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M Lecture Introduction to Geodetic VLBI

Geodetic, Astrometric and Astronomic VLBI
What'’s the difference?

m Geodesy uses VLBI to derive earth bound parameters

m Astrometry uses VLBI to measure the position and
movement of astronomical objects

m Astronomie uses VLBI to image astronomical objects
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Lecture Introduction to Geodetic VLBI

m Baseline (station positions)
and source position must
y be in the same reference
frame

m 7 is what we observe with
VLBI

m Normal VLBI session
consists of a globally
distributed network
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Definitions

scan: a time period during which multiple stations observes the
same source simultaneously

Example: 5 stations observe source 0454-234

observation: a single baseline during a scan

. . ~1
Number of observations per scan: ngps = %
Example: ngs =5 — ngps = 10
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Earth orientation
From the International Terrestrial Reference System (ITRS) to
the Geocentric Celestial Reference System (GCRS) at the epoch

of the observation t
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Earth orientation

International Terrestrial Reference System Barycentric Celestial
Reference System

s N source
b 7 7 BCRS
bgcrs = PNRW -brgg \g/
J . Geocentric Celestial
O Reference System

retarded baseline
corr.
AN
gravitational
retardation

T inTT-frame
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Least Squares Method

Understanding LSM is necessary to understand results and
requirements for geodetic VLBI
— short introduction (unfortunately with some math)
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VLBI analysis flowchart
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'VLBI observables
(group delays 1)

a priori station
coordinates

instrumental
calibration

deformations

of the Earth
ionosphere '—) a priori Earth relativistic
orientation delay
troposphere |—> . model
source structure l—)
thermal deformation
| reduced observed delay | | theoretical delay |
least-squares adjustment
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station coordinates
source coordinates
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terrestrial reference frame
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a priori source
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Observation corrections

I VLBI observables

a priori station

coordinates coordinates

a priori source

(group delays 1)

instrumental
calibration

ionosphere |—>
troposphere I—)

deformations
of the Earth
a priori Earth relativistic
orientation delay
model

source structure '—)
thermal deformation
axis offsets

| reduced observed delay | |
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Observations are provided by
correlator

m NGS format (ASCII)
m VGOS-DB (netCDF files)

AVN school 8



m Lecture Introduction to Geodetic VLBI

Observation corrections NGS format

baseline

time

source

observation 7 (formal error)

cable calibration correction

meteorological observations
m ionospheric corrections
TSUKUB32 WETTZELL 0059+581 2014 06 17 17 02 57.0000000000

6179107.24911047 .00202 825648.6829278118 .00613
.00623 .00000 .00000 .00000 .735289988539280
.00 .0 .00 .0 .00 .0 .00 .0
-.00577 -.00206 .00000 .00000 .00000 .00000
21.005 17.000 1002.500 946.800 9¢.000 63.400
-3.2154615660 .00258 -.000288¢€440 .00525
©179107.24911047 .03704 825648.6829278118 .22030
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Observation corrections

VLBI observables |

a priori station || a priori source

(group delays 1) coordinates coordinates
instrumental deformations
calibration of the Earth
ionosphere a priori Earth relativistic
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source structure '—)
thermal deformation
axis offsets

I reduced observed delay |

| theoretical delay |

[ Jeast-squares adjustment
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I_)|

global solutions l

station coordinates
source coordinates

terrestrial reference frame
celestial reference frame
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instrumental calibration

stretching of cables introduces
an additional delay
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Observation corrections

VLBI observables
(group delays 1)

a priori station
coordinates

a priori source
coordinates

instrumental

deformations

THmet |

calibration of the Earth

ionosphere a priori Earth relativistic
orientation delay

troposphere model

source structure l‘—)
thermal deformation

[ reduced observed delay | |

theoretical delay |
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ionosphere

lonosphere is dispersive
(changes with frequency) for
radio waves

Observing two frequencies (X-
and S-band) at the same time
lets you calculate the
ionospheric correction

f2
—T5) s

(=7l g

2.3GHz
8.4GHz
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Observation corrections troposphere

a priori source
coordinates

a priori station
coordinates

VLBI observables
(group delays 1)

instrumental deformations
calibration of the Earth
ionosphere | a priori Earth relativistic
orientation delay
troposphere parameters model
source structure |

; :
Measuring tropospheric
parameters (e.g. pressure) on

[ reduced observed delay | [ theoretical delay | .
site

least-squares adjustment ‘

[ singlesessions ||  global solutions |
station coordinates terrestrial reference frame
source coordinates celestial reference frame

Earth orientation 2 i
clock parameters
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Observation corrections

VLBI observables
(group delays 1)

a priori station
coordinates
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source structure

m Source is not always
point-like

m Structure can change with
frequency
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Observation corrections troposphere
X-Band S-Band

Clean map. Array: BFHKLMNOPS Clean map. Array: BFHKLUNOPS
01084388 at 8.550 GHz 1995 Apr 12 0108+388 at 2.320 GHz 1885 Apr 12
T T T T T T T T T T
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Observation corrections thermal deformation

a priori station
coordinates

a priori source

coordinates

VLBI observables
(group delays 1)

calibration of the Earth

ionosphere '—) a priori Earth relativistic
orientation delay
troposphere I—) model

source structure —

I
thermal deformation }—)
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| instrumental |_, ‘deformalions
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Earth orientation geody i
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Observation corrections axis offsets

Axes of telescopes usually don't
intersect

a priori station
coordinates

a priori source

VLBI observables
coordinates

(group delays 1)

instrumental deformations .
calibration of the Earth (a) s

ionosphere o a priori Earth relativistic AN h
orientation delay R4 AN
troposphere |—> model L ™ P

source structure |—> - b hy -
fo— ,,\\ L
thermal deformation [—>{ v \‘\//’ 7
axis offsets \\ Kt
\ ~~ , VLBI reference
I reduced observed delay | | theoretical delay | \ € [ N /
P )
| least-squares adjustment ] elevation axis AO |
'
- - - . . i
| single sessions I—)l global solutions l poaltlve axis offact ( N ! hp
i di l ial refe fi :
station coordinates terrestrial reference frame . o !
source coordinates celestial reference frame azimuth axis 1
Earth orientation geodynami X
1

clock parameters
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The theoretical delay a priori coordinates

VLBI observables a priori station
coordinates

(group delays 1) coordinates.
instrumental deformations
calibration of the Earth
ionosphere o a priori Earth relativistic
orientation delay
troposphere |—> model

From TRS and CRS realisations

I reduced observed delay | I theoretical delay | ] IT R F20 14

| lelasl-squares adjustment ‘ [ | I C R F 2

| single sessions I—)| global solutions l

J a priori source I

station coordinates terrestrial reference frame
source coordinates celestial reference frame
Earth orientation geody i

clock parameters
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The theoretical delay

Lecture Introduction to Geodetic VLBI

deformations of the earth

Various models need to be

| VLBI observables

a priori station || a priori source

(group delays 1) coordinates coordinates
instrumental deformations
calibration of the Earth
ionosphere o a priori Earth relativistic
orientation delay
troposphere l—) model

source structure '—)
thermal deformation

| reduced observed delay | |

theoretical delay |

[ Jeast-squares adjustment |

| single sessions

H

global solutions |
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terrestrial reference frame
celestial reference frame

Earth orientation
troposphere estimates
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astronomical parameters
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The theoretical delay

a priori Earth orientation parameters

a priori station
coordinates

a priori source

VLBI observables
coordinates

(group delays 1)
insrumentl deformations A priori time series (e.g. C04)
calibration of the Earth .
ionosphere |—> a priori Earth relativistic from the Internat|0na| Earth
orientation dela; .
woposphere | e modsl Rotation and Reference
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Five Earth Orientation
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The theoretical delay

a priori Earth orientation parameters

Prazession/ ™ UT1-UTC 1997-2010,7
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XY}

06f 1

0.4f 1

0.2

1998 2000 2002 2004 2006 2008 2040
[Jahr]

21.03.2018 AVN school 21



m Lecture Introduction to Geodetic VLBI

The theoretical delay relativistic delay model

a priori station
coordinates

a priori source

VLBI observables
coordinates

(group delays 1)

of the Earth

ionosphere |—> a priori Earth relativistic
orientation delay
troposphere |—> model
e Relativistic corrections:
m Retarded baseline

| instrumental |_, ‘deformalions

I reduced observed delay | | theoretical delay | COrreCt on
| e | m Gravitational retardation
| single sessions I—)| global solutions l
station coordinates terrestrial reference frame
source coordinates celestial reference frame
Earth orientation geody i

clock parameters
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Least Squares Adjustment

a priori station
coordinates

a priori source

VLBI observables
coordinates

(group delays 1)
[ [t Now we have our reduced

calibration of the Eartl

ionosphere |1 a priori Earth relativistic observed delay and our
,+|_) orientation delay .

tropusphere model theoretical delay

source structure '—)

— we can build the observed

minus computed vector o — ¢

reduced observed delay | | theoretical delay an d ma ke a Iea st sq uares
[ lefsl-squares adjustment | ad _] ustment
[ singlesessions  |—{  global solutions | .
station coordinates terrestrial reference frame The results are the estimated
Ean}f(v;:ir::l:gz;difmws :eleslial reference frame parameters
Cloek parameters '
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Results single session

a priori station
coordinates

a priori source

VLBI observables
coordinates

(group delays 1)

instrumental deformations P rrma ry pa ram ete rs:

calibration of the Earth
ionosphere 1 a priori Earth relativistic m station pOSItIOﬂ
orientation delay
troposphere l—) model L.
source structure || B source position

m EOPs

[ reduced observed delay | [ theoretical delay |

Secondary parameters (can not
be modelled, and therefore have
to be estimated)

| least-squares adjustment ‘

single sessions (—{  global solutions |
—_ - m troposphere
station coordinates terrestrial reference frame
source coordinates celestial reference frame
Earth orientation g i [ | Clock
clock parameters
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Results global solution
Combination of single sessions
into one global adjustment.

Session specific parameters,

a priori station
coordinates

a priori source

VLBI observables
coordinates

(group delays 1)

instrumental
calibration

deformations

f the Earth
: = - such as troposphere and clock
ionosphere apriori E'anh relativistic
troposphere |—> orientation ::,ISZ] are red UCGCI

source structure l—)
thermal deformation
axis offsets

| reduced observed delay | |

Usual parameters:
m TRF
m CRF

[ lTsl—squaresadjuslmenl | = EOP

[ singlesessions |

theoretical delay |

global solutions

Special parameters

station coordinates
source coordinates

terrestrial reference frame
celestial reference frame

Earth orientation
troposphere estimates
clock parameters

2
astronomical parameters
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m axis offsets

m seasonal harmonics of
station positions

AVN school 25



Results
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Polar motion r;, v,

UT1-UTC

UT1-UTC (Intensives)

Celestial pole dX, dY

TRF (z,y,2)
CRF (a,0)

Accuracy

Product delivery
Resolution

Frequency of solution
Accuracy

Product delivery
Resolution

Frequency of solution
Accuracy

Product delivery
Resolution
Frequency of solution
Accuracy

Product delivery
Resolution

Frequency of solution
Accuracy

Accuracy

Frequency of solution

Product delivery
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50-80 pas

8-10 days

1 day

~ 3 days/week
3-5 us

8-10 day

1 day

~ 3 days/week
15-20 pas

1 day

1 day

7 days/week
50 pas

8-10 days

1 day

~ 3 days/week
5 mm

40-250 pas

1 year

3 months

Status 2010 of IVS main products (Schliiter and Behrend 2007)
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