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[»] “vie_Ism” is a module of “VieVS”, which
estimates geodetic parameters with least
squares adjustment from VLBI observations.

(»] All the parameters can be estimated as
continuous piece-wise linear offsets
(CPWLO) In sub-daily and daily temporal
resolution.



Estimated parameters are:

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

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

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

Source coordinates in CRF (declinations in mas
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Partial derivatives of the delay model
w.r.t. a sub-daily parameter
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A= A(l).sm A(15).sm design matrix of real observation
- equations
H@).sm - 0
H = : . . jl> design matrix of pseudo-observation
' ' ' equations (constraints)
0 -+ H(15).sm
bc is a zero
ATPA+H'P.H CT b_{ATPOC+ HTPHOCh} e
N = - (due to NNT
C 0 bc and NNR
conditions

parameter vector
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VieW's estimation settings

— First =olution

Run first =olution {only following clock function)

() one offset per clock

| one offset & one rate per clock

(@ one offzet, one rate & one guadratic term per clock

Manually find clock breaks

— Main =olution

Run main solution (parameter estimation}

Simple outlier test (c * m0)
N

Normal outlier test (c * m0 * sqriigvv))

Estimate parameters (otherwise: only N matrix created)

Write all parameters to ASCI file | Save as...

File  Parameters Estimation Global selution  Scheduling  Simulation

R

Set input files
Process list
’7—7 [T —
ECEEE MLTERR 56457.213020833333 [ Browse for process_lists ]
ECEEE WETTZELL 56457.141226851854
ECEEE MLTEERR 56457 .383483796233 [ Add previous ]

FCORTLEZ4 HMATERA 56457.416435185187
KCEEE MATERS 56457.6535912037036
HOBART12 TIGOCONC 56456.884803240740

KOEEE HYALESZ0 56457.141226851854 [ Clear selected

|
OFT file

OPT directory | WIENNA -

Qutlier file

Allow for stationwise and sourcewise parameterization for each session

Outlier directory |:] Eliminate cutlisrs

The first solution is meant to remove large clock offsets (and rates and

kilometers.)

guadratic terms) for numerical reasons. (Clock offsets can be several

Save runp ] ’ Save + Run
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— Set input files——— ‘ Least squares k Troposphere ]
— Process list—— Kalman filter Clock ]
m Global parameters EOP
Station coordinates
Source coordinates
| Add previous |
v| | Clearselected
— OPT file
OPT directory  WIENMNA W
— Outlier file

Qutiier directory |:| [] Eliminate outiiers




VLBI clock error

ATcl?lgly (t) _ ,Bo +,31(t _to) "',Bz (t _to)z ‘ g:gﬁrgtci)cc::lfolynomial for

CPWLO
AT

clk (t) = X+

-t CPWLO f
1 or each clock e.g. at
(Xz o Xl) ‘ each UTC integer hour (t1 and

1:2 _ t1 t2)

At (t) = Az'c‘?;:ly (t) + Az-gkp WLO (t) B total clock error at epoch t
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Clock estimation (least squares)
T —— kLOCE REFERENCE:
se clock breaks (from ile) WETTZELL
Estimate clocks
(7 piecewise linear (pwl) offset per clock CLOCE BRERRS: 0

STATICHNS TC BE EXCLUDED: 0O

() pwloffset & one rate per clock BEASELINES TO BE EXCLUDED: 0O

@ pwloffset, one rate & one quadratic term per clock SOURCES TO BE EXCLUDED: 0O
Clock interval [min] o6 | ,
fcutliers!
introduce relative constraints between pwl clock offsets ¥EBenedikt Soja 2013-04-20
Clock constraints [cm] after 60 minutes § Exa.mple
#
% CLCOCE REFEREMCE:
# WETTZELL
| | | i
# CLOCFE BRERES: 2

T@thlon adds relativ constralnts on th@@lﬁ@k- offsetsics
Aétual observatloq |ons are added to the design matrixwhich :
tell that the dn‘fer “‘between- two adjacent piéceétitse linear clock
offsets is zerp + a certain stanqﬁ?-ﬂ(dewatlon c.{(¥heseconstiaintsare:

9 TTZE AELENCHE

mqu 134 lIII|JUIJ_.ClIIL to uuugc gapg vvmguuu. @brSerVﬁtiQﬁS:) 0 aVOiGsx

S|r@ular|ty oféthe normal equatrpn system ) B

E.g i 3 f; # SOURCES TC BE EXCLUDED: 1
g3 £ 5 : # 1536+095

@ w

(%]

Save runp ] | Save + Run




Troposphere delay

=10° j [N, (s)+N,(s)]ds

trop

(o, &) =ZHDm, (&) + ZWDm,,(¢) + m, () cot(e) [ G, cos(ex) + G, sin(e) |

reduced from l l ’ Jl | l ﬂ '

observations a

trop

priori to the
adjustment
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Troposphere estimation (least squares)

— Zenith wet delays
Estimate zenith wet delays

ZWD interval [min]
B—

introduce relative constraints between pwl zenith wet delay offzetz
E—

WD constraints [cm] after 50 minutes

— Gradients
Estimate north gradients

NGR interval [min]

350
introduce relative constraints between pwl NGR offsets

MGR constraints [cm] m after 360 minutes

| introduce absolute constraints between pwl NGR offsets
0.1

NGR abs. constr. [cm]

Estimate east gradients

EGR interval [min]

introduce relative constraints between pwl EGR offzets

EGR constraints [cm] after 360 minutes

introduce absolute constraints between pwl EGR offsets

EGR abs. constr. [cm]




Ceser )
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ECQP estimation (least squares)

relative
Estimate Xpol (inter. pole coor. in TRF}) constraints [mas] after 1440 minutez
Estimate ¥ pol (inter. pole coor. in TRF) constraints [mas] after 1440 minutes
Estimate dUT1 (rotation angle) constraints [mas] after 1440 minutes
Estimate nutdx (CIP coor. in celes. long.} 1440 constraints [mas] after 1440 minutes
Estimate nutdy (CIP coor. in obliquity) constraints [mas] 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
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Station coordinates estimation (least squares)

Estimate station cocrdinates as one offset per zession by intreducing NNT/MMR condition equations

Mo Net Translation (NNT)
Mo Net Rotation (NNR)

No Net Scale (NNS)

Non-TRF stations are estimated in any case! Select "Sessionwise parameterization”
to force fixing of alzo non-TRF =stations.
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Source estimation (least =quares)

estimation interval [min
Estimate source coordinates as pwl offsets relative constraints [mas]

Only non-CRF sources are estimated if this checkbox is ticked (select "Sessionwise parameterization™
if vou want otherwise...}

after 1440 minutes
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VieW's estimation settings

— First =oluticn

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

one offset, one rate & one quadratic term per clock

Manually find clock breaks

— Main =olution

Run main solution (parameter estimation}

Simple outlier test (c * m0)
N

Normal outlier test (c * m0 * sqriigvv))

Estimate parameters (otherwise: only N matrix created)

Write all parameters to ASCI file

Allow for stationwise and sourcewise parameterization for each session




Session-wise parameterization

vie_Ism [ single session first solution ]
parameterization for removing large clock errors main solution

| apply first basic solution (only with clock function) 7| apply main solution

coefficient
one offset per clock

¥| simple outlier test [ coefficient * mo | 5
one offset & one rate per clock

basic outlier test [ coefficient * mo *sqri{gwv
® one offset, one rate, & one quadratic term per clock [ ant(qw) |

7] use clock breaks (From OPT file) clock/s that have breaks in the session
ZELENCHK

reference clock for the first solution

WETTZELL v
TSUKUB32

Mext

SVETLOE
ZELENCHK
ONSALAEB0
NYALESZ20
HARTRAO
KOKEE
WESTFORD
MEDICINA
TIGOCONC

17



vie_Ism [ single session clocks ]

— parameterization for clocks

estimate clocks
" piecewise linear (pwl) offsets per clock
" pwl offsets & one rate per clock
pwl offsets, one rate, & one quadratic term per clock

intfroduce relative constraints between pwl clock offsets

clock con straintsl clock interval | reference clock|

TSUKUB32

WETTZELL

SVETLOE

ZELEMCHE

OMSALAGD

MYALES20

HARTRAC

- Default reference clock has not any clock break.

- Reference clock is the first clock in the NGS file

OR if any OPT file of the session exists fixed clock is from OPT 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.

KOKEE

WESTFORD

MEDICIMNA

i e i Y

1.3000
1.3000
1.3000
1.3000
1.3000
1.3000
1.3000
1.3000
1.3000

1.3000
12000

533333333383
I T A =




vie_Ism [ single session troposphere ]

— apply relative constraints between tropospheric offset estimates

- unit of estimation intervals is minute.

introduce RELATIVE CONSTRAINTS between pw| ZENITH WET DELAY offsets - unit of ZWD relative constraintz iz cm e.g. 1.5 cm after 1 hour is relativehy

Inose.

= . TIVE CONETRAINTS RAD :
SEIIEEAEA LE EELD LT LLLANLE Euran - unit of NGR & EGR relative constraints is cm, e.g. 0.05 cm after 6 hours is

relatively loose.
=1 - TIVE CONSTRAINTS EAST GRAD f
inroduce RELA o een pwl tropo. & ENT of - unit of NGR & EGR absolute constraints is cm, e.g. 0.1 cm absolutely
lpose.

introduce ABSOLUTE CONSTRAINTS between pwl tropo. NORTH GRADIENT offsets

introduce ABSOLUTE CONSTRAINTS between pwl tropo. EAST GRADIENT offsets

NGR rel. coef JIEGR rel. coef, i.IGF‘. abs, coef.lEGF‘. abs, coef MGR int. EGR int. est, ZWD est. NGR | est, EGR. |
0.0500 01000 0.1000
0.0500 01000 0.1000
0.0500 01000 0.1000
0.0500 01000 0.1000
0.0500 01000 0.1000
0.0500 01000 0.1000
0.0500 01000 0.1000
0.0500 0.1000 0.1000
0.0500 01000 0.1000
0 0500 010008 1

TSUKUB32
WETTZELL
SVETLOE
ZELEMCHE
OMSALABD
MYALES20
HARTRAQ

KOKEE
WESTFORD
MEDICIMA

b o o o oo o000

<] [<] =] =] =] =] = = = [=
<] [<] [€] (<] (<] (<] (<] <] [« [«
HEEREREREEE

E2322233223




vie_lsm [ single session station coordinates ]

— general options for estimation of stations coordinates

=
=
—
=
=
==
=
=
L

MY _est | constraints |coclr. inter'.-'als|

10 -
10
10
10
10
10
10
10
10
10

estimate station coordinates TSUKUB32

WETTZELL
| @ one offset per session SVETLOE

@ NNT/NNR ZELENCHK
ONSALAGO

MYALES20

1 Fix some stations

) pwl offsets per session HARTRAQ
KOKEE

WESTFORD
MEDICIMA

1T Y

= EEEEEREEEEE
HEEEEEREEEEE
S EE=EEEEREEEEE

Unit of TRF relative constraints is cm, e.g. 10 cm after & hours is relatively loose.




(one coordinate offset per session)

vie_Ism [ single session station coordinates ]

— general options for estimation of stations coordinates——

=
—
=
=
LA

constraints |coor. intervals|
10 -
10
10
10
10
10
10
10
10
10

4N

estimate station coordinates TSUKUB32
WETTZELL

@ one offset per session SVETLOE

I NNT/NMR ZELEMCHE
OMSALABD

@ Fix some stations MYALES20

HARTRAD
KOKEE
WESTFORD
MEDICIMA

b Pl Vot a1 A

_) pwl offsets per session

EHHHHHHHHHH.E

A EEEEEEEEEE
HEEEEEEEEEE
T T Y T T

Unit of TRF relative constraints is cm, e.g. 10 cm after 6 hours is relatively loose.




(CPWLO coordinates)

vie_lIsm [ single session station coordinates ]

— general options for estimation of stations coordinates———

=
=

5]

constraints “:our. intervals

estimate station coordinates

©) one offset per session

@ pwl offsets per session

@ Fix some stations

intreduce relative constraints between pwl coordinate offzets

TSUKUB32

WETTZELL

SVETLOE

ZELENCHE

OMSALAGD

MNYALES20

HARTRAD

KOKEE

WESTFORD

MEDICIMNA

b e Tl Y

o EEEEE

fEEEEEEEEEE

I T ) T ) i

Unit of TRF relative constraints is cm, e.g. 10 cm after 6 hours is relatively loose.

’EHHHHHHHHH.E
q

10
10
10
10
10
10
10
10
10
10




vie_lIsm [ single session EOP ]

— Earth Orientation Parameter (EOP) pwl offsets estimation options

include mudel|5timatiun inten.ra||use cunrstrainis| constraints |

1440 1.0000e-04
1440 1.0000e-04
1440 1.0000e-04
1440 1.0000e-04
1440 1.0000e-04

Xpol (inter. pole coor. in TRF)

Ypol (inter. pole coor, in TRF )
dUT1 (rotation angle)

nutdx (CIP coor. in celes. long.)
nutdy (CIP coor. in obliquity)

< =] < = =
< =] < = =

- unit of estimation intervals is minute
- constraints are mas for EOP
- 2 mas after 1 hour is relatively loose constraints for EOP




vie_Ism [ single session source coordinates ]

estimate coordinates of sources as pwl offsets [ all the unselected sources will be fixed to CRF ]

infroduce relative constraints between pwlo source coordinates

SOUrCE Name |tota| observations

| constraints

coor. interval

10444719
1308+325
22014315
0655082
- unit of constraints is mas. 1034-293
- unit of coordinate estimation intervals in minutes. 1124-186
- Please, fix at least one source which has more 17194044
frhan 1 Ubser‘uratl_on aro74

if you select estimate sources

- Non-CRF sources will be estimated as default.

1351-018
0106+013
0749+540
02805+410
0743+259
2243123
ICIT

17384522
1954-388
1156+285
21214053

80
4
35/
T

OO0O0ROOOOOOOcOOEOOOoOO

1.0000e-04
1.0000e-04
1.0000e-04
1.0000e-04
1.0000e-04
1.0000e-04
1.0000e-04
1.0000e-04
1.0000e-04
1.0000e-04
1.0000e-04
1.0000e-04
1.0000e-04
1.0000e-04
1.0000e-04
1.0000e-04
1.0000e-04
1.0000e-04
1.0000e-04

1440
1440
1440
1440
1440




Session-wise parameterization

&Y vie_ |sm_gui_globa =

vie_Ism [ single session output ]

/| Estimate parameters according to the options in previous GUls

/| Prepare N_global and b_global
for global solution

Mo parameters are reduced. (Reduction can
be done in VIE_GLOB.) Constraintz according
to previous GUls. Conditions on station
coordinates are removed. N and b wil be
stored in DATAJLEVELZS

/| write data into SINEX file (DATA/SNX/}

include into  reduce from

parameters SINEX file N_sinex
clock parameters @
zenith wet delay =

tropospheric gradients @

parameters

SINEX file N_sinex
source coordinates
station coordinates @
EOP =]

include into  reduce from

Add extra paramefers to the N matrix

station velocities:

source coordinates (all sources - datum free)

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

Back Finizh

25
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Run options

— Scheduling

Run vie_sched

— Simulation

Run vie_sim

— VieV'S

() different subdirectories
ILEVELDY...

@ one subdirectory (recommended)

forworkshop

MLEVELTY...

MEVELSS...

vie_init -= |

vie_mod -» | vie_lzm -» |

/LEVELZS...

vie_glob -=|

Run vie_init
Run wie_mod

Hun vie_|sm scanwise update

Run wie_lsm

Run parallel

Info: Faster for =1 sessions, but

Number of cores |auto -

Command Window output is dizarranged

— Global =olution

Path to LEVELZ data

LEVELZ =ubdirectory

Qutput directory for vie_glob

| [DATAILEVELZ | | Getdefaut

TEST_LEVELZ
TEST_OUT

Run vie_glob

re— Er——




1 A-matrix per scan

Scan 1 Ng1=Asi T Pgy - Agy
Na = Ngi+ Neo+ ... + Ny
DEOIGIN WATRIA O RCAL
UBSERVATIONS (A)
| — T. i
bs1=Agq' -Pgq - OCqy
b= b+ byt ... + by
Scan |

] - number of scans in the session




Same procedure with H matrix: 15 H-matrixes

H1 N1= H1T'Ph ) H1

CONSTRAINTS MATRIX (H, Ny = N+ N+ ...+ N

H

b,=H,T-Ph, - oc,
N=AT-P-A > N=Nu+ Ny by=btbyt . +bg
b=AT-P-oc > b=b,+b,




vie mod successfully finished!

nunber of scans @ 1151

number of antennas : 11
number of sources : Te
numnber of obs. : 8817

2. CEEATING DEFAULT CFTICHS

3. FOBMING THE WEIGHT MATRIX OF THE COBSERVATICNS "Pobserv"
aEriuri ztd. dev. of unit weiaht. p 1.1217

ob=. of the antenna TSUEUB32 : 1857
obs. of the antenna WETTZELL : 2326
obs. of the antenna SVETLOE @ 2457
obz. of the antenna ZELENCHE : 1420
ob=. of the antenna COHNSALAGD : 2465
obs. of the antenna NYARLESZ20 @ 2354
obs. of the antenna HARTRARCO @ 1073
obz. of the antenna ECOKEE 1 1458
ob=. of the antenna WESTFCRED : 17&9%9
obs. of the antenna MEDICIHA @ 2269
obs. of the antenna TIGOCOHNC : 288
4. FOBMING THE REDUCED OBSERVATICON VECTOR "oc observ”

clock WETTZELL i=s selected as the ref. clock for the first soclution
chi-zsguared of first solution: 23.3353
5. FOBMING THE DESIGN MATREICES "A (1) .sm"

6. FOBMING THE CONSTRAIN MATRIX and WEIGHT MATRIX COF COMNSTEAINTS

7. ESTIMATING THE PARAMETERS WITH LEAST SQUARES

I''! zome or all station coordinates are not estimated (selected as fixed)!!!
clock WETITZELL is selected as the ref. clock for the main solution

chi-=zquared of main solution vITPv/deglfFreedom: 1.213&



detecting outliers

of outliers 2
writing outliers to file ..fDATAFDUTLIERfEOOBfGBHUGlEXA_NOO&.DUT
total 2 outlier observation=s are found but HOT eleminated

nam.

total number of estimated parameters: T35

total clock offsetsz: 238

total rate and guad. term= of clock funct.: 20
total zenith wet delay offset=s: 263

total tropo. north gradients: 53

total tropo. east gradients: o3

total pole coor. (x-pol) off=sets: 2

total pole coor. (y-pol) offzets: 2

total dUT1 offsets: 2

total celestial pole (nutation dx) offsets: 2
total celestial pole (nutation dy) off=ets: 2
total right ascension offset=s of sources : 4q
total declination offsets of sources : 4
antenna coor. dx offsets: 30

antenna coor. dy offsets: 30

antenna coor. dz offsets: 30

estimated parameters are saved as ../VieVS/DATA/LEVEL3/forworkshop/x 0SAUGLZNA NOO4.mat
estimation options are saved as ../VieV5/DATA/LEVEL3/forworkshop/opt OBAUGIZ2XA NOO4.mat

normal equation matrix is saved as ../VieVS/DRTA/LEVEL3/forworkshop/atpa OSAUGL2ZXA NOO4.mat

right hand side wector is saved as ../VieVS/DATA/LEVELZ/forworkshop/atpl O0S8RUGLZ2XA NOO4.mat
residuals are saved as ../ /VieVS/DATA/LEVEL3/forworkshop/res 0SAUGLZ2¥L NHNOO4.mat

Data for GLOBAL SOLUTICN is saved as ../VieV3/DATA/LEVELZ/forworkshop/08RUG12ZXA N004 an glob.mat
Data for GLCBAL SCLUTICH is saved as ../VieVS/DATA/LEVELZ/forworkshop/08AUGLl2XRA N0O04 par glob.mat

Data for GLCBAL SCLUTICH is saved as ../VieVS/DATA/LEVEL2/forworkshop/0S8AUGL2XA NOO4 Nb glob.mat

FEeduced W and b for SINEX output are saved in ../VieV5/DATL/LEVEL3/forworkshop/SINEX/




vie Ism corrects clock breaks and detects outlier
observations.

vie_Ism provides SINEX input and datum free
normal equations for global solutions (vie _glob).

CPWLO 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




Thank you so much
for your attention!



