. Diger bir deyisle, fay hatlarina ya da genel bolgesel karakteristige uygun olarak
secilmeyen enterpolasyon noktalari, yeni nokta hizlarinin belirlenmesinde hataya sebep olabilmektedir.
Bu ¢aligmada, kullanicilara nokta koordinatimi girdiginde hiz bilgisine ulasabilecegi standart bir hiz alam
sunabilmek amaclanmustir.

Bu amag kapsaminda, 6ncelikle yeniden veri degerlendirme ¢alismalari ile tarihsel tiim GNSS verileri,
homojen bir veri degerlendirme stratejisi, glincellenen uydu yoriingeleri ve yer donme parametreleri
kullanilarak degerlendirilmis ve giincel zaman serileri ve nokta hizlar1 elde edilmistir. GNSS
noktalarinin zaman serilerinin analizi ve capraz dogrulama teknikleri ile uyusumsuz olan nokta hizlari
ayiklandiktan sonra ortalama 37 km nokta aralifinda ve 836 noktadan hiz alani, giincel ITRF2014
referans sisteminde elde edilmistir. S6z konusu hizlar ITRF doniisiim parametreleri kullanilarak iilke
ulusal datumu olan TUREF hizlarina doniistiiriilmiistiir. TUREF datumunda elde edilen tiim nokta
hizlari, kiimeleme analizi ile 5 bolgeye ayrilmistir. Bolgelere ayrilan hizlardan, kendi icinde 0.1 derece
ornekleme araliginda grid dosyalart olusturulmustur. Harita Genel Miidiirliigii web sitesinde test amagh
olarak yayimlanmasi maksadiyla, kullanicilarin konumlarini girdiklerinde hizlarini hesaplayabilecekleri
bir web uygulamasi gelistirilmistir.

Anahtar Kelimeler: Hiz Alani, GNSS, Deformasyon, TUTGA, TUSAGA

Abstract

In order to meet the need for a three dimensional modern reference coordinate system nationwide,
Turkish National Fundamental GPS Network (TNFGN) was established between 1997-1999 with 594
homogenously distributed sites. International Terrestrial Reference Frame-96 (ITRF96) which was the
realization of International Terrestrial Reference System (ITRS) at the time TNFGN calculated, was
adopted as the Turkish reference coordinate frame at epoch 2005.0 and Turkish Reference Frame
(TUREF) was named as an ITRF based national modern geodetic datum.

Surveyors who establish reference control points within the context of Large Scale Mapping and
Geospatial Data Production Directive of Turkey should also produce velocity for each point in order to
have the coordinates at epoch 2005.0. According to the mentioned Directive, users estimate the velocity
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information from the TNFGN/TNPGN sites by using an interpolation method determined by the
Administration. As there are no guidelines in the Directive explaining the tectonic situation in Turkey,
users may encounter problems selecting the interpolation sites. In other words, interpolation sites which
are not selected according to the fault zones or general tectonic characteristic of the region, may cause
blunders while calculating the velocities of the new sites. In this study, it is aimed to present a standard
velocity field that users can access velocity information when they enter the point coordinates.

Within this concept, by processing all historical GNSS data using a homogeneous data analysis strategy,
updated satellite orbits and Earth Orientation Parameters, more consistent time series and velocities are
achieved. After removing outlier velocities by inspecting time series and applying cross validation
analysis, we obtained the current ITRF2014 velocity field consisting of 836 sites with an interstation
distance of 37 km averaged. Those velocities are transformed to TUREF velocities using ITRF
transformation parameters. TUREF velocities are divided into 5 regions by cluster analysis. 0.1 degrees
sampled grid files are obtained separately from 5 regions. A web application is developed for the users
at the web site of General Directorate of Mapping.

Keywords: Velocity Field, GNSS, Deformation, TNFGN, TNPGN
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Towards a Global Unified Height System

Laura Sanchez!'™

'Deutsches Geodiitisches Forschungsinstitut, Technische Universitit Miinchen (DGFI-TUM), Munich, Germany

“m.sanchez@tum.de

Abstract

The International Height Reference System (IHRS) was introduced by the International Association of
Geodesy (IAG) in 2015 to provide a global standard for the precise determination of physical heights.
The IHRS is based on the combination of a geometric component given by coordinates X referring to
the International Terrestrial Reference Frame (ITRF), and a physical component given by the
determination of potential values Wp at the positions P defined by the ITRF coordinates. The primary
vertical coordinate is the geopotential number (-AWp = Cp = Wy - Wp), which may easily be converted
to a metric physical height (orthometric, normal or dynamic height). The IHRS vertical datum is realised
by the equipotential surface of the Earth's gravity field defined by the conventional value
Wo =62 636 853.4 m*s%. The realisation of the THRS is the International Height Reference Frame
(IHRF). The IHRF realises the IHRS in two ways: physically, by a set of globally distributed reference
stations, and mathematically, by the precise determination of potential values at the reference stations.
Thanks to a strong international cooperation hosted by the IAG, a first proposal for the IHRF reference
network is completed. Present efforts concentrate on the determination of the potential values at the
global IHRF reference stations. After evaluating different computation approaches, a standard procedure
to determine potential values based on existing regional and global gravity field models was compiled
and applied to release a first preliminary IHRF solution. This contribution summarises advances and
present challenges in the establishment of the IHRS/IHRF.

Keywords: Global Unified Height System, International Height Reference System and Frame, Global
Vertical Datum, World Height System
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Tiirkiye Diisey Koordinat Referans Cercevesi
Vertical Coordinate Reference Frame of Turkey

Mehmet Simav'-~, Ali Thsan Kurt!, Ayhan Cingoz', Ilyas Akpmar', Yunus Aytag Akdogan'

Harita Genel Miidiirliigii, Tip Fakiiltesi Caddesi, 06590, Cebeci/ANKARA
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Ozet

ISO 19111:2019 Cografi Bilgi — Koordinatlarla Referanslandirma dokiimanina gore, uzaydaki bir objeyi
benzersiz bir sekilde referanslandirmaya yarayan sabitler, parametreler ve matematiksel kurallar biitiinii
olarak tanimlanan Koordinat Referans Sistemi (KRS)’ nin, datum ve koordinat sistemi olmak {izere iki
bileseni vardir. Datum, koordinat sisteminin baglangicini, 6l¢egini ve oryantasyonunu tanimlayan
parametre veya parametreler seti olup, KRS nin Yer ile iliskilendirilmesini saglar. Koordinat sistemi
ise, s0z konusu objeye koordinatlarin nasil atanacagin belirten matematiksel kurallardir. Dolayisiyla
KRS kisaca, datum vasitastyla Diinya ile iligkilendirilmis koordinat sistemi anlamina gelmektedir. Bu
tanimdan hareketle, diisey datum ve yiikseklik/derinlik bileseni iceren bir koordinat sisteminden olusan
sisteme diisey KRS adi verilmektedir. KRS’ nin yeryliziindeki fiziksel noktalar ile gergeklesimi
Koordinat Referans Cercevesi (KRC) olarak adlandirilir. Halihazirda diinya genelinde bircok iilke lokal
veya bolgesel diisey KRC kullanmaktadir. Son yillarda Uluslararasi Jeodezi Birligi biinyesinde global
birlesik ylikseklik sistemi ve uluslararasi yiikseklik referans sistemi/gercevesi konusunda ¢alismalar
devam etmektedir. Bu bildiride; Tiirkiye diisey KRC’si, Avrupa diisey KRC’si ve global birlesik
yiikseklik sistemi ile iliskisi, bugiine kadar hesaplanan Tiirkiye jeoit modelleri, ulusal yiikseklik sistemi
modernizasyonu projesi ve modernizasyon sonrast devam eden ¢aligsmalar hakkinda bilgi verilmektedir.

Anahtar Kelimeler: Diisey Koordinat Referans Cercevesi, Nivelman Agi, Tiirkiye Jeoit Modelleri,
Yiikseklik Sistemi Modernizasyonu.

Abstract

In accordance with ISO 19111:2019 Geographic information - Referencing by coordinates document, a
Coordinate Reference System (CRS), which defines the constants, parameters and mathematical rules
needed for uniquely referencing a given object in space, contains two different elements: the datum and
the coordinate system. The datum means a parameter or set of parameters that define the position of the
origin, the scale, and the orientation of a coordinate system, and it relates the CRS to the Earth. The
coordinate system means a set of mathematical rules for specifying how the coordinates are to be
assigned to points. Therefore, a CRS means a coordinate system which is related to the Earth by a datum.
By definition, a vertical CRS is composed of a vertical datum and a coordinate system with a
height/depth component. A CRS is realized by a set of physical points and their coordinates. The
realization is known as Coordinate Reference Frame (CRF). Most countries today use local or regional
vertical CRFs. However, the International Association of Geodesy has been coordinating the
establishment of a global unified height system and International Height Reference System/Frame
(IHRS/IHRF). This proceeding summarizes the vertical CRF of Turkey, its relation to European vertical
CRF, Turkish geoid models computed so far, and the activities during and after the national height
system modernization project.

Keywords: Vertical Coordinate Reference Frame, Levelling Network, Geoid Models of Turkey, Height
System Modernization.
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Acemi Zeka Caginda Mekansal Zeka
GeoAl in the Age of Unexperienced Intelligence

Caner Giiney'™
Ustanbul Teknik Universitesi, Geomatik Miihendisligi Boliimii, 34469, Sariyer, Istanbul
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Ozet

Yapay zeka ve etrafinda kiimelenen biiyiik veri, bulut bilisim, nesnelerin interneti, robotik gibi diger
kavramlar bir¢ok uygulamali bilimin, arastirma ve gelistirme faaliyetlerinin ¢aligma yodntemlerini
evirmektedir. Jeodezi biliminde ve Geomatik/Harita miithendisligi uygulamalarinda da gdzlem ve 6lgme
sistemlerinden bulut ortaminda caligsan bilgi sistemlerine kadar genis bir yelpazede mekansal zeka
ozellikli yenilikci coziimler gelistirilmeye baslanmustir.

Yerin merkezinden uzayin derinliklerine ve siber diinyaya kadar her yerde gerceklesen olgularin ve
insan faaliyetlerinin mekansal modellemesinde, analizinde, gorsellestirilmesinde, mekansal
problemlerin ¢odziimiinde ve mekansal karar vermede yapay zekd yontemlerinin diger geliskin
teknolojilerle birlikte toplum yararina kullanimi mekansal zek& (GeoAl) olarak tanimlanabilir.

Endiistri 4.0 devrimi i¢cinde onemli bir yere sahip olan yapay zeka, neredeyse tiim disiplinlerin ve
sektorlerin iiretim yaklasimlarinda bir paradigma degisimine neden olmustur. Biiyiik veri ¢aginda bu
paradigma degisimini idrak edebilmek i¢in yapay zekanin gecmisi, bugiinii ve gelecegi iizerine
diisiinmek, yapay 6grenmedeki kavramsal yaklagimlarin nasil gerceklige doniistiigiinii anlayabilmek
gereklidir. Ancak bu tiir bir diisiinsel altyapi lizerine mekansal zekanin yapay zekadan nasil
yararlanabilecegi kurgulanabilir.

Makine 6grenmesi, derin 6grenme gibi yapay 0grenme tekniklerinin uygulanmasi sirasinda gerekli olan
ilk bilesen veri olarak kabul edilir. Diinya genelinde farkli olgeklerde, farkli ayrinti diizeylerinde
uzamsal verinin liretimi ve depolanmasi yayginlik kazannmus, diger bir ifadeyle mekansal bilgi tiretimi
icin dijital doniisiim neredeyse tamamlanmistir. Global Slgekte ‘Global Geodetic Observing System
(GGOS)’, ulusal diizeyde farkli kurumlarin gergeklestirdigi siirekli ¢alisan GNSS aglari, ortofoto
projeleri ve/veya Goktiirk uydular: bu duruma 6rnek olarak gosterilebilir. Bu asamadan sonra siradaki
adim mekénsal zeka yaklasimiyla sozii edilen mekansal veri kiimelerinden anlamli sonuglar
cikarabilmektir.

Mekansal zekd yalmiz yapay oOgrenme teknikleri kullamilarak oriintii taniyan, goriintiiler ve diger
mekansal veriler izerinde siniflandirma yapan arag¢ olarak algilanmamalidir. Ayni1 zamanda veriler
tizerinden 6grendiklerini kullanarak akil yiiriitmeler gerceklestiren ve ¢ikarimlar yapabilen bir yaklasim
olarak da diisiiniilmelidir. Bu durumda arastirmacilar, uygulayicilar ve karar vericiler icin diger bir
zihinsel doniisiim evresini gerektirir.

Calisma kapsaminda makinelerin 6grenme siirecleri ve mekansal diinyaya olan etkileri iizerinde
durulacaktir. Ayrica, ¢ok hizli gelisen yapay zekd yaklasimini jeodezi biliminde etkin bigcimde
kullanabilmek i¢in geomatik miihendislerinin kendi dogal diisiinme yetisini ne sekilde yonlendirmesi
gerektigi konusu ele alinacaktir.

Anahtar Kelimeler: Mekéansal Zekd, Yapay Ogrenme, Derin Ogrenme

Abstract

Artificial intelligence and other concepts such as big data, cloud computing, internet of things, robotics,
which are clustered around it, evolve the working methods of many applied sciences, research and
development activities. In Geodesy science and Geomatics/Map engineering applications, innovative
solutions with geospatial intelligence have started to be developed in a wide range from observation and
measurement systems to information systems operating in the cloud environment.
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Geospatial intelligence (GeoAl) can be defined as the use of artificial intelligence methods together with
other advanced technologies in the spatial modeling, analysis, visualization of phenomena and human
activities that occur everywhere from the center of the earth to the depths of space and the cyber world,
in solving spatial problems and in spatial decision making.

Artificial intelligence, which has an important place in the Industry 4.0 revolution, has caused a
paradigm shift in the production approaches of almost all disciplines and sectors. In order to comprehend
this paradigm shift in the age of big data, it is necessary to think about the past, present and future of
artificial intelligence and to understand how the conceptual approaches in artificial learning turn into
reality. On such an intellectual infrastructure, how spatial intelligence can benefit from artificial
intelligence can be constructed.

The first component required during the application of machine learning techniques such as machine
learning and deep learning is considered as data. The production and storage of spatial data at different
scales and different levels of detail has become widespread throughout the world, in other words, the
digital transformation for the production of spatial information is almost complete. Global Geodetic
Observing System (GGOS) on a global scale, continuously operating GNSS networks carried out by
different institutions at the national level, orthophoto projects and/or Goktiirk satellites can be given as
examples. After this stage, the next step is to draw meaningful results from the spatial datasets mentioned
with the spatial intelligence approach.

Spatial intelligence should not be perceived as a tool that recognizes patterns and makes classifications
on images and other spatial data using only artificial learning techniques. At the same time, it should be
considered as an approach that makes reasoning and can make inferences by using what it has learned
over the data. In this case, it requires another phase of mental transformation for researchers,
practitioners and decision makers.

Within the scope of the study, the learning processes of machines and their effects on the spatial world
will be emphasized. In addition, it will be discussed how geomatics engineers should direct their natural
thinking ability in order to effectively use the rapidly developing artificial intelligence approach in
geodesy science.

Keywords: Geospatial Intelligence (GeoAl), Artificial Learning, Deep Learning
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Yapay Sinir Ag1 Kullanilarak Jeoid Ondiilasyon Degerlerinin Tahmini icin Bayesian
Regularization ve Levenberg-Marquardt Egitim Algoritmalarinin Karsilastirmal
Analizi

Comparative Analysis of Bayesian Regularization and Levenberg-Marquardt Training
Algorithms for Prediction of the Geoid Undulation Values Using Artificial Neural Network

Berkant Konakoglu'*, Alper Akar?
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Ozet

Klasik nivelman 6l¢iimleri ile miithendislik uygulamalarinda kullanilan ortometrik yiikseklikleri bulmak
cok zor ve zaman alict olmasina ragmen, GNNS teknigi ile belirlenen elipsoid yiiksekliklerden
ortometrik yiiksekliklere doniisiim daha kolaydir. Ancak bu doniisiim icin jeoid ondiilasyon degerlerinin
kesin dogrulukla bilinmesi gerekir. Bu baglamda bu ¢alismada, yapay sinir aglarina (YSA) ait Bayesian
Regularization (BR) ve Levenberg-Marquardt (LM) egitim algoritmalarinin, jeoid ondiilasyon
degerlerinin modellenmesi ve tahmininde uygulanmasi degerlendirilmektedir. Sinir ag1 modelleri, Rize,
Tiirkiye icin yapilan bir dizi dl¢iimden (414 C3 noktasi) alinan veriler kullanilarak gelistirilmistir. Veri
seti iki boliime ayrilmistir. Ik kisim ag1 egitmek icin kullanilmustir (373 C3 noktasi, tiim veri setinin
%90'1). Kalan 41 C3 noktasi test islemi i¢in kullamilmustir. Gizli katman i¢in gereken optimal néron
say1sl, her bir algoritma i¢in ndronlarin 5 ile 25 arasinda degisen cesitli topolojiler incelendikten sonra
belirlenmistir. Istatistiksel ve grafiksel sonuglara dayanarak LM algoritmas1 en iyi dogrulugu vermistir.
BR algoritmasi i¢in sirasiyla en diisiik KOH, OMH ve R? degerleri 5.95 cm, 6.80 cm ve 0.99929 olarak
elde edilmistir. En diisiik KOH, OMH ve R? degerleri 5.27 cm, 4.88 cm ve 0.99945 LM algoritmast i¢in
kaydedilmistir. Her iki algoritmanin sonuclar1 karsilastirildiginda, LM algoritmasi daha dogru bir model
uydurma ve daha verimli bir tahmin yetenegi ortaya koymustur.

Anahtar Kelimeler: Yapay Sinir Aglart (YSA), Bayesian Regularization (BR), Jeoid Ondiilasyonu,
Levenberg-Marquardt (LM), Egitim Algoritmast

Abstract

Although it is very difficult and time consuming to find orthometric heights used in engineering
applications with classical leveling measurements, conversion from ellipsoid heights determined by
GNNS technique to orthometric heights is easier. However, the geoid undulation values with certain
accuracy must be known for this transformation. In this context, this study evaluates the application of
Bayesian Regularization (BR) and Levenberg-Marquardt (LM) training algorithms of artificial neural
networks (ANNs) in the modeling and prediction of geoid undulation values. The neural network models
were developed using data from a set of measurements (414 C3 points) made for Rize, Turkey. The data
set was divided into two parts. The first part was used to train the network (373 C3 points, 90% of the
whole data set). The remaining 41 C3 points were used for testing process. The optimal number of
neurons required for the hidden layer was determined after examining several topologies wherein the
neurons were varied from 5 to 25 for each of the algorithms. Based on the statistical and graphical
results, the LM algorithm gave the best accuracy. For the BR algorithm, the least RMSE, MAE and R?
values of 5.95 cm, 6.80 cm, and 0.99929 were obtained, respectively. The least RMSE, MAE and R?
values of 5.27 cm, 4.88 cm, and 0.99945 were recorded for the LM algorithm. Comparing to the results
of the both algorithms, the LM algorithm reveals a more accurate model fitting and a more efficient
predicting ability.

Keywords: Artificial Neural Networks (ANNs), Bayesian Regularization (BR), Geoid Undulation,
Levenberg-Marquardt (LM), Training algorithm
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Yerel Jeoidin Modellenmesinde Yapay Sinir Aglar1 ve Universal Kriging Enterpolasyon
Yontemlerinin Kullamlabilirligi

Usability of Artificial Neural Networks and Universal Kriging Interpolation Methods in
Modelling the Local Geoid

Merve Ocak'™, Leyla Cakir!
'Karadeniz Teknik Universitesi, Harita Miihendisligi Boliimii, Olgme Teknigi Anabilim Dali,61080, Trabzon
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Ozet

Teknolojinin gelismesi ve uydu tekniklerinin yayginlasmasiyla birlikte bir noktaya ait konum bilgisinin
GNSS (Kiiresel Konum Belirleme Sistemleri) dl¢iim teknikleri ile pratik, ekonomik ve hizli bir sekilde
elde edilmesi, bu teknigin yersel dl¢ciim tekniklerine kiyasla sahada kullanimini arttirmustir. GNSS
Olctim teknikleri ile elde edilen yatay konum bilgisi dogrudan kullanilabilirken diisey konum bilgisi olan
elipsoid yiiksekligi fiziksel bir anlam tasimadigindan dolay1 haritacilik faaliyetlerinde dogrudan
kullanmilamamaktadir. Bu sebeple elipsoid yiiksekliklerin pratikte kullanilan ortometrik yiiksekliklere
doniistiiriilmesi gerekmektedir. Bu doniisiim icin de jeoid yiiksekligine ihtiya¢ duyulmaktadir. Jeoid
yiikseklikleri de Biiyiik Olcekli Harita ve Harita Bilgileri Uretim Yo6netmeligi’'nde (BOHHBUY)
Onerildigi gibi lokal bir calisma alaninda GNSS/Nivelman ol¢iilerinde yararlanarak jeoidin
modellenmesi ile kolaylikla elde edilebilir. Bu ¢alismada kullanilan veriler Tapu ve Kadastro IX. Bolge
Miidiirliigii tarafindan Trabzon’da yapilan ¢alismalar kapsaminda olusturulmus C3 dereceli noktalardir.
Yaklasik olarak 4700 km?’lik alanda bulunan 355 adet C3 dereceli nokta ile enterpolasyon
tekniklerinden yaygin olarak kullanilan universal kriging (UK) enterpolasyon yontemi, yapay zekanin
alt dallarindan biri olan yapay sinir aglarindan (YSA) cok katmanlhi algilayicilar (CKA) ve
genellestirilmis regresyon yapay sinir aglart (GRYSA) yontemlerine gore yerel jeoidin belirlenmesi
amaclanmistir. Yontemlerin uygulanmasinda kullanilan veriler dayanak ve test noktalart olarak iki
gruba ayrilmis olup dayanak noktalarimin belirlenmesinde noktalarin caligma alaninda homojen
dagilimda olmasina ve jeoid modeli en iyi temsil edecek yerlerde olmasina dikkat edilmistir. Dayanak
noktalar1 referans alinarak olusturulan jeoid modellerinde, test noktalarina ait gergek jeoid yiikseklik
degerleri ile UK, CKA ve GRYSA yontemlerinden hesaplanan jeoid yiikseklik degerlerinden elde edilen
farklar istatistiksel olarak irdelenmistir. Kullanilan yontemlerden jeoid modellemede en iyi duyarliliga
sahip sonuclar CKA yontemi ile elde edilmistir.

Anahtar Kelimeler: Jeoid, Universal Kriging, Yapay Sinir Aglar

Abstract

With the development of technology and the widespread use of satellite techniques, obtaining
the location information of a point with GNSS (Global Positioning Systems) measurement
techniques, practical, economical and fast, has increased the use of this technique in
applications compared to terrestrial measurement techniques. Although the horizontal position
information obtained by GNSS measurement techniques can be used directly, the vertical
position information, which is the ellipsoid height, cannot be used directly in surveying
activities because it has no physical meaning. Therefore, heights need to be converted to
orthometric heights used in practice. The geoid height is also needed for this transformation.
Geoid heights can also be easily obtained by modelling the geoid by using GNSS/Leveling
measurements in a local study area, as recommended in the Large Scale Map and Map
Information Production Regulation (LSMMIPR). The data used in this study are C3 points
created by the Land Registry and Cadastre IX. Regional Directorate within the scope of the
studies carried out in Trabzon. It is aimed to determine the local geoid with 355 C3 points
located in the area of approximately 4700 km?, according to with the universal kriging (UK)
interpolation method, which is one of the widely used interpolation techniques, multi layer
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perceptions (MLP) and generalized regression neural network (GRNN) methods from artificial
neural networks (ANN), which is one of the sub-fields of artificial intelligence. The data set
used in the methods were divided into two groups as reference and test points. While
determining the reference points, the selection was made according to the homogeneous
distribution of the points in the study area and the locations that would best represent the geoid
model. In the geoid models created based on reference points, the differences between the real
geoid height values of the test points and the calculated geoid height values from the UK, MLP
and GRNN methods of these points were examined statistically. Among the methods used, the
results with the best precision in geoid modelling were obtained with the MLP method.

Keywords: Geoid, Universal Kriging, Artificial Neural Network
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GRACE-benzeri Toplam Su Biitcesi Degisim Modellerinin Derin Ogrenme
Algoritmalari ile Simiilasyonu

The Simulation of GRACE-like Terrestrial Water Storage Anomaly Models using Deep
Learning Algorithms
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Ozet

2002 yili Nisan ayindan 2017 yili Haziran ayina kadar yoriinge dolanimi gergeklestiren GRACE
(Gravity Recovery and Climate Experiment) misyonunun yani sira 2018 yili Mayis ayinda yériingeye
firlatilan ve halen aktif olarak gorev alan GRACE-FO (-Follow On) misyonu gorev siirelerince
yeryuvarinin toplam su biitcesi degisimlerinin (TSBD) modellenmesine katki saglamaktadir. Gerek
uydu konfigiirasyonu gerekse yoriinge manevralari gibi yapay etkilerin varligr ile GRACE/-FO
misyonlarina ait 6l¢li ve gozlemlerle kestirilen gravite alan1 modellerinde bosluklar bulunmaktadir.
Ayrica iki misyonun aktif olduklart zaman periyotlari arasinda 11 aylik boslukta (2017 Temmuz — 2018
Mayis) vardir. Son yillarda 11-aylik boslugun elde edilebilirligi Makine ve/veya Derin 6grenme (MO,
DO) teknikleri kullanilarak arastirilmaya baslanmistir. GRACE-benzeri TSBD modellerinin DO
algoritmalar kullanilarak kestirilmesi ve bu boslugun doldurulmasinda hidroklimatik verilerinin (yagis,
sicaklik, buharlasma v.b.) sahip oldugu mekansal-zamansal degisimlerin de dikkate alinmasi sik¢a
uygulanir hale gelmistir. Bu calisma kapsaminda, Convolutional Neural Network (CNN), Deep
Convolutional AutoEncoder (DCAE) ve Bayesian Deep Convolutional encoder-decoder Networks
(BCNN) algoritmalar1 kullanilarak GRACE-benzeri TSBA modelleri sadece karalar1 igerecek bicimde
elde edilmistir. Caligma literatiirde su ana kadar uygulanmanus olan iki 6zgiin amaci kapsamaktadir; (i)
SWARM uydu misyonuna ait Kiiresel Harmonik Katsayilardan hesaplanan TSBD modelleri girdi verisi
olarak ele alinmis ve bdylece gravite alaninin uzun dalga boylu sinyalinin simiilasyon modellerine
basarili bir sekilde aktarilmasi saglanmustir. Ote yandan (ii) aylik modellerin sahip olduklari zaman
bilgisi de girdi verisi olarak kullanilarak kestirilen sinyallerin trend ve mevsimsel davranisinin anlaml
bir sekilde modellenmesi amaclanmistir. Ayrica European Centre for Medium-Range Weather Forecasts
(ECMWF)’ye ait ERA5-Land modelinin sahip oldugu veya tiiretilen yagis, sicaklik ve kiimiilatif su
biitgesi degisimi gibi veriler hidroklimatik girdi verileri olarak kullanilmustir. Boylece ii¢ farkli DO
algoritmas: kullanilarak Ocak 2014 ile Aralik 2020 aylar1 arasinda tanimli GRACE-benzeri TSBD
simiilasyon modelleri elde edilmistir. Modellerin bagarisi hem matematiksel hem de fiziksel anlamda
test edilmesi amaciyla i¢ ve dis dogrulama islemlerine tabii tutulmustur.

Anahtar Kelimeler: GRACE ve GRACE-FO Uydu Misyonlari, GRACE-benzeri TSBD, Derin Ogrenme
Algoritmalar

Abstract

The Terrestrial Water Storage Anomalies (TWSA) have been modelled using GRACE (Gravity
Recovery and Climate Experiment) observations from April 2002 to June 2017 and GRACE-FollowOn
observations until May 2018. There are data gaps in time period of the gravity field due to the orbit
configuration and artificial effects such as manoeuvres. In addition, there is 11’°th months gap between,
1.e., July 2017 and May 2018, GRACE and GRACE/-FO. Nowadays, GRACE-like TWSA simulations
are studied using Deep Learning (DL) and/or Machine Learning (ML) algorithms in order to model and
fill to this gap considering hydro-climatic variables, i.e., precipitation and/or temperature data. In this
study, Convolutional Neural Network (CNN), Deep Convolutional AutoEncoder (DCAE) and Bayesian
Deep Convolutional encoder-decoder Networks (BCNN) are used to simulate GRACE-like TWSA
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models only including land areas on Earth. There are two novel ideas which are listed as; (i) the long
wavelength of the gravity field of SWARM satellites are considered as input to utilize gravitational
information sensed by SWARM satellites, (ii) the normalized day-of-year (nDOY) of monthly models
are also considered as input in order to determine the trend and seasonal behaviour of simulated TWSA
significantly. European Centre for Medium-Range Weather Forecasts (ECMWF) ERA5-Land datasets
is also used as hydro-climatic input that are precipitation, temperature, and the cumulative water storage
changes. Thus, the three different DL algorithms are utilized to simulate GRACE-like TWSA models
between January 2014 and December 2020. The achievement of the simulated TWSA models is
evaluated mathematically and physically considering in the internal and external validation.

Keywords: GRACE and GRACE/-FO missions, GRACE-like TWSA, Deep Learning Algorithms
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Application of Machine Learning in Geodesy: Prediction, Detection, and Automation
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Abstract

In recent years, the amount of geodetic data has grown dramatically. In particular, there has a strong
increase in stations and satellites of the Global Navigation Satellite Systems (GNSS). At the same time,
there have been significant methodological and computational advances, with the potential to better
exploit the growing amount of data for science and society. A major development in this respect has
been the success of data science and machine learning, in particular deep learning, in various fields.

In this talk, I will give an overview of the application of machine learning in geodesy. For certain
geodetic problems, including parameter prediction, anomaly detection, and automation, machine
learning is especially promising. At ETH Zurich, we have put significant efforts in solving such
problems with artificial intelligence. I will present examples concerning the detection of discontinuities
in GNSS station position time series, the prediction of Earth orientation parameters, and the automation
of scheduling very long baseline interferometry experiments.

Keywords: Machine Learning, Parameter Prediction, Anomaly Detection, GNSS, EOP
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Ozet

Yapay Zeka (YZ) calismalar1 giiniimiizde genis uygulama alan1 bulmustur. Bunun nedeni kullanicilarin
GNU ortamda hazirlanmus olan verilere ve alt programlara Internet iizerinden kolayca ulasabilmesidir.
Buna ek olarak, bilgisayar teknolojisinin gelismesi ile birlikte YZ sistemleri kullanicin modelleme ve
yorumlama yiikiinii de azaltmstir.

YZ ile ilgili yazili ve gorsel kaynaklara (bildiriler, makaleler, kitaplar, vb.) bakildiginda, ¢ogunlukla
tanimsal bilgiler verilmekte, teknik asamalari cok kapali olarak islenmektedir. Bu nedenle YZ
calismalarinin hangi boslugu doldurdugu iyi anlasilmamaktadir. Bu calismanin temel amaci, YZ
sistemlerinin, bilimsel ve miithendislik problemlerinde hangi asamaya hizmet ettigini tartigsmaktir. Bu
bildiride, Kararl1 Hesaplama (KH) ile YZ (ya da Esnek Hesaplama, EH) tekniklerinin karsilastirmasini
asagida siralanan maddeler lizerinden yapmaktir.

* KH yontemlerinde iki tiir nicelik vardir. Olgiiler (veriler) ve model parametreleri (s6z gelimi jeodezik
problemde Olciiler; uzunluk, agi, gravite, zaman, vb ve model parametreleri; genellikle nokta konum
bilgileridir). YZ problemlerinde ol¢iiler (girilen veriler) ve agirliklar ise model parametreleridir. YZ
yontemindeki agirliklar stokastik bilgiler icermezler, deterministik parametrelerdir.

* KH yontemlerinin cogunda model parametreleri ile l¢iiler arasindaki fonksiyonel iligki bellidir. YZ
fonksiyonel modelleri uzman goriisiine bagh olarak Derin Ogrenme (DO) ya da probleme uygun bir
Makine Ogrenmesi (MO) algoritmasina ile deneme yanilma yolu ile belirlenir (ileri beslemeli Yapay
Sinir aglari, YSA). YZ sistemlerinde siireci hizlandirmak igin esit agirlikli En Kiiciik Karele (EKK)
yontemine karsilik gelen geriye yayilimli YSA kullanilir.

* KH yontemleri ile ¢oziimiinde, fiziksel korelasyonlar1 yansitan stokastik model kullanilir. YZ yontemi
ile ¢6ziimiin en zayif yani stokastik modelin ¢oziinde kullanilmamasidir. YZ yonteminde kullanilan
siniflandirma stokastik model olusturmak icin degil, verileri gruplandirmak icin yapilir. Verilerin
stokastik bilgileri bu asamada kullanilmalidir.

* KH yontemlerinde yorumlama %80 test giicii saglanacak sekilde %95 giivenirlik ile yapilir. YZ
yonteminin basarisi basar1 oram (ya da olasiligina) dayali ve bir sinirlama koyulmadan gerceklestirilir.
S0z gelimi %30 olan basar1 %40 ¢ikarildiginda, YZ yontemini basarisinin %10 artirildigindan s6z edilir.
Bagarisizlik hala %60 dir.

* YZ yontemi ayrik olarak siniflandirilmis statik problemlere uygundur. Kosullarin zamanla degistigi
dinamik problemlerde egitim siireci tekrarlanmalidir.

* YZ yontemindeki 68renme ve test verilerin se¢imi uzman seviyesine gore degisim gosterir.

Bu bildiri ile yukarida kisaca 6zetlenen maddeler iki (regresyon analizi) ve ti¢ (GNSS nivelman) boyutlu
uydurma Ornekleri iizerinden tartisilacak ve jeodezik bir bakis agistyla sonuclar ¢ikarilacaktir.

A_nahtar Kelimeler.:_ Matematik Model, Kararli Coziim, Hipotez Testleri, Yapay Sinir Aglari, Derin
Ogrenme, Makine Ogrenmesi, Yapay Zeka

Abstract

Artificial Intelligence (Al) studies have found wide application today. The reason for this is that users
can easily access the data and subprograms prepared in the GNU environment over the Internet. In
addition, with the development of computer technology, Al systems have also reduced the modeling
and interpretation burden of the user.
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When looking at the written and visual sources (proceedings, articles, books, etc.) related to Al, mostly
descriptive information is given and the technical stages are covered in a very closed manner. Therefore,
it is not well understood which gap Al studies fill. The main purpose of this study is to discuss which
stage Al systems serve in scientific and engineering problems. In this paper, the comparison of Hard
Computing (HC) and Al (or Soft Computing, SC) techniques is to be made over the items listed below.

* There are two types of quantities in HC methods. Measures (data) and model parameters (for example,
in a geodetic problem, measures; length, angle, gravity, time, etc., and model parameters; usually point
positions). In Al problems, measures and weights are input data and model parameters respectively. The
weights in the Al methods do not contain stochastic information, they are deterministic parameters.

* In most HC methods, the functional relationship between model parameters and measures is clear. Al
functional models are determined by a Deep Learning (DL) or Machine Learning (ML) algorithm
suitable for the problem with respect to the expert level of the user by trial and error method (feedforward
Artificial Neural Network, ANN). In order to speed up the process in Al systems, backpropagation ANN
corresponding to the equally-weighted Least Squared (LS) method is used.

* In the solution with HC methods, a stochastic model including physical correlations is used. The
weakest aspect of the Al method is that the stochastic model is not used in the solution. The classification
used in the Al method is not to reflect a stochastic model for data but to group the data. Stochastic
information of the data should be used at the classification stage as well in AL

* In HC methods, interpretation is made with a 95% confidence level under 80% test power. The success
of the Al method is based on the success rate (or probability) and without limitations. For example,
when the success rate of 30% is subtracted from a 40% developed new rate, it is said that the success of
the Al method is increased by 10%. But, failure is still 60%.

* The Al method is suitable for discretely classified static problems. In dynamic problems where
conditions change over time, the training process should be repeated.

* The selection of learning and test data in the Al method varies according to the expert level.

In this paper, the items briefly summarized above will be discussed over two (regression analysis) and
three (GNSS leveling) fitting examples, and conclusions will be drawn from a geodetic point of view.

Keywords: Mathematical Model, Hard Computing, Hypothesis Tests, Artificial Neural Networks, Deep
Learning, Machine Learning, Artificial Intelligence
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Ozet

Giintimiizde neredeyse belli bir yas lizeri niifus ile dogru orantili artan bir sekilde cep telefonu kullanimi
mevcuttur. Teknolojinin gelismesi ile, telefonlar, asil amaci iletisimin disinda, neredeyse bir cep
bilgisayarina evrilmis ¢esitli kullanim alanlar1 sunmaktadir. Bu kadar sik kullanilan elektronik bir aletin
icerisinde jeodezik/jeofizik Olgiilerde kullanilan aletlerin elektronik devrelerinde rastladigimiz, daha
kiictik olcekte, benzer ekipmanlar bulunmaktadir. Bunlar; ivmeodlger, jiroskop ve GPS alicist gibi
sensorler olarak Orneklendirilebilinir. Bu durumda, yeterli duyarhiliktaki cep telefonlar
jeodezik/jeofizik Ol¢iim cihazlarma doniistiiriilebilinirse, ¢esitli yerbilimleri uygulamalar1 igin
kullamilmasi fikri oldukg¢a heyecan verici olacaktir. Bu tip uygulamalardan en 6nemli olabilecek bir
tanesi, deprem kaynakli olas1 bir sarsintiyi, cep telefonlar: icindeki ivmedlgerler yardimi ile, dnceden
algilayabilecek ve bunun uyarisini kullaniciya sunabilecek bir deprem erken uyari sisteminin
gelistirilmesidir. Bu ¢alismada, bunun ilk denemesi gerceklestirilmistir. Oncelikle, cep telefonunda
algilanan ivmedlger verisini ¢ekebilen bir yazilim ve telefon-sunucu arasi baglantiy1 saglayan bir mobil
uygulama gelistirilmistir. Daha sonra, Afet ve Acil Durum Yonetimi Baskanlii (AFAD) internet
sayfasindaki veritabaninda bulunan, ¢esitli biiyiikliiklerdeki gercek depremlere ait ivmedlcer verileri
kullanilarak, Uzun kisa siireli bellege sahip (Long-Short Term Memory: LSTM) tekrarlayan sinir ag1
mimarisi (Recurrent Neural Network: RNN) derin 6grenme algoritmasina ivmedlger verisi dgretilmistir.
Oncelikli olarak, uyku halinde olunmasi varsayimi gz niine aliarak, yatay bir diizlemde sabit bulunan
cep telefonundan elde edilen sarsinti kaynakli ivmedlger verisi, sunucuda egitilmis veri/veriler (¢oklu
kullanict durumunda) ile karsilastirilip kullaniciya gerektiginde deprem uyarisi vermektedir. Elde edilen
ilk sonuglarda, % 82 ve iizeri duyarlilik gézlenmistir.

Anahtar Kelimeler: Akilli Telefon, fvmeb'lger, Sensor, Deprem Erken Uyari, Derin Og‘renme

Abstract

Today, there is an increasing use of mobile phones in direct proportion to the population over a certain
age. With the development of technology, phones offer various usage areas that have almost evolved
into a pocket computer, apart from the main purpose of communication. In such a frequently used
electronic device, there are similar equipment on a smaller scale, which we encounter in the electronic
circuits of instruments used in geodetic/geophysical measurements. These; sensors such as
accelerometer, gyroscope and GPS receiver. In this case, the idea of using mobile phones with sufficient
sensitivity for various geoscience applications would be very exciting if they could be converted into
geodetic/geophysical measuring devices. One of the most important applications of this type is the
development of an earthquake early warning system that can detect a possible earthquake-induced
shaking with the help of accelerometers in mobile phones and present the warning to the user. In this
study, the first attempt of this was carried out. First of all, a software that can capture the accelerometer
data detected on the mobile phone and a mobile application that provides the connection between the
phone and the server have been developed. Then, using the accelerometer data of real earthquakes of
various sizes in the database on the website of the Disaster and Emergency Management Presidency
(AFAD), Recurrent Neural Network: RNN with Long-Short Term Memory: LSTM. ) accelerometer
data is taught to the deep learning algorithm. First of all, taking into account the assumption of being
asleep, the accelerometer data obtained from the mobile phone fixed on a horizontal plane is compared
with the data/data trained on the server (in the case of multiple users) and gives an earthquake warning
to the user when necessary. In the first results obtained, a sensitivity of 82% and above was observed.

Keywords: Smartphone, Accelerometer, Sensor, Earthquake Early Warning, Deep Learning
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