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Introduction

* Onsala is the European station with the longest
history in VLBI, since 1968

* Onsala is active in both geodetic and
astronomical VLBI programs within the IVS,
EVN, GMVA

* Currently we operate 2 VLBI telescopes:

— 25 m for L- to C- band, (18 cm to 5 cm)

— 20 m for S-band to 115 GHz, (13 cm to 3 mm)
* We are building a VGOS twin-telescope
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VLBI-equipment at Onsala(1/2)

* We have had analog backend, Mark4 rack #2 (!)
— Problems in maintaining the old equipment
— Problems with modern requirements

* Since 2010 we have a digital backend, DBBC2
— Upgraded several times since then
— Tests for EVN and IVS (zero-baseline, ...)
— Operational use for EVN since mid 2013
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VLBI-equipment at Onsala(2/2)

*Our current equipment
— Markd5B+ connected to DBBC
— Mark5C, currently used as e-transfer machine
FlexBuff, future e-VLBI machine
* Equipment to be phased out
— PC-EVN, for real-time e-VLBI to e.g. Japan
* Mark4 rack is heading to a museum
* Mark5A will be an e-transfer machine
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VLBIl-equipment at Onsala

Left: Mark4
Right: DBBC
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Parallel observations Mark4/DBBC

*\We have done numerous parallel observations during IVS
sessions between 2012 and 2014, e.g.:
R1-sessions:

R1.553, R1.563, R1.566, R1.567, R1.569, R1.570, R1.572,
R1.573, R1.585, R1.591, R1.592, R1.598, R1.599, R1.600,
R1.601, R1.602, R1.604, R1.612, R1.615, R1.616

RD-sessions: RD.12.10, RD.13.01, RD.13.03, RD.13.06
EUR-sessions:

EUR.118, EUR.120, EUR.121, EUR.123, EUR.124, EUR.125
T2-sessions: T2.090, T2.093, T2.094
15 days of CONT14 campaign in May
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Parallel observations

* We did zero-baseline tests for these parallel
sessions using the DiFX installation at Onsala

* Furthermore, for several of these sessions both
the Mark4/Mark5A and DBBC/Mark5B+ data
were sent to the Bonn correlator

* The Bonn correlator did fringe-tests and
produced several databases with two Onsala
stations (ON - analog, OD - digital)
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Correlation and analysis results

— In the following we focus on a set of R1 and
CONT14 -sessions with both ON (Onsala
analog) and OD (Onsala digital):

R1553
R1563
R1566
R1567
R1592
R1612

120CTO1 C1404 14MAY09
12DEC10 C1405 14MAY10
13JANO2 C1410 14MAY15
13JANO7
13JULO1
13NOV18
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Example: R1.567 zero-baseline

S-band

Mk4/DiFX fourfit 3.8 rev 756

0800+618.wpscuq, 007-1714, WX
ONSADBBC - ONSALAGO, fgroup X, pol RR
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18 Exp.  R1567

P

Exper# 16383
Yr:day 2013:007
Start 171426.28
Stop 171559.72
FRT 171512.00
Corr/FF/build
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-49.9 -50.5 544 573 550 -49.0 473 577 -53.6
10569.4 95849 10459.7 8945.4 9344.4 92658 8052.0 Ampl 9623.2
451.1 4512 451.0 4517 451.7 4519 451.7 Sbd box 451.4
UL 7373 73/0 7310 7310 730 7310 7373 APs used
W 5010 5010 5010 5010 5010 5010 5010 PC freqs
X 5010 5010 5010 5010 5010 5010 5010 PC freqs
WX 61:136 168:133 8:78 77:88 -42:-47 -114:50 1412 PC phase
WX 0:0 00 00 00 00 00 00 Manl PC
W 24 22 22 20 21 2i 22 PCamp
X 25 24 24 22 23 22 22
w XooUXoiL  Xo2u X04U X05U Xo6u Xo7u XogUXooL  Chanids
racks
X00UXOIL  X02U X04U X05U X06U Xo7u X08UX09L  Chanids
X Tracks

Group delay (usec)
Sband delay (usec)
Phase delay (usec)

-8.23064039918E-05
-1.92638223304E+00
-3.78093981831E-05

Delay rate (usfs)

3.02254897572E-10
Total phase (deg) -

Apriori delay (usec)
Apriori clock (usec)
Apriori clockrate (us/s)
Apriori rate (us/s)
Apriori accel (us/s/s)

RMS  Theor. Amplitude 9598.447 +/- 0.136
phiseg (deg) 0.1 0.0 Soarch (256X256) 9225 956
ampfseg (%) 00 0.0 Interp. 9225.956
phirg deg) 42 00 Inc. seg. avg 9598457
ampffrq (%) 103 0.0 Inc. frq. avg 9623.221

W:az39.0 el42.9 pa-458

X:az39.0 el 42.9 pa-459
Control file: ./cf_1234  Input file: /Exps/r1567/1234/007-1714/WX..wpscuq  Output file: Suppressed by test mode

-1.96744755904E-05
0.0000000E+00
0.0000000E+00

-7.97208722291E-10

2.18162936353E-13

Peal mode: NORMAL, NORMAL
Pcal rate: -9.549E-09, -9.393E-09 (us/s) b window (us)

Bits/sample: 1
Sample rate(MSamp/s)
Data rate(Mbis): 160

u,v (frfasec) 0.000 -0.000

6.27219E-05  +-  B.OE-09

Resid mbdelay (usec)
Resid sbdelay (usec)
Resid phdelay (usec)

192636E+00  +/-  7.0E-07
-1.B1349E-05 4/  4.0E-10

16 r
nlags: 512 t_cohere infinite ion window (TEC) 0.00 0.0

Resid rate (us/s) 1.09946E-:09  +-  1.0E-11
Resid phase (deg) 536 -

Peal period (AP's) 9999, 9999

16.000
0025
0048

SampCniNorm: disabled

mb window (us)
dr window (ns/s)

iterative interpolator

Mk4/DiFX fourfit 3.8 rev 756

0.03 0.

0800+618.wpscuq, 007-1714, WX
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Amp. and Phase vs. time for each freq., 37 segs 2APs/ seg (2.56 sec/ seg. ) time ticks 5 sec
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-27.9 -299 -31.9 -32.4 -26.0 -315 Phase -29.8
94176 9479.2 7396.9 9188.3 9515.0 Ampl 90416
450.2 450.0 449.8 450.1 450.3 Sbd box 450.1
73/0 7310 7310 7310 7310 APs used
3010 3010 3010 3010 3010 PC freqs
3010 3010 3010 3010 3010 PC freqs
-120:119 178:150 115:-53 162:178 176:-178 PC phase
0:0 0:0 0:0 0:0 0:0 Manl PC
21 27 22 24 24 PC amp
23 28 23 25 25
sty s120 s13U s14U 15U Chan ids
Tracks
s11u s12u s13U s1au 15U Chan ids
Tracks

Group delay (usec)
Sband delay (usec)
Phase delay (usec)
Delay rate (us/s)
Total phase (deg)

phiseg (deg) 02 X

ampiseg (%) 09 00
phifrg (deg) 23 0.0
ampliiq (%) 82 00

W:az39.0 el 42.9 pa-458

1.16493006180E-04
-1.96555218479E+00
.69126555933E-05.
8.11392740543E-10

-45.

RMS  Theor, Amplitude
0.0

Apriori delay (usec)

-1.96744755904E-05

0.0000000E+00
0.0000000E+00

Apriori clock (usec)

Resid mbdelay (usec)
Resid sbdelay (usec)
Resid phdelay (usec)

Apriori clockrate (us/s)
Apriori rate (usis)
Apriori accel (us/s/s)

9034.452 +/- 0171

Search (256X64)  9018.164

Inc. frq. avg
X:az39.0 el 42.9 pa-45.9
Gontrol file: /ct_1234  Input file: /Exps/r1567/1234/007-1714/WX_wpscugq  Output fle: Suppressed by test mode

9018.164
9034.487
9041.634

-7.97208722291E-10

2.18162936353E-13

Pcal mode: NORMAL, NORMAL

Resid rate (us/s)
Resid phase (deg)

Pcal rate: -9.307E-09, -1.443E-09 (us/s)

Bits/sample: 1
Sample rate(MSamp/s): 1
Data rate(Mbis): 96

u,v (frfasec) 0.000 -0.000

‘SampCniNorm: disabled

1.36167E-04 4/ 59E-08
1965536400  +/-  13E-06
372382605 4+ 27E-09
1.60860E-09  +/-  5.0E-11
298 +- 0.0

Pcal period (AP's) 9999, 9999

b window (us)  -16.000 16.000
mb window (us)  -0.050 0.050
drwindow (nsfs) -0.175 0175

r
nlags: 512 t_cohere infinite ion window (TEC) 0.00 0.0

iterative interpolator
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Example: RD.12.10 zero-baseline

X-band S-band

Mk4/DiFX fourfit 3.8 rev 756 N 0322+222.wpquijd, 347-1720, LX Mk4/DiFX fourfit 3.8 rev 756 N 0322+222.wpquijd, 347-1720, LX
) ONSADBBC - ONSALAG0, fgroup X, pol RR multiband delay ONSADBBC - ONSALAG0, fgroup S, pol RR
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Amp. and Phase vs. time for each freq., 26 segs, 5 APs / seg (6.40 sec/ seg) time ticks 10 sec +22°24’ 0.366" Amp. and Phase vs. time lor each freq., 33 segs 4 APs/ seg (5.12 sec/ seg) time ticks 10 sec +22°24’ 0.366"
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5212 99 825299 8352.99 8512.99 873299 8852.99 891 299 8932.99 Freq (MHz) All 2225.99 22A5 99 2265 99 2295.99 2345.99 2365.99 Freq (MHz) All
87, 8 4010 81 K -106.1 Phase -90.3 - - 5 67, Phase 636
7259 7 10366.1 8870.6 8445.9 9103.1 9333.2 9575 5 7901.9 Ampl. 8612.1 5943.9 5635 4 7556 9 6568.8 10390.5 9351.8 Ampl. 7741.9
483.0 483.0 482.9 483.5 483.5 483.. 484.5 Sbd box 484.1 481.9 482.2 481.9 482.0 482.7 482.5 Sbd box 482.3
UL 129/1 29 129/0 129/0 129/0 129/0 129/0 12910 129/129 APs used UL 129/0 129/0 129/0 129/0 129/0 129/0 APs used
L 10 10 10 10 10 10 10 10 PC freqs L 10 10 10 10 10 10 PC fregs
X 10 10 10 10 10 10 10 10 PC freqs X 10 10 10 10 10 10 PC fregs
LX -179:22 -138:160 -165:-120 40:-67 151:-93 -79:-59 150:40 110:-6 PC phase L:X 57:50 1271 -40:-32 -114:113 126:-113 176:-1 PC phase
LX 0:0 0:0 0:0 0:0 0:0 00 0:0 0:0 Manl PC LX 0:0 0:0 0:0 0:0 0:0 0:0 Manl PC
L 1 12 1 10 11 1 11 PC amp L 1 12 13 PC amp
X 21 20 21 21 18 19 19 18 X 22 17 24 18 20 21
L X00U.X01L Xo2u Xo3u X04U Xosu X08U Xo7u X08U,X09L Chan ids L Ss10U S11U s12U S13U S14U $15U Chan ids
Tracks Tracks
X X00U.X01L X02U X03U X04U X0sU Xo0sU X07U X08U,X09L Chan ids X s1ou s11u s12u S13U S14U S15U Chan ids
cks Tracks
Group delay (usec) -9.99892609017E-01 Apriori delay (usec) -1.00000595335E+00 Resid mbdelay (usec) 1.13344E-04  +- 6.7E-09 Group delay (usec) -9.99424081161E-01 Apriori delay (usec) -1.00000595335E+00 Resid mbdelay (usec) 5.81872E-04 +/- 5.3E-08
Sband delay (usec) -1.90453076842E+00 Apriori clock (usec) -1.0000000E+00 Resid sbdelay (usec) -9.04525E-01  +/-  5.8E-07 Sband delay (usec) -1.96005921068E+00 Apriori clock (usec) -1.0000000E+00 Resid sbdelay (usec) -9.60053E-01  +/-  1.2E-06
Phase delay (usec) -1.00003650131E+00  Apriori clockrate (us/s) 0.0000000E+00 Resid phdelay (usec) -3.05480E-05 +- 3.3E-10 Phase delay (usec) -1.00008531756E+00  Apriori clockrate (us/s) 0.0000000E+00 Resid phdelay (usec) -7.93642E-05 +/- 24E-09
Delay rate (us/s) -1.13390068057E-09  Apriori rate (us/s) -2.06270003299E-09  Resid rate (uss) 928799E-10  +/- 48E-12 Delay rate (us/s) 236I1S0IEDS  Aprri ate (usls) -2.06270003299E-09  Resid rate (uss) 01222610 +-  25E-11
Total phase (deg) -104.3  Apriori accel (us/s/s) -2.91183085255E-14 Resid phase (deg) 90.3 4 0.0 Total phase (deg) -6 Apriori accel (us/s/s) -2.91183085255E-14 Resid phase (deg) 636 +- 0.0
RMS  Theor. Amplitude 8477.415 +/- 0.100 Pcal mode: NORMAL, NORMAL Pcal period (AP’s) 9999, 9999 RMS  Theor. Amplitu 7627.661 +/- 0.129 Pcal mode: NORMAL, NORMAL Pcal period (AP’s) 9999, 9999
phiseg (deg) 0.1 0.0 Search (512X256) ~ 8353.022 Pcal rate: -2.046E-08, -2.028E-08 (us/s) sb window (us) -16.000 16.000 phiseg (deg) 1.0 0.0 Search (512st) 7446.572 Pcal rate: -2.510E-08, -1.838E-08 (us/s) sb window (us) -16.000 16.000
amplseg (%) 0.2 00 Interp. 8353.022 Bits/sample: 1 SampCntNorm: disabled mb window (us) -0.025 0.025 amplseg (%) 4.0 00 Interp. 7446.572 Bits/sample: 1 SampCntNorm: disabled mb window (us)  -0.050 0.050
phifrg (deg) 9.8 0.0 Inc. seg. avg. 8477.428 Sample rate(MSamp/s): 16 drwindow (ns/s) -0.048 0.048 phifrg (deg) 100 00 Inc. seg. avg. 7628.691 Sample rate(MSamp/s): 16 window (ns/s) -0.175 0.175
amplfrq (%) 119 0.0 Inc. frq. avg. 8612.055 Data rate(Mb/s): 160 nlags: 512 t_cohere infinite ion window (TEC) 0.00 0.00 amplfrq (%) 211 0.0 Inc. frq. avg. 7741.907 Data rate(Mbrs): 96 nlags: 512 t_cohere infinite ion window (TEC) 0.00 0.00
L:az 104.9 el 35.9 pa-34.3 X:az104.9 el 359 pa-34.2 u,v (fr/asec) 0.000 -0.000 iterative interpolator L:az 104.9 el 35.9 pa-34.3 X:az 104.9 el 359 pa-34.2 u,v (fr/asec) 0.000 -0.000 iterative interpolator

Control file: cf_1234  Input file: /common/expts/RD1210/1234/347-1720//LX..wpaujd  Output file: Suppressed by test mode.

Control file: cf_1234  Input file: /common/expts/RD1210/1234/347-1720//LX..wpaujd  Output file: Suppressed by test mode.
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Data analysis and results

* Comparison of NGS files generated from V002
database

* Afew examples:
— Delay distribution between Od — On

— Difference between (Od-Wz) — (On-Wz)
baselines
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Data analysis and results

Unbiased observed delay on ONSADBBC-ONSALABD baseline
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Data analysis and results

— Session-wise differences on (Od-Wz) — (On Wz)

baseline
Session Bias (ns) Std. Dev (ps)
R1553 -1900.03 33.9
R1563 -1950.04 40.8
R1566 -1950.08 20.8
R1567 -1950.08 14.8
R1592 -1950.07 21.2
R1612 -1900.02 17.3
C1404 -9950.05 26.4
C1405 -9900.06 16.2
C1410 -9950.04 26.6
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Data analysis and results

Databases processed with Calc11
* nuSolve analysis for individual sessions
Switching on/off ON/OD and estimation of:

— Onsala station position (keeping fixed other stations,
except Tsukuba and Tigo)

— EOP
— Clock and troposphere piece-wise linear (1 h)

* Comparison of results using ON or OD data
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Data analysis and results
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Data analysis and results

* Some fluctuation in the station position estimate
* Best agreement in East-coordinate

* Differences in the range of sub-millimetre to 5
mm, one over 1 cm

Od-On U (mm) E(mm) N (mm)

WRMS 4.0 0.8 2.2
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Data analysis and results

- Measure of repeatability for On/Od-Wz
baselines computed as RMS of weighted

linear fit
Baseline RMS (mm)
Od-Wz 2.49
On-Wz 2.53
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stment to baseline length (mm)
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Data analysis and results

Mean [Od/On]-Wz baseline: 919660.98 m

b

2012-12-14 2013-02-26 2013-05-11 2013-07-24 2013-10-05 2013-12-18 2014-03-02 2014-05-15
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Data analysis and results
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Data analysis and results

* Good agreement in EOP between DBBC and
analog

* Both UT1-TAl and rate term within error limits

* Differences are between of approx. +-2.5 ys in
UT1-TAI and +-1.0 ys/d in rate

Od - On UT1-TAI (us) Rate (us/d)
WRMS 0.78 1.12
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Data analysis and results
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Data analysis and results
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Data analysis and results

* Both polar motion and nutation term differences fall within

error limits
* Differences scattered around zero-line - no significant biases
detectable
Od - On WRMS

Xpol (pas) 8.2

Ypol (pas) 7.6

dX (pas) 12.0

dY (pas) 7.7
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Data analysis and results

* The differences between ZWD estimates were relatively
well within error limits

* Largest single differences in R1553 and R1592
* For R1592 reason is in wx calibration data
* Some issues may arise from interpolation

WRMS between sessions ranging from 1.0 — 3.3 mm
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Data analysis and results

Session WRMS (mm) Od - On Total
R1553 3.5 WRHMS
R1563 10 ZWD (mm) 2.6
R1566 1.4
R1567 1.4
R1592 3.3
R1612 2.2
C1404 2.8
C1405 2.7
C1410 2.1
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Data analysis and results
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Data analysis and results

N(offset « s){Total = 169/216 (78.2%)
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Conclusions and outlook

* The digital backend at Onsala performs well for
geodetic VLBI observations

* Tested for numerous IVS-sessions
* Databases produced from CONT14 use DBBC

* Zero-baseline tests: no significant differences
between the analog and the digital backends
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Conclusions and outlook

* Data analysis: no significant differences for the
geodetic results of R1 and CONT14 -sessions
between the analog and the digital backends in EOP

* Some disagreements in ZWD
— requires further investigation
* Experiment more with nuSolve
* Analyze more CONT14-sessions
* Compare results from different analysis software
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Conclusions and outlook

* Onsala installs a second digital backend (DBBC)
in the fall of 2014 to work with Mark5C

* The analog backend has been phased-out
completely and will be placed in the museum

* We will use both digital backends operationally
for IVS and EVN -production
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