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Scheduling Measurement & Correlator Analy@Center Solution
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High speed
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courtesy A. Iddink
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Least Squares Adjustment
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g From Observations to Parameters universitétbonnl

» given: delays with standard deviations (b)

» we look for: station positions, ... (x)

Scheduling Measurement & Correlator Analy@Center Solution

b=¢(x)=A x
A=

v

a priori values necessary if equations are non-linear

v

observations have to be weighted

v

equation system overdetermined

v

equation system singular
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Parameter Adjustment

e-igg

universitétbonnl

b

Classical Least Squares /

Kalman Filter j
Least Squares Collocation 0 Ax

Ax — b

v v

v

gradient of |[Ax — b3 = (b — Ax) vanishes = 0= ATr=ATAx - ATb

r=Ax—b idea: r? — min

= (ATZ,Ax=ATZ b

functional
model

weighted
LSQ

adjustment

. covariance
residuals .
matrices
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g Quality Assessment universitétbonnl

functional
model

weighted

q LSQ
2. = (ATA) adjustment
¥, =1-AX A"

covariance

residuals :
matrices
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Observation Equation
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Geometry
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‘s igg Baseline at current epoch universitétbonnl

W | (ERS Conventions

- » tectonics

Pogy, ;"
rep laciy; . .
earthquakes iy e » solid Earth tides
» ocean loading
» pole tide loading
- » deformation due to polar motion
2 © s . c .
L 3 2 » tidal atmospheric pressure loading
= v,
s £5% Inner Quter g
g 3 torqué
(=] 3 “s .
s Vst » thermal expansion
e » non-linear station motions
o -~ bosan leading » non-tidal atmospheric pressure loading
ressure WoNiag of los » hydrological loading

http://geodesy.agu.org
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+Sigg Earth Orientation universitétbonnl

R=W-S-Q
= x;(t) = RTr(t)
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g Relativistic Effects universit'atbonnl

https://schwertasblog.files.wordpress.com

SSB
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*e-igg SSB Representation universitétbonnl

account for the motion of station 2 during the
propagation time between station 1 and station 2.

Xi(t1) = Xg(t1) + xi(t1),

Xo(ts) = Xo(t1) — V—C@(k 'b)

SSB

T. Artz 12. March 2016 B25 Folie 13



+$ige Gravitational delay universitétbonnl

general relativistic delay, ATy, for the Jth
gravitating body

GM, In |R1J|—|—K-R1J

AT, =2 :
gravy c3 |R2J| + K- R2J
delay due to the Earth, AT,

GMg , |x1] + K- x;
AT, =2 | .
grave 3 Ixo| + K- xo

total gravitational delay is the sum over all
gravitating bodies including the Earth

ATgrav - Z ATgrav_,-
J

https://schwertasblog.files.wordpress.com
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Computing Scheme

u niversitétbonnl

. estimate the barycentric station vector for receiver 1

Xi(t1) = Xg(t1) + xi(t1)

K- (X(t1) — Xi(t1))

ty, = min | ty, t; —

= Ry () = Xa(B) = X)(0,), Ro, =Xa(t) — ~2(K -b) ~ X,(n).

. estimate the differential gravitational delay for each of those bodies.

GM, In |R1J|+K~R1J

AT, =2 .
gravy c3 |R2J| + K- R2J

. find the differential gravitational delay due to the Earth.

QGM@ In |X]_| + K + X1
c3 |X2|+K-X2‘

A Tgrav@ =

. Sum to find the total differential gravitational delay ATgray = > ATgray,
. Compute the vacuum delay

c c? c2

ATy, — B |1 U Bof! _ Vope) _ ¥ob(y 4 R vg/2c)

t, — ty, = =
Vo %1 1 + K.(V@+W2)
C

. estimate the vectors from the Sun, the Moon, and each planet except the Earth to receiver 1.

T. Artz
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Hlige Tropospheric Propagation Delay universitatm

—_—
Oterop = 107° / Nds
S
A =107° /(Nh(T> p) + Nw(T,p,e))ds
7 S

Earth Ottrop(€) = Otar p - Mp(€) + Otar,w - My (€)

Nilsson et al. (2013)

0.0022768 - p
1 — 0.00266 - cos(2¢) — 0.28 - 10~5h

Otatm; = mp(€) + mg(€) - cot € (Gy cos @ + Ge sin @)

~

K- (W2 —Wl)

ty — t1 = ty, — ty, + Otatm, + (0tatm, — Otatm,)
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Mo igg lonospheric Propagation Delay universititbonn

CODE'S GLOBAL IONOSPHERE MAPS FOR DAY 181, 2012 — 18:00 UT

UPPER EDGE OF
IONOSPHERE

LOWER EOGE OF
IONOSPHERE

Geographic latitude (degrees)

45

Geographic longitude (degrees)

| —
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TEC (TECU) -sui-2012 1077]

OBSERVING
STATION

Tion, X = (Tx - Ts)

2 2

fX - fS

f2
Sovers et al. (1998) \ EARTH CENTER O-T,'on,x = \/ U72'X + 072'5 f-2 2 f2
X 'S
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e Instrumental delays universitétbonnl

¥

v o,

h -
3’/

.
.
,;’/ elevation axis

VLBI reference point
negative

axis offset

azimuth axis

Nothnagel (2009)

At = <rr (T (£~ Aty) = To) - (hy -sine)

+ 7, (T (t — Aty) — To) - (hp - sine
+ AO - cose + h, — F, - hs)]

AtizéAO\/l— (R-l)2
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Analyzing an Experiment
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Calibration

universitatbonn
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Hige Clock Synchronization

universitétbonnl

Ab =b — ((t2 — t1) + Tion + ATaxis + ATtherm + ATcaple) + Tei
Ab = A - Ax

b
Tel = Te) — T8

wil" = e e (T To) el (Ti = To)?

C

~ MASTER

-
2@ GPS Antenna connected
to GPS Recevier

SLAVES TTTSLAVES TTTTsLAVES

http://www.efftronics.com

delays provide only relative
information on clock behavior

T. Artz 12. March 2016 B25

Folie 21
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Lige Group Delay Ambiguities universitétbonnl

x = ( cly cli chi )

Plots for the session $020CT16XB, baseline view for the X-band (ambig. spacing, ns: 50.0)
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Ambiguity spacing can be determined from channels in bandwidth synthesis
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i Zenith Wet Delays & Trop. Gradients universitétﬂ

estimated = partial derivatives azimuthal asymmetries = estimation of troposphere
gradients in north-south and east-west direction
Tatw = at - my(€)
Or  OTatw mol©) or _ cos (v
LT oy —
dat Oat ONG  tane sin € 4 0.0032
or sin «
OEG  tane-sine+ 0.0032 )
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Hige Parameterization Refinement universitétbonnl
15 R {* -{H:‘ “* :"
! *; x i 3;: . CPWLF:
il S : f(t) :f(to) + I’1(t1 — fo) + rz(t2 — tl)
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¥ r :f(t,) - f(t,_]_)
- .ﬂ 2 IE :] ‘:ﬂ 1'2 |I‘ 1B ’ ti - ti_]_
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e Removing Outliers & Reweighting universitétﬂ

A fx)

Residuals[ps]

o rTWr
0y =
red
6’8,- _ rl-TW,-r,-
redg,-
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Insufficient a prioris universitstbonn

Plots for the session $020CT16XB, baseline view for the X-band (ambig. spacing, ns: 50.0) Plots for the session $020CT16X8, baseline view for the X-band (ambig. spacing, ns: 50.0)
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Res: GR delay, ns

Res: GR delay, ns

Insufficient

Plots for the session $020CT16XB, baseline view for the X-band (ambig. spacing, ns: 50.0)

a prioris

Plots for the session $020CT16XB, baseline view for the X-band (ambig. spacing, ns: 50.0)

universitatbonn

Res: GR delay, ns
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Plots for the session $020CT16XB, baseline view for the X-band (ambig. spacing, ns: 50.0)
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Plots for the session S020CT16XB, baseline view for the X-band (ambig. spacing, ns: 50.0)

Res: GR delay, ns
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+e-igg Initial solution universitétbonnl

estimate clock polynomial

resolve ambiguities

calculate ionosphere correction

estimate clocks and ZWDs: CPWLF with 300 min resolution

find and remove outliers

estimate clocks and ZWDs: CPWLF with 60 min resolution and 24 h troposphere gradients
find and remove outliers or possibly restore earmarked observations

export V4 DB

©o N o gk =
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Estimation of Target Parameters
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H igg Station Positions universitétbonnl

hois
_aATs—1
N=A% 'A
_ T
A N = UAU condition: optimal station estimates =- minimizing
o trace(Xx)
° o o Z =N~ 1
< © moq
Y :Z)\— cul, mi#ENAD
i=1 "'

Y

i
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+igg Datum: geometrical interpretation universitétbonnl
2D example
X A

100 0 -2z Y
B,= 010 Zz 0 =X
O a priori positions 0 01 — »/, X,' 0

— obs. network geometry

Y
A = ( o or Ot O O o1 )
- Tt 90Xy oY1 0721 o 0Xs oY> 0z, -
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$ige EOP determination universitétbonnl

10 V<01 [
2} V<03 [ |
g Ve O
- V<3 [ ]
] v<io
e ! V <30 A
< V<100
S V<300 v
(%) V<1000 <
Z o1
=
o
X
0.01
0.01 0.1 1 10 100 1000
Malkin (2009) Volume of network, MmA3
(%) .
EOP & & ERP
clocks A

can only be determined when station positions are fixed
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Global Solution and Combination

T. Artz 12. March 2016 B25 Folie 33



o-e.
!
-4
I

ige Global solution
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» Independent solution: reduction of parameters

ST
Ni11 Nip X1 ny : il
( N2 No2o x2 )\ m 0 —)
T ~ AT
= N11 X1 =N 2
CL
courtesy A. Iddink
N —1
Ni1 = N1z — N12N2o 7 "Npg
~ —1
ny = n; — N12N2» "no
» stacking of datum free 24h sessions
Ngo =Y N
. - - ST
» datum definition =
N_,+ = B WgzB
glo SO
» solution for TRF, EOPs, CRF, and ... courtesy A. Iddink
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EOP &
A NA "05 atmospheres LFEGI?GPS

due to stacking, even for fortnightly time spans |
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Combination Procedure
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SO

ST

SO

 —
I
I
 —
[
ST
E H
SO | H
ST

courtesy A. Iddink

EOPs

SO

T. Artz
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Relative Weighting of ACs

u niversitétbonnl

SO SO

courtesy A. Iddink

~2

Opj =

I EOPs
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r,-TW,-r,-
redg,-

r,-TW,-r,- = (A,')/EC - b,‘)T w (A,’)’ic - b,)

= %INi%c —2n] % +b” Wb;

1 -
red; = Nops,i — —2tr(N,'NC1)
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