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ABSTRACT

Analysis of Accuracy in Velocity ComponentsDerived
from Global Navigation Satellite Systems (GNSS)

Campaign Measurements

Ece UYSAL

Department ofseomatic Engineering

Master of Scienc&hesis

SupervisorProf. DrDoj an Uj ur Kk ANLI

Although regular time series derived from continuous observation GNSS station
data are more useful in determining station velesitind deformations, it is not
possible to abandon campaign measurements. For this reason, efforts to improve
the deformation determination results obtained from campaign measurements
continue In this study, the accuracy of velocity parameters calculayedsing

daily time series producday PPPfor IGS stations by using GPS observations by
NASA Jet Propulsion Laboratory (JPL) was investigaW/dhin the scope of the
study, 31 homogeneously distributed IGS stations were selected in line with the
CentralLimit Theorem (minimum 30 points) and the stations were classified as
regional.4 years of continuous GPS data from 2@089 were used. Campaign
measurementa/ere sampled on a regular basis, once a year, for 3 consecutive days.
Campaign time series arerggated from continuous data ofLIJMData free of
geomagnetic storms were used. In this direction, 24, 25, 26 May dates were deemed
appropriate. The annual seasonal effect was taken into account by eliminating

inconsistent measureds a result of thevelocity estimation, a difference of 1

Xiv



mm/yr was observed in the horizontal component between the continuous GPS and
the campaignelocities. This difference is up to 8 mm/yr in the vertical component.
There was no significant difference between thaocities generated from
campaign measuremerasd thevelocities generated from continuous GPS, with a
95% confidence leveln the campaign measurements, \tecity estimation error

was treated as colored noise. Aeault, an accuracy of 1 mm/yr horizontally and

3 mml/yr vertically was obtained?egional differences in velocity errors were
observedIn the results obtained from the campaign time series, accuracy loss of
0.1- 0.3 mmlyear in the horizontal components andl05mm/year in the vertical
component was detected in the combination&/Nf(white noise) WN+FN (flicker

noise), WN+RWN (random walk noise)WWN+FN+RWN, which were created
according to the noise typedlithin the scope of this study, when compared to
studies that measure campaigns once a year, it is seen that vertical acgzuracy |
approximately 3 times bettdt will be possible to obtain more precise results when
the sampling interval of the campaign time series is kept longer than the continuous

time series.

Keywords: GPS accuracy of velocity, continuous GPS, campaign measotem

white noise, colored noise.

YILDIZ TECHNICAL UNIVERSITY
GRADUATE SCHOOL OF SCIENCE AND ENGINEERING
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1

GK RKk

1.1 Literatg¢gr ¥zetl

GPS statik konum belirleme ya ¢zerine bir
tesisten her gén 24 saafisygeekl itoP8aamnadla
adl andéerél acakter.) ya da her stenf er i nde
kurularak (Bundan sonrafik ampany a GPSOo ol ar ak adl a
ger - e kI1Segw teikrl(iik &R.S e | K o n uknal rapnaan ySai sGPeSwie) g ° r

dahadoj ru sonu-1ar veren heéez vei kloemtume bel i
mal i yeti iygtkesmrikltem wejunl ukta s¢grekl i GPS
m¢ mk ¢ n dej il dir. Dol ayéséyla kampanya °I
Kampanya GPS ©°zel |l i kl e Kkosigm&klve postsismile |, heyel

def ormasyonl aréen belriiml d@mezmesnimegii mid ed kjud Il a
[1], [14], [21]

Kampanya °Il-¢mlerinden elde edilen héz d

arakter macé taraf éndan s¢rekl i GPSO6t en
karkeéel akt ér el mexk vi],[3 ¢4, [24],[28]M2%eye - al ékél mé

Akarsuvdb n2 @15 yeéel énda gerérmmid ekt ot dkkluewui an
serilerinin s¢grekl i GPS 8iled?2 dadkrGP81 akt ér el
kampanyal lkrGP S2 Kampamnyal ar € yBua akkn@garnkéénl akt ér
g¢é-S¢z kdlod@joe eyyre,l | ar daki yani GPS hassa
zamanl ardaki zaman sndanbd e°rli- Lllersdemrr ielkdud | es
kestirimn2depéril eyell ardan s odmerjfemrcd!| de edi
g°reddalkR& dojrul mesa 9o@muxkar ver

Duman ve kAkbhEs(@20d9) dmifn n-ealed& kme&ks &mnzeer e b

-al ékxkma d¢zenledremi®knces i n20Gkka zaman seril e
-%z¢é¢ml erioni 0 ra nadcaény | la a |suitEfr @amdn eserieri

kull an&ameanga. °| - ¢;mlerkada,r khga &8y gini gk
kul | an@lkmé&istue rvhdé z6 ed ogj°r8ued 12 saatikd®az ¢ ml er i - i n

séraseéeyl alergat %y5 bv é e%Lele idsiexk eWwd bvie edklernd yi |
sajl anméexkteéer . Késa g°zl em o tinr24gaatlik s ¢ r esi nc



oturuml ar |l a karkeél aktérel masénda I stati s
gor ¢l Bkt ¢r

Kampanya °1|-¢mlerini geré¢élhakemményeor gefj e kR d
arakteéermal ar bundan sonra kampanya sayeéel a

test edi | mesi yoen¢egndaeméeoml BOKOury.él Eqnrdeark i ve a

ayl ek kampanyal ar, s¢rekl i GPS vesé4 ayda

i ncel eKmmpahnya °I| -¢mlerinin s¢grekli GPSol
kestiriminde uygun test y°ntemler:i bel ir]
gerek sg¢rekl i GPSO6in hez kestirim hatalar

Bunun 20122i0nL6 yeéll ar é arasénda 4 yellek \
kull an®lkmernt ér °rnekl eme yapéldéjénda 4 ayc
el de edilen héez dojrul u8agintuin kagy-l ¢k Ikiarmpdamjy
kaybeéeyla g?tdegl Pkt gi J i

1.2 Tezin Amaceé

Kampanyal ar d¢gzgen °rneklendijdl.nde i yi sor
Bu- al ékmada, | GS (I nternational WNSS Serv
zaman serilerk ul | anél ar ak heézG¢iknd gtkie ksi mieldeg a p € e mé kK
edilen sonu-I|larla kampanya verilerinden e
S¢rekl i veri 2016, 2017, 2018, 2019 yeéellar
bir yeéla ait ardékék 3 ge¢negn se-il mesiyle
Bu tezisngprankacié g® z| &ampanga a K leirnde -9 ex-dielnen - ©°
il e s¢rekl i GPSO6t en el de edil en sonu-1 a
kull anabilirlijini g°®stermektir.

1.3 Hipotez

Bu tez -al ékmaseé@,

1 31l istasyona aig ¢ nl-fk ¢ ml er den t¢ereti | en vV e bu
araseéndan kampanya ol arakhéege-kielsen r i Mz
dejerlerinin °zdek sonu-1I|lar ¢retip ¢ret

T Kampanya ve s¢rekli GPSO6ten el de edil en
sonu-1| ar ¢irjeit ivpe ¢erneltemesde | farkl él ék g°s



hi potezl eri dzerine kurul muktu
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METODOL OJ K

2.1 GPSile Konum Belirleme Teknikleri

GPS il e konum belirl eme tegkrirlel eirkii bsag ned
ayr elMaubtillaikr . konum belirl emede tek bir al eec
kod g%zl emleri yapBheel veEokombubamdeded mamne&mi
konumu bilinen bir nokt a aracel éejeyl a k

koordina | ar éné bkKkiirdaemekali eécédan ek zamanl é
kod ve faz g°zlemlerd. yapéel ép i ki nokta a
Stati k, hezl e stat-igki,t Kk°ilnemay 9 kt, e ntleekrriar lh a
bel irl emdil[$]6),{7e ml er

Bu b°l ¢mde tez -alékmasénda kullanél an mu

PPP (Hassas Nokta Konumlama) a-ékl anmékt éer
2.1.1 PPP(Precise Point Positioning)T e k ni ] i

Hassas nokta kkuwlulmd méariaa bileekinli g p &P&ej @l € Kk ma s
Zumberge [BJdP PR, atiek ial écédan el de edilen
mut | ak konum b el iJeodlee the degnejmi di al e k mal
deformasyonun belirlenmesindeé k | é k1 a y arHarzléan € | hnaaskstaasd é u y
y°r¢ngaawvebilgilerPPHRuydmneémimaikn adéravant
mertebesinde konum dojruluju elde edebilr

-%z¢megne ait yakeéensanba[7]s[@r esi nin uzun ol me

22 Hé z K e sDeformasyon Belirleme

Deformasyonn belirlenmesinde yatay koordinatlardaki hareket neredeyse

doj rus(a2l.digr .exki tli7Ji y ar dé maepilmaktedd oj r us all

Buradawher hangi bir bh®zainhdhaef dréhaxy amg@&rané)

nokt @ag@améiés,e arték hataJ]lré temsil et mekt
® ® W U P



Verilerdekiof set | er hesab@2.kat ée¢ wictalki Jjol uorstaay a
Denklemeé o f s et kad safyeestée bdyeckldegzenkkhmnet ek.
(2. 3) ¢€exkoiftsleit] ikaislacalyasmakt adéer .

W O W £fw 0 &
0O o
€ P . . C®
m 0 O
Zaman seril eri analizinde y Mevsilidel me v si ms
periyotl ara@ylyéek | e&klviend@ | AQ@.eSlienmek i thg mk ¢ n
bil e2edin( 8r 9) , mevsi msel varyasyon model i i
ekitliklerde g°sterilmicktir.
WO O0i N %o ¢
OB10 % OEIoAT% AT1060B4 C®
w0 O0OEBToATHR AT1 OB C®
w 0 wéi %o &
Q 01 Q& %o (¢ ]]
wo Qi VO Qwugio (€]
o e me TR N o« B
W W Ww £w wl Q{»;V Qws—&v V] P
o e me v o Ge O ,QT,C‘C) \
W W Ww E£w Wl Q-FY— oos—tv V) <P p

Jeodeziad a-radlagkrmem °1| - ¢ du9brlbéEképienéetaret
sonu-|larén daha y¢ksek dojrulukta ol maseén
fazla °I|l-¢ yapél maktader . Ger ekl i ol andan
t¢retebil mek lieri ny °ennt ekmgi-yelke kdaerneg@l]l.e me hes a
(2.12) numaral é exkitlikte fohkast yayn&llarmod
matrisini, w ise bilinmeyenlerv e kt °r ¢ n ¢ g %(&1B)eir (@R t edi r .
denkl eml er i S erakseeylla ¢il arlgexrg,rid ¢ tz e deir me/ledkrnt © r
vektlar-¢é¢sal 'Ybiekana] érl ekl e %P{|isipgpisayEasrlda
O bilinmey eﬁl kod ya&kd @ r "Yigm abtlinmeyenlerin standart

sapma[s2e d ér
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p O m iQdT @E o] N
D o m iQdl  OE ol
. f & & & & .
O p o p iOd] BE O 4 @ o
L€ é é é ~é l"l
w o0 p QDT weiO1U
o Y O ¢ T
a ol P U
o oo RQ < X0)
C“
1 &Y P X
w 00 04 Py
® 0w o P w
~ W W &
E 6 ¢
6 8 & p
YooYz R & ¢
2.3 G¢ r ¢ Katalgeristikleri
Yézey yer deji Ktirmesi vV e gerilimlerin
kull anél déjée jeofiziksel taahmitreirman ayamérmp
hat al arén da dojru tahmini gerekl idir. H
sénéeflandéreéel abilir. Beyaz ger el t ¢ zamana
korelasyonludurD ¢ z e n | | aral ekl e yojun veri kul I al
sy rekl ektheyreezk g¢r ¢l tegnegn et ki sini azaltab
rastgele yeé¢reéeyeéek g¢eli3fhJl4.Beyaz-ive ethikli de
birlekik ol ara,) o6@GRS ahé&z noateds éku(zey, doj
bil ekenleri 3teonvedenini eami (2. 2
pg &,
& o7 O o & 0
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6 Qu®aialov TP @YD "L T U W ] 1

6 QWO aid0 ™ YD O T Y & v

6 QWM aiodd T™PT @YD "® P& X ¢ RO
0 ihEdIiaidl O PP oYU TP X & X
0 i GDiiaidli O p&rT YOO TG & Y
0 ihEIiaidl & TWEOYD"® L wT & w

Qyell ek °|l "Ygmplsame g® .,z pX YPso, TR dj r .
, Ga beyaz g¢rel, aaokgrgkdrma , ger el téese bey

Rastgele yérceyek g, PR G AT @ ol ayr cakkl a@jl & narléant
Her bir Rkirlgdkegnd cydpiRIP kleei it | ( Xl 2r.i i1l e he:
K:kuzey, DdojYay ¢ ksekl i k bilekenini temsil et mel
24 Wil coxon Kkaretli Séra Test.

Wil coxon ikaretl:| séra test.i i statistikte
anl amléel éjéné belirl emeye HRdhk Wilcaxdn, i stati

taraféndan 1945 vy\dréinlder iomr tdajaé |-é&nkémerkd réma |

dej plhsametri k ol mayan test y°ntemlerine i/l

testi de bu gi bi durumlarda tergkh edil m
°rneklem ve normal dajél émlé ol mayan ver.i
i ki veri seti araséndaki fark aléneéer. Fark
doj ru sénr altaannéer . g° z | ®m G BHE N ve

Ow OB dejJ i kkenl erindefmarKkKluaxraéan vrauti | @let d

denklem (2.30)d6daki gi bi hesapl anmaktadeéer .
Os w bs ¢ phiBr @& T
Farklarén ikaretine g°re pozitifawmérnegat.

Ardéepdantif ve negatif dejerlere atanan sz
al eneégt vieejpérmir ak deOee0 hepotezieri(2.31)ive (2.32)

numaral é exkitliklerde g°steril mektedir.
O 1 C® p
Od M daQQWHEQI Q ® ¢



W wiseOhipotezi reddedi lir. Yani aradaki
WistatistiksoeiseWilesxomdeijrearnet]| i séra test.i
edi |l en s é[1bEg[d6],dAB.] er i di r
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31 ¢al ékma Al ané

VE DEI

Bu -al éeékmada heéez dojleSu(IntarpationaiGNSS Service) € r € | ma s
ajéna ait 31 adeterrst @syonnlulmlaandé@laiek © entl £

tespit et MekkamackEymat Teor emi di kkate al é

se-i |[M8]l. KsEt asyon i seaismiomdiar @én homoj en daj é

enl emsel farkl el éja ve ortak veriye sahip
Kull anél an | S riesst gaedglabthdl ddenémst asyonl ar a

konum bilgileri iseTablo3. 1 &etileni Kkt i r .

60° 120° 180° -120° -60° 0°

00
N
Y B S
8 KIRU, oy INVK™ o :(5'
o /ﬂ =

~
e
HERT - OB/ 7
&:}g'zscva CHuf

(? & o0
g"m.ﬁp NAUR KIR!

G
>

< < SAMO ;
TIDB cono
Pem s
HOB2
FALK
o0
Can® Sy O gm o PAOMI
-906s 60° 120° 180°  -120°  -60° 0590

kekiltalBékmada kull anélan 31 1GS

Tablo3.1Kul | anél an i stasyonl[a&S a ai

Nokt a 'l ke Enl emBoyl a|Y¢ksekl
ALRT Kanada 82.494 -62.340 78.110
BAKO Endonezya -6.490 106.850 158.180
CAS1 Antarktika -66.283 110.520 22.600
CHUM Kazakistan 42.999 74.751 716.332
CORD Arjantin -31.528 -64.470 747.065
DAV1 Antarktika -68.577 77.973 44.500

t

i stasyo

nokt a



Tablo31Ku | | aistagybntara ait nokta konum bilgilerigll( d e v a mé )

DUBO Kanada 50.259 -95.866 251.000
FALK Fal kl and| -51.694 -57.874 50.841
HERT Birl eki k| 50.867 0.334 83.300
HOB2 Avustralya -42.805 147.439 41.000
INVK Kanada 68.306 | -133.527 46.360
KIRI Kiribati 1.355 172.923 36.200
KIRU Ksve- 67.857 20.968 390.900
KOUR Franseéez 5.252 -52.806 -25.570
MAW1 Antarktika -67.605 62.871 59.200
MCM4 Antarktika -77.838 166.669 98.022
MGUE Arjantin -35.777 -69.398 1554.150
NAUR Nauru -0.552 166.926 46.300
NRIL Rusya 69.362 88.360 47.894
OHI3 Antarktika -63.321 -57.901 32.150
PALM Antarktika -64.775 -64.051 31.239
PENC Macaristan 47.790 19.282 291.700
PERT Avustralya -31.802 115.885 12.700
PNGM Papua Yeni Gine -2.043 147.366 116.300
SAMO Samoa -13.849 -171.738 76.900
SCH2 Kanada 54.832 -66.833 498.200
THU2 Gr°nl an 76537 -68.825 36.200
TIDB Avustralya -35.399 148.980 665.372
TIXI Rusya 71.634 128.866 46.985
TRO1 Nor ve- 69.663 18.940 138.000
ZECK Rusya 43.788 41.565 1167.000
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32 GPS Verileri ve Dejerlendiril mesi

JPLO6e ait National Aeronaut-iJetPBropalsiod Space /
Laboratory (JPL) web sitesinden cojrafi K 1
koor di nhkadileriveanevsimget ahmi nl ere, zaman seril eri
veriler hakkeéendmektcoir k gkl ler 8. 20 da& € |[J&hidle ai

sitesinin ekran g°re¢nteéegse °rnek ol arak ver

&« O tps//sideshow.jpl.nasa.gov, T A b s

Jet Propulsion Laboratory
California Institute of Technology

Geodetic Positions and Velocities || Cartesian Positions and Velocities
Break Estimates || Seasonal Estimates
Time Series || Residuals
Introduction || Reference

ABO1 ABO2 | ABO4 ABOG ABO7 | ABO8 ABO9 | AB11 AB12 AB13 AB14 AB15 AB17 AB18 AB21 AB22 AB25

k e k i2 Jet PBopulsion Uaoratory web sitesi?D]

20006den fazl a al é@écédan al @énan veriler N /

analiz edilnektedir JPH&3 na s Nokta KonumBipgyxdér ma m

yazél émé zaman serilerinin ve é@akiadéveri ¢
kekil3. 26 deki haritada her istasyon yexkil nok
saré -izgilerle g°sterilmektedir. Haritandée
yer al maktadeéer . Kstasyon isimlerinin ¢zer
serierine ve héez kesti 20lml erine ul akélabil me
Wang vd. dédnin -alékmaséndan yola -ékarak ©°1
seti kul2la2@16nékket?7, 2018 ve 2019 yeéllar

yé¢ksekl i k bkberdnhatl ane é&eki3I 2roalelkii v emnidlee
konumlar ve heézl ar e KE®&mpam,yna ewme reil Ideer ie dJ R Lmd
verisinden al &Refarans &istergiri@&Si4, teferans elipsoidi ise
GRS8O0[AH i r

11



Kp indeksi, yer tabah é manyetometrel erden al énan °
jeomanyeti k aktivite i ndeksidir. D¢nyadak
edil en veril er d®8snatlikkpr d rnldeerké&li malkutl a duesr .Bar t e
19496da tkpméeksellileBdat €rl. eri ar ag2@]naBla dej i K me

Tablo3. 2&Kdei ndeksine ait dejerler ve a-eéeékl|l am:

Tablo 3.2 Kp indeksi[22]

Kp indeksi Jeomanyetik Enlem Aktivite

0 66A ve dahg Sakin

1 64.5A Sakin

2 62. 4A Sakin

3 60. 4A Kar ar s é z

4 58. 3A Aktif

5 56. 3A Ke¢-¢k Feér

6 54. 2A Orta Feér

7 52.2A Ge-1 ¢ Feér

8 50. 1A kiddet! i

9 48A ve dah; Akéreée Fe
Kampanya °Il -¢mlerini dejerlendirmek i-in h
Bu gesmrl-elKp rikrecheksi <4 ol an yani jeomanyetiKk

arackteredarMky &+ tarihl eri uygun bul unmuckt

Tablo3. 86 kampanya °I|l -¢mlerinde se-ilen g¢nloe
Kp i ndeksi dej er lierair e giPiset-00r33l cheker rni +i f ¢
etmektedir.

12



Tablo33Kampanya

gkpn lierd enkes Zd ej er | er i

Genl | Yeéel | Kp Kndeks

24 Mg 2016 1+ 1 1 2+ 1+ 0+ 1- 1-
2017 1+ 1 1 1 1- 0+ 0+ 0+
2018 1 1+ 0+ 0+ 1- 1- 0+ 1-
2019 1 2- 0+ 0+ 1- 1+ 2- 1+

25 Mg 2016 | O+ 1 0+ 1 1- 0+ | O+ 0
2017 0 0+ 0 0+ 1 1 0+ 1
2018 1+ 0+ 0+ 0+ 1+ 0+ 0+ 0+
2019 | O+ | O+ | O+ | O+ | O+ 2- 1+ 1

26 Mg 2016 0 0+ 0+ 0+ 0+ 1- 1+ 1
2017 1 0+ 0+ 1- 0+ 0+ 1- 0
2018 0 1- 0+ 0+ 1- 0+ 1 1+
2019 | 1- 1- 0+ | 0+ | O+ 1- 0+ 3

13
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41 Héz Kestiri mi

Uyukumsuz °I -¢l er ayeéeikd tainra.rr a¥em oebliiird ldai | @ K 2 1
i -dynzelstandarsapmad e ] eRi Ai kat € nd3a nk altachrad asro nbr ay ¢ |
olan® | - ¢ | er rarsténtads sapnthel & s apl anméxkt ér . Uyukur
kal mayana kadar bu [24],{25]e Deaklemh(B2.M)-8282)oyed i | mi Kt i r
go°rme ke¢ - ¢khé&zarled tri r iMeiv sy anséell méekttkér .1y él |
Keklinde hesapl anméxkter

Hiz Kestirimi

Kuzey(mm/yil)
' g

50

: ““

20

10 b o 1 A0 u" ““"uh
. .

= = = Mmoo N = o [- Sl - 4 2 O = o ¥ =2 o T o =
$§:522:7838:882¢83¢832333:8:8£2::8¢~3°¢%
$2:38:5F08FEE3323"82REZEREZERZFER

istasyon isimleri

mKampanya m®JPL Surekli Veri

keki Kuze4b ill ekenine ait héz kestirim d

Hiz Kestirimi
40
30
20
= 10
s oWl H" | WO w W
T T = L1
£ 1 Il W I
= -20
=)
0 -30
S -40
-50
60
70
q-HHHEQMNum)—aoozxzxgxuol—nl:z:ln—(;rvl—
=222 z22832 5852283322585z 28Fz23
$iZ8:358gF28z323~3388280222¢EF 2z
istasyon isimleri
HKampanya MJPL Surekli Veri
keki Dodu2bil exkenine ait héz kestiri.,
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Hiz Kestirimi

20

10

OI_I | -'Illl'|||I||||

Yikseklik{mm/yil)

-10

ﬁ“\—tﬁg Q}jgwm;goggzgzggu%;waxngNE
EE%S%%E%§§:8§g§§¥§§m§g§§:222*§2
istasyon Isimleri
W Kampanya JPL Siirekli Veri
kekBY¢Msekl i k bilekenine ait héz kes:
kekil 4.1, 4.2 ve 4.3 O0te kuzey, doju ve
dejegPeteril mektedir. Ma v i s¢tunl ar kampa

turuncu sddmundlagn arrPd Ht uGPSwerisindenslde edilerr e k | i

hez kestirim dejerlerini temsi | et mektedi
istasyon isimleri9 ®Alen +90Ad6ye dYjgtray sl@irladseearma&ealrti & r .
verinin hez kestirim dejerl eri il e kampa
genelde 1l mmy@&ilvar énda wuyukmaktadeéer . D¢key bil
f ar k@mar @ekéddar- é k t éeprmektedit. z |

Her bir i stasyona ait kgkd d.4 vyekevkei | d ¢4k.eSy0t leé z
g°steril miktdg¢gk e yKue tnterypaibysekeenmdése boylam

dejerleri yer almaktadeéer. Yexil okl ar kamj
veride n , kermezé okl ar i se JPLOIin sitesindert
etmektedirD¢ k ey Dbi |l ekenl er(dkeuzZfualr kd anmréans & zeerl il me&
yé¢ksek enl emlerde g2zl emlendi]i go°r ¢l mekt e
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4.2 G¢ r ¢ Katalgeristikleri

BG: beyaz ger el te, KG: kerpéekma g¢r el teées
ol mak BG@€KE, BG+RYG, BG+KG+RYG Keklinde
ol ukturul muktur . ukstyaes ydoorjlraur 3g¢raey daernt akc a k
bl gelerine g°re sénéfl andér9%An®&wderéer . Kut
enl eml eri -6a0rAa-8wWeAda nbeml e+3i0 Aarvas énAd ae n6l,e ml
arasénda 4, O0OA ve 30A emllemleri aras&mda 6

90A enl eml e radeti ssrt easséyrochaa iasi & ATearbilloe r4 .yledrd ea |

kombinasyonlaraalt at a or t al amal arénén ©°zet -izelgge
42.1 BG

Beyaz &at agklubzgeey , dojubiwvleewerklserkil i k-1 n kam
s¢rekl i (228 (i2.e2r6d)e menklendendeny @r ar | anél arak ayr
hesapl Bremwawkt @ r gl sagréenkdlai veri nddneldek ampanya
edil en depeehea 10 k at kutur drdikerinia k ol duj
geré¢negrl ¢kl erini ,katyaet medgekeckys b enaae gl akl ar
s¢rekli veri ve -kampganyal geriwvgésekii kenmi
bil ekeninde daha geni K aral ek gzl endi]
g°st erirnkeakmpeadnya il e s¢redeé] earlesgsiechedm kel deard
yatay bilekenlerde ortalama 0.27 mm/yél, o
g%zl enmé&lke d keld. 48 ar asénda bilekenlere ait

hat al argeafikkemb ukluutnumakt adér
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4.2.2 BG+KG
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4.2.3 BG+ RYG

S¢r &PISibdeleche edi |l en BG+RYG dejerl eri i | e k aymeptaanyy al iattatdrzadn Ei2 -dimm/eyd é |l
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Yiikseklik Hatas1 [mm/y1l]
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4.2.4 BG+ KG+ RYG
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Tablo4.1Bi | exenl erin ge¢re¢lte kombinasyonl ar

Heé z S¢r ekl Ve r| Kampanyya Ver
Bel rs B | eken
(mm/ y&Kuzey/Doju |Y¢skselKuzey|Doju |Yekse
B G 0.0380.030/0.069/0.341|0.279]/0.626
BG+ KG 0.423/0.276|]1.762/0.678|0.482[3.236
BG+RYG |0. 806/0. 805[/0.808/0.934|0.924|1.114
BG+KG+RO0.9130.856/1.938|/1.112]1.022|3.352
Tablo 4.16e g°re kampanya verilerinden el

veriye g°re yatay mm/egkenlaeartde A5k ey bi l

mm/ yéel arték g°zlenmektedir

4.3 H é Test

Bu-al ékmada, s¢rekl i hezl ar il e kampanya
ol ukt ur mak tl® kekilr4.19 v& leekili4dPOO de Dbil ekenl ere ait
daj el emlaré 9@rsaéfersayeké eder . bir bil eken i
bil eken3742,i nddju bil ekeni i-in 0.2287, VY.

ol ar ak belHistemgmiakmt igr.afi kl eri nden daj el €
g°r ¢l meku egggezden par aWieltd o Xonol imagraent | i S

uygul anméxkter

Kuzey Bileseni Frekans Dagilimi
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Hiz Farklan

keki IKudz.ely8nh inleermet héz farké histogra
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Dogu Bileseni Frekans Dagilimi
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keki2aY ¢&k.sekl i k bil ekenine ait héz fark
31 adet °1|-¢ ve %95 g¢ven aral ejld7 i -in Wil

ol arak [@.EesmEkhésonucunda BOHerm Ri.r4 6btiel eod eu
i -1 n kabu%9 5 dg ¢ vmei nk gdr¢éezkelyii nvdee ksampanya zamar
el de edil en def or masyon oranl ar énén ar a
g°r ¢l melkabkelda r 4. 26de t est dejerl eri vV e d e

al makt adér
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Tablo42Héz bil ekenl erine ait

Héz Bi ® ® Dejerl en
(%95 ge¢ver

Kuzey 155 147 Okabul ed

Doj u 167 147 Okabul ed

Y¢ékse 221 147 Okabul ed

33
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TARTI k MA

Gobron vd. 6nin 2021 yeéléndaki atmosferik
al ekmfF|cllad edien 1 00 006den fazla i1 stasyonun

yararlanarak hesaplanane n k | i

S

u
k
s
0
S
S

g ¢ ¢l derek kdngpangar dereksé n i n

crekl i ol -¢l er i -1 n bu tez -al eékmaseénda
yuktuj] u g%rekli rmiekibt5eldei kekil 4.11 k ar k €l akt er él déj
utupl arekvadvojorada ve kutuplarda heéz bel ir
eyrettiiji ya da uyukumsuz °Il-¢lerin yer
l duj u g°rBUu mea&akt edmanén sonu-1| ar e il e Go
onu-|l arénén tam ddébaigelmk tugaKMamas@aeédn dae
ayeséenén Golkensagedea 0ot maséedeéer .
NGL-IGS14 - Up - Velocity uncertainties Lo
0.8
0.6 T
£
E
- 0.4 5
0.2
‘\ '\ ‘A”' "\ _ n 77‘/',',,. o
AT S B
e 0.0
-135%90°-45° 0° +45%90%135°
k eki Gobonvdd ¢ kbkeiyl ek ene ait héz bel7jrsizliiji
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NGL-IGS14 - Up

4'0 H 1 | | H H
PO i A T L o]
N . et 1
TS SRR . - Lo e
o : : : L :
£ 2.0 f-fesememss e apet - g g
E E ! : :
:b> [Tt e 3 _________________________ E __________ E‘“‘
1.0 +--HhG ooy LAY i i--
0.5 4-- ' .
0.0 F--t--meemee B Ao ,
90 -60 -30 0 30 60 90

Latitude [°]

k e ki Gobonvad ¢ kbeiyl ek ene ait héz beli7v sizIlijin

Zhangvdl1 997 yeél eénda [28hlp9% laaynl éka | 1é0k naaddeat GPS i s
ol ukan big¢rajteil B&ombinasyonl aréna ait
kar kel aBu é-r anée& K KeanadelinB BG-modelia g verileeedaha

-0k wuyduju sondablo 4.4 ilekeakriéll m@k3 ékéyasl anaca
BG+KGi -in yatay bilekenler en k°tg¢g dur umda
kal makBGaRY&ri.- in i se yatay umi ldefenller i niepiyk

sonu-Ilar ¢retmektedir

18,052 ZHANG ET AL.: ERROR ANALYSIS OF GPS POSITIONS AND VELOCITIES

Table 6. Site Velocity Uncertainties Extrapolated to a Five-Year Period

White Noise ~ Colored Noise Mixed Noise Mixed Noise Mixed Noise

a=2 a=0 “Best” Case,a=2  “Typical” Case,a=2 “Worst” Case,a=2

Observations b=0  by=05 b5=05 b =05 b=05 B=2  by=2 b =5 by=5

Frequency Number WN FN RWN WN+FN  WN+RWN WN+FN  WN+RWN WN+FN  WN+RWN

Annual 6 021 0.06 022 022 031 0.33 093 0.65 225
Semi-Annual 11 0.17 0.06 022 0.18 029 0.32 0.92 0.69 225
Monthly 61 0.17 007 022 0.19 0.30 0.35 0.94 0.75 227
Weekly 261 0.09 0.07* 0.22 0.11 025 0.31 0.92 0.74 2.26
Daily 1826 0.03 0.07" 022 0.08 023 0.30 0.90 074 224

kekBZh&ng vd. héez belifizlijinin kar
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Hol den vd. 2017 yél énda, kamg28ny a o1 - ¢
yayéml amékl|l ardér. YERE kKathpdwpédagonbePl - ma
i -in tasarl anan GNSSkdjakredka nl Oarl yEénégactkg ey € |\

ol ukmakKamp&mya veril eri I -1 n; Bernese héz
d¢keyde 2.3 mm/ yél i ken, Birl eki ke En K¢ - ¢ K
edilen heéez belirsizIliji yatayda 1.7 mm/yeél
d¢key heéez belirsizli]i i Bee HPe@ mml g&lmase E
cretilen dejerlerle uyukmaktadeéer.

Daha ©°nceki yélda bir yapgallandicikgpmar®yae®lP

aralejée yapél madejéenda, ,gekexibekéeekempl anl

kestirim hagialsie B¢ ynmdibtey aibmektedil{38]r Bu tez

-al ekxkmaséndbhekampharadakhaglme3d i egnektkve | eomat

ferteéenadan aréendedglzmgégm rmieklmfeklkeuet anél ar a
e

Py il Ktirme sajlanméxktér.
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SONUC¢

Bu tez -alékmasénda, s¢rekli GPS ve kampar

dojrul uj unun akmar-kléal nankétkétréerl.ma s é

Géneg meze kadar kampanya ©°I -¢mler i bir-ok
finansal késéetl amal ar hem de istenil er
kurul amayacajéndan dolayée kampanya y°nten
zaman serilelrt pen beygmandggrzaman korel asyo

yer al maktadeéer.

Mer kezi Limit Teoremi 6ne bajl e kalarak mir
Il stasyonu se-ilmiktir. Kampanya °1-¢mleri
ol an 24, 25, eribndnary ecl ukamalkt adér . Jeomanye
géenl er se--RDMPkyéeréenaodnapvt velRPUL&irn kudrmam é |
seri si verilerinden yararl anél méexteéer . Uy u
mevsi msel et ki éde &Eink kka¢t -e¢, ka | kkanrmeel ket r Y°nt e
kestiri mi yapél méexkt ér . Kampanya °1-¢mler i
kestirim dejer.i JPLOIiNn sitesinde yer al an

Gerelteg dejerl eri h esr appél kammad &gkgtragi tsgosngr, a bbeeyy
Yér &Y éK gerel teéese, beyaz+ ker pékma+ rast
kombinasyonl ar ol ukturul ar ak kKutu grafik

i stasyonlar 306ar artan enlemeb°fgekkéei ak

gzl enmi ktir. Wil coxon Kkaretl:] Séra Test
hezl ar araséendaki farklareéen anl aml él éjée t ¢
el de edilen heéezlar arasénda %95 gt¢evsepni td ¢ z
edi |l mi ktir.

Bu -al exmada Magr ylet ¢Di fxomm&Inl er i kul | aneé
°l -¢ml erinin hez kestirim belirsizlifji
belirsizlijini tam olarak belirleyebil mek
anal i z yapél maseé ger ekl i diyeterli uAimukta k kampa
ol madéej endan vV e I GS verilerinden sentet
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hesapl amal arda anten kurma hatasé hesaba |
el de edil ecektir. Bu y¢zden bu -al ékmada
edilerekhnem s ¢r ekl i GPS hem kampanya GPS i -in
ull anél mékteéer . B¢eten bileken ve geéréltg

ojrulukl aré kampanya verilerinden el de

Kk

d

yé¢ksektir., rylaeamydpidye kleinll ekene g°re daha
edi |l mektedir. Kut u grafiklerine gere gér
g°stermektedir. D¢key bilekende °zell ikl e
renkl i ger el t egnegn gelnmek t ®rdalré k tAAy n®e yhréezt t |
ul akabil mek i-in kampanya °I-¢mlerinden ol
serisinden daha wuzun ol mal edeér . Bu dojrul
i -in kampanya Zaman seri si Uzlumas @ unun

gerekmektedir.
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