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1. Introduction

=  “vie_Ism” is a module of “VieVS”, which estimates geodetic
parameters with Gauss Markov least squares adjustment
from VLBI observations.

= All the parameters can be estimated as piece-wise linear
offsets (PWLO) in sub-daily and daily temporal resolution.

= Station- and source-wise parameterisation allows to change
station- and source-specific parameters for each station and
source independently.
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2. Estimated parameters in vie_Ism

= Clock errors: 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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3. Piece-wise linear offset (PWLO) functions

pwl offset estimates
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4. Partial derivatives of the PWLO functions
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5. Least-squares adjustment in vie_Ism

A= :A(l).sm oo A(15).sm] ‘ design matrix of real observation
) B equations
H@).sm --- 0
H = : : _ design matrix of pseudo-observation
0 ... H(5).sm equations (constraints)

N = (due to NNT and NNR
C 0 b

c conditions

ATPA+HTPHH CT:| b_|:ATPoc+HTPHoch} b, is a zero vector

X=NTD ‘ parameter vector (estimates)

m, =" Pv+v, P,v,)/(n

obs constr T nunk)

KX =m, N~ ‘ variance-covariance matrix of the estimates
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6. Correcting large clock errors and clock breaks in a first
least-squares solution

4| Vienna VLBl and Satellite Software 3.1 — | >

File Models Estimation Global solution  Scheduling  Simulation  Run Pletting  Help k)

VieW's estimation settings

First solution

A first LS solution is done for reducing large clock errors
from the observations and for fixing clock breaks.

Run first solution (onty following clock function)
O one offset per clock

O one offzet & one rate per clock

@® one offset, one rate & one quadratic term per clock New outlier observations are detected and written to text files
VieVS/VLBI/DATA/OUTLIER/YOURDIR/YEAR/SESSNAME.OUT
Main solution
KCEEE MLTERS 56457.213020833333
Run main solution (parameter E%Sﬁl'l'lﬂtil:ll'l} E{DE{EE WETTZET_T_ 56&5? . l&lZ 2 635135&
[] simple outlier test (c * m0} E FKCOEEE HMATERR S56457.3834837962593
[] Mormal outlier test (c * m0 * sqritqv}) . FORTLEZL MATERE  56457.416435185187
KCEEE MALTERL 56457.653912037036
|:| Apply baseline dependent weights (only vie_lsm) ;
HCBARTI1Z2 TIGOCCHMC S56456.884803240740
ECOEEE HYALLESZ20 56457.141226851854

8 |

|
Estimate parameters (otherwize: only N matrix created) |
|
|

Write all parameters to ASCI file Save as... |
o . o . adot
|:| Allow for stationwise and sourcewise parameterization for each session (& ’
A\ \al
no
Add constant noise to observations [cm]: 1 : : QON :
Time
|:| Introduce elevation dependent noise (only vie_lsm) _E"' fu fu .g
s 5 - 2
2 3 5 a
c = ] pt
=i — _° _° =
£ 8 : : g
= = - -
g 3 : 3
(-~ = 8 =
3 [TT]
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7. Main parameterisation of least-squares adjustment in
VieVS

4. Vienna VLEI and Satellite Software 3.1 - O *
File Models = Estimation | Global solution  Scheduling  Simulaticn  Run  Plotting  Help k!
VieV'S estimation Least squares : Troposphere
RESSSn00 Kalman filter Clock
Run firs] Global parameters EOP

() one offest per clock Station coordinates

Source coordinates
O one offset & one rate per clock

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

Main =elution

Run main selution (parameter estimation}

|:| Simple outlier test (c * m0)

Ln

|:| Normal outlier test (c * m0 * sgri(gqvv))

|:| Apply bazeline dependent weights (onby vie_l=m)

Estimate parameters (otherwise: onby N matrix created)
Write all parameters to ASCI file Save as...

|:| Allow for stationwise and sourcewise parameterization for each session
Add constant noise to observations [cm]: 1

|:| Introduce elevation dependent noizse (only vie_lsm})

Save runp Save + Run
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7.1. Synchronisation errors between clocks

4| Vienna VLBl and Satellite Software 3.1

File Models Estimation Global solution  Scheduling  Simulation  Run  Pletting

Clock estimation (least squares)

Uze clock breaks (from OPT file)

Estimate clocks

D piecewise linear (pwl) offzet per clock
CI pwl offset & one rate per clock
@ pwel offzet, one rate & one quadratic term per clock

Clock interval [min] &0

intreduce relative constraints between pwl clock offsets

Clock constraints [cm] 1.3 after 60 minutes

This combination adds relative constraints on
the clock offsets. Actually, pseudo-observation
equations are added to the design matrix which
tell that the difference between two adjacent
piecewise linear clock offsets is zero * a certain
standard deviation c. These constraints are
mainly important to bridge gaps without
observations to avoid singularity of the normal
equation system.

— O x

& 1BAPR20A.0PT

CLOCE EEFEERENCE:
WETTZELL
CLOCE BEREAEKS: =2

MATEER
MATEER

57499 ,393345
57499.613565

STATIONS TO BE EXCLUDED: O
BASELINES TO BE EXCLUDED: O
SOURCES TO BE EXCLUDED: O
STATIONS TO BE DOWN-WEIGHTED: 0
NO CABLE CAL: 0O

i
m
i
m
i
o

VieVS
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Additional analysis comments (optiocnal):
Save runp Save + Run
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7.2. Troposphere delays (ZWD and gradients)

- O *

|4 Vienna VLBI and Satellite Software 3.1

File Models Estimation Global solution  Scheduling  Simulation  Run Plotting  Help

Troposphere estimation (least squares)

Zenith wet delays
Estimate zenith wet delays

ZWD interval [min] 60
introduce relative constraints between pwl zenith wet delay offsets red u Ced fro m
ZWD constraints [cm] 15 after 60 minutes o) b servations a
Gradients priorl tO the
Estimate north gradients . 5
NGR interval [min] 380 adJ UStment eStI mated

introduce relative constraints between pwl NGR offsets

NGR constraints [cr] 005 | after 360 minutes ATt (0(, g) =/HD m. (8) + ZD m,, (5)

introduce absolute constraints between pwl NGR offsets rOp

N | +m, (£) cot(e)[ G, cos(e) + G, sin(a)]

E=stimate east gradients
EGR interval [min] 350

introduce relative constraints between pw| EGR offsets -
EGR constraints [cm] 0.05 after 360 minutes estl m ate

estimated

introduce absolute constraints between pwl EGR offsets
EGR abz. constr. [cm] 01

Save runp Save + Run
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7.3. Earth Orientation Parameters

4. Vienna VLBI and Satellite Software 3.1

File Models Estimation Global solution  Scheduling  Simulation  Run  Plotting  Help

EQP estimation (least squares)

estimation interval [min] relative
Exztimate Xpol (inter. pole coor. in TRF) 1440 constraints [mas] 1.0e-4
Estimate pol (inter. pole coor. in TRF) 1440 constraints [mas] 1.0e-4
Estimate dUT1 (rotation angle) 1440 constraints [mas] 1.0e-4
Eztimate nutdx (CIP coor. in celes. long. ) 1440 constraintz [mas] 1.0e-4
Exztimate nutdy (CIP coor. in obliquity) 1440 constraints [mas] 1.0e-4

If you want to estimate one constant value per session, the

after 1440 minutes

after 1440 minutes

after 1440 minutes

after 1440 minutes

after 1440 minutes

recommendation is to set the parameterisation 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

Sawve + Run
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7.4. Antenna TRF coordinates

4. Vienna VLBI and Satellite Software 3.1 — O

File Models Estimation Global solution  Scheduling  Simulation  Run  Plotting  Help

Station coordinates estimation (least squares)

Estimate station coordinates as one offzet per session by introducing NNT/NMNR condition eguations
Mo Net Translation (NNT)
Mo Met Rotation (NNR)
] Mo Net Scale (NNS)

Mon-TRF stations are estimated in any case! Select "Sesszionwise parameterization”™
to force fixing of also nen-TRF stations.

e 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 selected as not to estimate!

e 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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7.5. Source CRF coordinates

|4 Vienna VLBI and Satellite Software 3.1

File Models Estimation Global solution  Scheduling  Simulation  Run  Plotting  Help

Source estimation (least squares)
estimation interval [min]

[] estimate source coordinates as pwl offsets 1440 relative constraints [mas] 1.0e-4

Only nen-CRF sources are estimated if this checkbox is ticked (select "Sessionwise parameterization™
if you want otherwise...)

Estimate coordinates of all sources with NNR condition |:| Use only ICRF2 defining sources for NNR

(only sources in the catalogue are included in the NNR condition )

Absolute constraint for sources [mas]: 1.0e3

Save runp

after 1440 minutes

Sawve + Run
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7.6. vie_Ism scan-wise update

[4\] Vienna VLBl and Satellite Software 3.1
File Models Estimation Global solution  Scheduling  Simulation  Run  Plotting  Help

Run options Sinex cutput
WigV's modules VieVs estimation settings

] Run vie_sched Sub-directory fi Run options

Run vie_init
Run vie_mod
|:| Run vie_sim

|:| Run vie_glob

Advanced options

|:| Use parallel processing auto
I Run vie_l=m scanwise update I . . . . .

T Uee dferent sub-rectores for (ntemmedite) vt For the VLBI sessions of which size of the design matrix and
observation weight matrix is too large (consists too many
observations) memory error occured in matlab. In order to get
rid of this problem this option should be selected!

Stop process list if there is an error in a session

VIE_GLOB directory settings
M-matrices (LEVELZ) directory: CJDATAJLEVELZY Set default
Sub-directory: TEST_LEVELZ
Output directory for VIE_GLOB: TEST_OUT

Save runp Save + Run
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7.7. Scan-wise update of normal equations

Scan 1 Ast Ng1=Ag1T Psq * Ags

Np= Ngp# N+ ...+ N

—_ T. )
b51_As1 I:)9,1 OCq1

ba= by b+ ... + by

Scan j A

] - number of scans in the session

Claudia Tierno Ros, Third VieVS user workshop, 11-13 September, 2012

\Ii GVS 9thVieVS User Workshop 2018

Vienna VLBI and Satellite Software

16



8. Conclusions

= vie Ism corrects clock breaks and detects outlier
observations.

= vie_Ism 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.

= Station-wise and source-wise parameterisation allows to
investigate on several site- and source-specific features.
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Vie_LSM 3.1

Thanks for your attention!
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Vie_LSM 3.1

Appendices

(Station- and source-wise parameterisation of least-
squares adjustment in VieVS)

\II e\ls 9thVieVS User Workshop 2018

Vienna VLBI and Satellite Software

19



A.l. Station- and source-wise parameterisation of least-
squares adjustment in VieVS

4| Vienna VLB and Satellite Software 2.0 — O >
File  Models Estimation Global solution  Scheduling  Simulation | Run | Plotting  Help E
VieW's estimation settings Sinex output
First solution VieV's estimation settings
Run options

Run first =olution (only following clock function)
O one offzet per clock
O one offset & one rate per clock

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

Main solution

Run main selution (parameter estimation )
|:| Simple outlier test (c * m0}

|:| Mormal outlier test (c * ml * sgri(gvv))

|:| Apply baseline dependent weights (only vie_lsm)

Eztimate parameters (otherwise: only N matriz created)

Write all parameters to ASCI file Save as...

Allow for stationwise and sourcewise parameterization for each ses=ion

Add constant noise to observations [cm]: 1

|:| Introduce elevation dependent noise (only vie_lsm)

Save runp Save + Run

\II e\ls 9thVieVS User Workshop 2018 50

Vienna VLBI and Satellite Software



A.1.1. Clock-wise parameterisation

(4] Untitled — O
vie_lsm [ single session first solution ]
parameterization for removing large clock errors main solution
apply first basic solution {only with clock function) apply main solution |
() one offset per clock sostreen!
L] simple outlier test [ coefficient * mo | 5

) one offset & one rate per clock
[Ibasic outlier test [ coefficient * mo *sqrt
® one offset, one rate, & one quadratic term per clock [ artqw)]

clock/s that have breaks in the session

Mo clock breaks
information!

use clock breaks (From OPT file)

reference clock for the first solution

FORTLEZA ~

FORTLEZA ot

MATERA

HART15M
NYALES20
TSUKUB32
WETTZ13N
WETTZELL
SEJONG
KOKEE
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A.1.1. Clock-wise parameterisation

[ vie_lsm_gui_clock

vie_lsm [ single session clocks ]

parameterization for clocks
estimate clocks
O piecewise linear (pwl) offsets per clock
O pwl offsets & one rate per clock
@® pwl offsets, one rate, & one quadratic term per clock

infroduce relative constraints between pwl clock offsets

- Default reference clock has not any clock break.

- Reference clock is the first clock in the NGS file

OR if any OFT file of the session exists fixed clock is from OFT file
- Unit of clock estimation intervals is minutes.

- Unit of clock constraints is centimeters

E.g. 1.3 cm after 1 hour is relatively loose.

- O
clock constraints| clock interval | reference clock
FORTLEZA 1.3000 60
MATERA 1.3000 60 L]
HARTI5M 1.3000 60 L]
MYALES20 1.3000 60 L]
TSUKUB32 1.3000 60 L]
WETTZ13N 1.3000 60 L]
WETTZELL 1.3000 60 L]
SEJONG 1.3000 60 L]
KOKEE 1.3000 60 L]
Back Next
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A.1.2. Station-wise troposphere delay parameterisation

[ vig_lsm_gui_tropo — O =

vie_Ism [ single session troposphere ]

apply relative constraints between tropospheric offset estimates
- unit of estimation intervals is minute.

B e s L= - unit of ZWD relative constraints is cme.g. 1.5 cmafter 1 hour is
relatively loose.
introduce REALTIVE CONSTRAINTS between pwitropo. NORTH GRADIENT offsets - unit of NGR & EGR relative constraints is cm, e.g. 0.05 cm after § hours
iz relatively loose.
introduce RELATNE CONSTRAINTS between pwl tropo. EAST GRADIENT offzets
- unit of NGR. & EGR absolute constraints is cm, e.g. 0.1 cm absolutely
lnose.
|:| introduce ABSOLUTE CONSTRAINTS between pw! tropo. NORTH GRADIENT offsets
|:| introduce ABSOLUTE CONSTRAINTS between pwl tropo. EAST GRADIENT offsets
IWD coef. |MGR rel. coef.| EGR. rel. coef. MGR. abs. coef. EGR abs. coef.] ZWD int. MGR. int. EGR int. est. ZWD ect. MGR est. EGR
FORTLEZA 1.5000 0.0500 0.0500 0.1000 0.1000 [:1] 3ol k1] =1 [+ ||
MATERA 1.5000 0.0500 0.0500 0.1000 0.1000 60 360 360
HART15M 1.5000 0.0500 0.0500 0.1000 01000 60 360 360
NYALES20 1.5000 0.0500 0.0500 0.1000 0.1000 60 360 360
TSUKUBS2 1.5000 0.0500 0.0500 0.1000 0.1000 60 360 360
WETTZ13M 1.5000 0.0500 0.0500 0.1000 0.1000 60 360 360
WETTZELL 1.5000 0.0500 0.0500 0.1000 0.1000 60 360 360
SEJOMG 1.5000 0.0500 0.0500 0.1000 0.1000 60 360 360
KOKEE 1.5000 0.0500 0.0500 0.1000 01000 60 360 360
Back Next
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A.1.3. Selecting TRF datum stations to introduce
NNT/NNR

Case 1: NNT/NNR
(one coordinate offset per session)

[4] vie_lsm_gui_statcoor — O

vie_Ism [ single session station coordinates ]

general options for estimation of stations coordinates = e o XYZ et | constraints |coor. intervals
estimate station coordinates FORTLEZA L 10 360
MATERA L] 10 360
@® one offset per session HARTI5M L] 10 360
NYALES20 L] 10 360
® NNT/NNR

TSUKUB32 L] 10 360
) Fix some stations WETTZ13N 1 L] ] 10 380
WETTZELL L] 10 360
C pwl offsets per session SEIONG ] ] ] 10 260
KOKEE L] 10 360

Unit of TRF relative constraints is cm, e.g. 10 cm after 6 hours is relatively loose. Back Next
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A.1.4. Selecting TRF datum stations to fix a priori
coordinates

Case 2: Fix some station coordinates
(one coordinate offset per session)

|4 vie_lsm_gui_statcoor — O

vie_Ism [ single session station coordinates ]

general options for estimation of stations coordinates

MMT MME MMS XYZ_est constraints | coor. intervals
estimate station coordinates e o o 10 360
MATERA Ol Ol 10 360
@® one offset per session HART15M ] L] 10 360
O NNT/NNR NYALES20 Ol ] 10 360
TSUKUB32 L] L] 10 360
@ Fix some stations WETTZ13N [ [ [ 10 360
O pwl offsets per session WETTZELL H H 10 260
P Pe SEJONG | ] Ol 10 360
KOKEE L] L] 10 360

Unit of TRF relative constraints is cm, e.g. 10 cm after 6 hours is relatively loose. Back Neact
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A.1.5. Estimating sub-daily station coordinates as PWLO

Case 3: Fix some station coordinates
(estimate sub-daily TRF coordinates as CPWLO )

[ vie_lsm_gui_statcoor

general options for estimation of stations coordinates

vie_Ism [ single session station coordinates ]

MMNT MME MMS KL _est constraints | foor. intervals

estimate station coordinates — L L 10 360

MATERA L] ] 10 360

O one offset per session HART15M L] L] 10 360

NYALES20 L] ] 10 360

TSUKUB32 L] L] 10 360

WETTZ13N Il L] L] 20 60

® pwl offsets per session WETTZELL N 20 <

s pe SEJOMG ] L] L] L] 10 360

@ Fix some stations KOKEE ] [] 10 360

introduce relative constraints between pwl coordinate offsets < s

Unit of TRF relative constraints is cm, e.g. 10 cm after 6 hours is relatively loose. Back Next
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A.1.6. Source-wise parameterisation

[4] vie_lsm_gui_socurcoor O
vie_Ism [ single session source coordinates ]
estimate coordinates of sources as pwl offsets [ all the unselected sources will be fixed to CRF ]
intfroduce relative constraints between pwlo source coordinates

source name |total observations)  est. coor. constraints | coor. interval

1 |0202+319 374 1.0000e-04 1440 P
2 |o716+714 589 O 1.0000e-04 1440
3 |0821s304 128 O 1.0000e-04 1440
- unit of constraints is mas. 4 |0420-014 1189 ] 1.0000e-04 1440
- unit of coordinate estimation intervals in minutes. 5 |0J2a7 196 ] 1.0000e-04 1440
- Please, fix at least one source which has more than 6 |0347-211 16 ] 1.0000e-04 1440
.1 observation _ 7 |1147+245 40 ] 1.0000e-04 1440
if you select estimate sources 3 |0920-397 & ] 1.00008-04 1440
- Non-CRF sources will be estimated as default. 9 |2227-088 24 ] 1 0000e-04 1440
10 [1324+224 34 ] 1.0000e-04 1440
11 [1030+415 267 O 1.0000e-04 1440
12 [2318:040 59 O 1.0000e-04 1440
13 [2052-474 10 O] 1.0000e-04 1440
14 [3C371 512 O 1.0000e-04 1440

15 [1635:473 85 O 1.0000e-04 1440 v

Back Next
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A.1.7. vie_lsm single session output parameterisation

for global solution

Y vie_lsm_gui_global

vie_Ism [ single session output ]

Estimate parameters according to the options in previous GUIs

] Prepare N_global and b_global
for global solution

No parameters are reduced. (Reduction can
be done in VIE_GLOB.) Constraints according
to previous GUls. Conditions on station
coordinates are removed. N and b wil be
stored in DATA/LEVELZS

Add extra parameters to the N matrix

[ source coordinates (all sources - datum free)

write data into SINEX file (DATAISNX/)

include into  reduce from
parameters SINEX file N_sinex
clock parameters @
zenith wet delay D @
tropospheric gradients (:j @

include into
parameters SINEX file
source coordinates
station coordinates @
EOP (O]

Back

reduce from
N_sinex

ATTENTION! Don't estimate sources from single session if you want to store them in the N matrix!l!

Finish

VieVS

Vienna VLBI and Satellite Software

9thVieVS User Workshop 2018
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