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Introduction

e “vie Ism” is a module of “VieVS”, which estimates
geodetic parameters with least squares adjustment from
VLBI observations.

e All the parameters can be estimated as piece-wise linear
offsets (PWLO) in sub-daily and daily temporal resolution.
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Estimated parameters per session are:

Clocks (offset (cm), rate (cm/day), quadratic term
(cm/day?), PWLO (cm)),

Zenith wet delays (cm) as PWLO,
Troposphere gradients (cm) as PWLO,
EOP (mas and ms) as PWLO,

Antenna coordinates in TRF (cm) as one offset per session
or as PWLO,

Source coordinates in CRF (declinations in mas and right
ascensions in ms) as one offset per session or as PWLO.
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pwl offset estimates

epochs of estimates
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Partial derivatives of the delay model w.r.t. a
parameter’s first and second offset
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Least-Squares Adjustment in vie_Ism_v22

A = FA(l).sm A(15).sm] design matrix of real observation
- equations
‘H(@).sm - 0 |
H — : . . design matrix of pseudo-observation
' ' ' equations (constraints)
0 -+ H(15).sm |
he
APA+HRH CT]  [ATPoc+HTRoch] I
N = - b (due to NNT
C 0 c and NNR
conditions

parameter vector
(estimates)

X = N b m, (VT Pv + V-IEI I:)H Vi ) / (nobs + Neonstr — r‘|unk)

=m,N"~ » variance-covariance matrix of the
estimates
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Reducing large clock errors and correcting clock

breaks in a first least-sgaures solution
.= Vienna VLBI Software 2.2 Lo et

File  Parameters Estimation Global selution  Scheduling  Simulation Run Plotting  Help k]

P

VieW'5 estimation settings

First =olution

/| Run first solution (only following clack function) ﬁéWBh%IF@H%tBQQ r\?a(m)rﬁ% Bq% r&éjtléce{& aFﬁ?\ﬁlﬁfﬂén to
one offset per clock ﬁgﬁ)ﬁgrsom the observations and for fixing clock

QFS%?DATA/OUTUER/YOURDlR/YEAR/s;ESSNAM E.OUT

one offzet & one rate per clock

@ one offset, one rate & one guadratic term per clock

Wanualty find clock breaks

Wain solution KOKEE  MATERA  56457.213020833333
| Run main solution (parameter estimation) KCOFEE WETTZELL 56457.1412268351854 | |
/| Simple outlier test (¢ * m0) c FKCOEEE MATEERR S56457.383483796293 | |
= FCRTLEZER MATERR 5645T7.416435185187 I I
Normal outlier test (c * mD * sgri(gvv)) o | 1
KCEEE HMATEER S845T7.653912037036 I I
Apply bazeline dependent weights (only vie_lsm}) HCOBART12Z2 TIGOCONC S56456.8334203240740 | |
FKCOEEE NYRLESZ20 56457.141226851854 | |
! QoN™” I 1
+ | Estimate parameters (otherwise: onhy N matrix created) I Y I
.4 cvod
Write all parameters to ASCI file Save as... ) I““\(dnoﬁ{\a'
| I"qoW |
Allow for stationwise and sourcewise parameterization for each session 1 1 ° 1
o 2 ~ = Time
5 2 S H
2 X v
& i 3 3 2
E c = © -
® 7 I3 T 5
3 L

Save runp Save + Run
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Clocks
(Coefficients of a quadratic function and PWLO)

.
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File  Parameters Estimation Global selution  Scheduling  Simulation  Run  Plotting  Help N‘
Clock estimation (least sqguares) 14FEB20-E.OFT
CLOCEK BRERES: 5
I + | Use clock breaks (from OPT file) I EQOEEE 5670%.2087%6
A o KATHIZM  56709.266644
EATH1ZM 56709%.410324
piecewise linear (pwl)y offset per clock KOEEE 56705.530191
| offset & ; ek FATHI1ZM 56709.678519
Ao s STATTONS TO BE EXCLUDED: 0
@ pwloffset, one rate & one guadratic term per clock BASELINES TC BE EXCLUDED: 0
. . SOQURCES TO BE EXCLUDED: 0O
Cleck interval [min] 50
J| introduce relative constraints between pwl clock offsets z ?ETE?E‘; _Iili'_'_ers chmied
Clock constraints [cm] 1.3 after 50 minutes # outliers!
¢ cLocK mEFERENCE:
E WETTZELL
This combination adds relative constraints on the CLOCK BREAKS: 2
clock offsets. Actually, pseudo-observation equations  © 72.2%e: S s
are added to the design matrix which tell that the ¢ STATTONS TO BE EXCLUDED: 1
difference between two adjacent piecewise linear M
o 0 0 o # BASELINES TO BE EXCLUDED: 3
clock offsets is zero * a certain standard deviation 6.  : werrzerr  zerewcsr
. . . . # SVETLOE ZELENCHK
These constraints are mainly important to bridge # BADARY  ZELENCHK
gaps without observations to avoid singularity of the ¢ souces o e Excrooen: 1
. # 1536+055
normal equation system. e |
Save runp | SavesRun




Tropopshere delays
(Zenith wet delays, north and east gradients)
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— Troposphere estimation (least squares)
— Zenith wet delays
-/ | Estimate zenith wet delays

ZWD interval [min] &0
| introduce relative constraints between pwl zenith wet delay offsets

ZWD coenstraints [cm] 1.5 after 60 minutes

— lsradients
| Estimate north gradients

NGR interval [min] 360

| introduce relative constraints between pwl NGR offsets A Tt
NGR constraints [cm] 0.05 after 360 minutes
introduce absolute constraints between pwl NGR offsets + m
FIES T cin=k eepizier [epi] 01

| Estimate east gradients

EGR interval [min] 360

| introduce relative constraints between pwl EGR offsets
EGR constraints [cm] 0.05 after 360 minutes

intreduce abzolute constraints between pwl EGR offsetz

EEHEDE S Ea e e 01
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Earth Orientation Parameters

.- Vienna VLBI Software 22 — - [~
File  Parameters Estimation Glebal selution  Scheduling  Simulation Run Plotting  Help k]

ECQP estimation (least squares)

estimation interval [min] relative
I | Estimate Xpol (inter. pole coor. in TRF) 1440 | constraints [mas] 1.0e-4 after 1440 minutes I
+'| Estimate ¥'pol (inter. pole coor. in TRF) 1440 | constraintzs [mas] 1.0e-4 after 1440 minutes
| Estimate dUT1 (rotation angle) 1440 | constraintzs [mas] 1.0e-4 after 1440 minutes
+ | Estimate nutd= (CIP coor. in celes. long.) 1440 ¥ | constraints [mas] 1.0e-4 after 1440 minutes
+ | Estimate nutdy (CIP coor. in obliquity) 1440 ¥ | constraints [mas] 1.0e-4 after 1440 minutes

If you want to estimate one constant value per session, the
recommendation is to set the parameterization as shown above.
Very strong relative constraints of 1e-4 m(a)s/day take care that the
estimates are the same over the session.

Example: The session is from 18 UT to 18 UT. Then, three piecewise
linear offsets are set up for each EOP. (They are set up a midnight
before the session, at midnight during the session, and at midnight
after the session.) The strong constraints take care that all three
estimates per session are the same.

Save runp | Save + Run




Antenna TRF coordinates

Station coordinates estimation (least squares)

-= Vienna VLBI Software 2.2 [ -
File  Parameters Estimation  Global solution  Scheduling  Simulation  Run Plotting  Help L]

| Estimate station coordinates as one offset per session by introducing NNT/MNR condition eguations

+| Mo Net Translation (NNT}
+ | Mo Net Rotation (NMNR)

No Net Scale (NNS)

Non-TRF stations are estimated in any case! Select "Sessionwise parameterization™
to force fixing of alzo non-TRF =stations.

NNT and NNR conditions are imposed to provide the estimated
TRF would neither translate nor rotate w.r.t. the a priori TRF. Thus,
3 translations and 3 rotations between the estimated and a priori
TRF will be zero.

Non-TRF stations will not be a part of the datum when NNT and
NNR are introduced!

Non-TRF station coordinates will be estimated even station
coordinates are not estimated!

The scale of the estimated TRF for each session will be defined free
from the scale of the a priori TRF.

Save runp Save + Run
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Scan-wise update of normal equation system

1 A-matrix per scan

Scan 1 Agq Ngi1= Ay T -Pgq - A

Scan j Asj

j - number of scans in the session

Claudia Tierno Ros, Third VieVS user workshop, 11-13 September, 2012
6th VieVS User Workshop
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Conclusions

vie_lsm corrects clock breaks and detects outlier
observations.

vie_lsm provides SINEX input and datum free normal
equations for global solutions.

PWLO estimates of VieVS are in a good agreement with
those derived from other space geodetic techniques.

Scan-wise update of normal equation system ensures a
successful process of the future sessions with lots of
observations.

6th VieVS User Workshop 16



Vie LSM V2.2 (part 1: basics)

Thanks for your attention!
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