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Motivation

* VLBI observations of GNSS signals
— Determination of GNSS orbits in VLBI frame
— Determination of VLBI station positions in GNSS frame

* Challenges
— How large networks necessary?

— How long observation times necessary?

— Can phase delays be used? Phase connection?

— lonospheric correction? Dual frequency observations?
— Satellite antenna phase centre vs. centre of mass?
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Observations

e Several test observations performed during the last years
— 2010: Onsala — Medicina

— 2013: Onsala — Wettzell
— 2014: Onsala — Wettzell

e Short observational tests (1-4 h) using astronomical radio
telescopes with L-band systems, e.g. Onsala 25 m telescope

— At Wettzell: L-band system via S-band horn
e Often targets GLONASS satellites
* Newest experiment 2016: GPS, GLONASS, Galileo, Beidou
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Observations

* Challenges:
— Astronomical L-band telescopes are not “fast slewing”

— Usually only step-wise tracking possible (e.g. 10 s updates), only
modern telescope systems can track continuously

— Astronomical L-band systems are very sensitive and radio
telescopes have high gain => GNSS signals very strong

— Attenuation of RF-signals necessary

— Local oscillator settings at several telescopes do not allow
simultaneous dual-frequency observations

— “hand-made” observation schedules

— Access to telescope time... (Telescope Program Committees do
not really regard this as “basic science”...)
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Observations

Signal on the spectrum analyser

Strong satellite signal:
=> additional RF-attenuation 20—-30 dB necessary
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GPS PG04, L2-signal, Onsala, 2007-05-16 GPS PGO4, L1-signal, Onsala, 2007-05-16
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Examples of GPS signals observed at Onsala
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GLONASS PRO7, L2-signal, Onsala, 2007-05-16 GLONASS PRO7, L1-signal, Onsala, 2007-05-16
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Examples of GLONASS signals observed at Onsala
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Galileo Giove-A, Eba-signal, Onsala, 2007-05-16 Galileo Giove-A, Onsala, 2007-05-16
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Examples of Galileo signals observed at Onsala
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Modelling and correlation

e GNSS satellites are radio sources in the near field...

— Telescopes do not look parallel as in normal geodetic
VLBI

* Near-field model needed, e.g.
— Sekido & Fukushima (Journal of Geodesy, 2006)
— Duev et al. (Astronomy and Astrophysics, 2012)

e Software correlator

— DiFX: Deller et al. (Publications of the Astronomical
Society of the Pacific, 2011)

— SFXC: Keimpema et al. (Experimental Astronomy, 2015)
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Experiment G130128

* Three different apriori delay models used
— D-model: Dmitry Duev (Duev et al., A&A, 2012)
— R-model: Ridiger Haas (ad hoc 2013)
— L-model: Lucia Plank (Sekido & Fukushima, 2006)

* Correlation with
— SFCX (D-model), 0.5 and 1 sec integration
— DiFX (D-, R- and L-model), 0.25 s integration
* Post-processing
— with AIPS/Fringe (astronomical VLBI software)
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Integrated delay rates from AIPS/fringe
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"Unwrapped” phases

40

1

20

unwrapped phase (rad)

& 3 5 B
o'.....
<.,

...
o®
oo°...‘
oo‘....
o‘...\
o’

| | |
13:15 13:30 13:45 14:00
time

Department of Earth and Space Sciences



Chalmers University of Technology

Group delay, integrated delay rate, phase delay
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Total delay differences
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Experiments G140116 and G140121

* Modelling
— R-model
* Correlation with
— DiFX (R-model), 0.25 s integration
* Post-processing
— with HOPS/Fourfit (geodetic VLBI software)
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Datum

2014-01-16 12:
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14.
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14:

2014-01-21
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13:
13:
13:
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15:
15:
15:
15:
15;
15:
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G140116 and G140121

G140116 och

30-12:
50-13:
10-13:

00-14:
20-14:
40-15:

30-13:
37-13:
44-13:
51-13:
59-14.
08-14:
14-14:
25-14:

00-15:
:05-15:
10-15:
20-15:
25-15:
30-15:
45-15:
50-15:
55-16:

45
05
25

15
35
00

35
42
49
56
04
13
19
30

04
09
14
24
29
34
49
54
00

G140121

GLONASS satellit NORAD Nr.

GLONASS-743
GLONASS-723
GLONASS-730

GLONASS-730
GLONASS-737
GLONASS-747

GLONASS-743
GLONASS-732
GLONASS-743
GLONASS-732
GLONASS-743
GLONASS-735

GLONASS-732

GLONASS-735

GLONASS-746
GLONASS-723

NORAD 37869
NORAD 32395
NORAD 36111

NORAD 36111
NORAD 37138
NORAD 39155

NORAD 37869
NORAD 36402
NORAD 37869
NORAD 36402
NORAD 37869
NORAD 36401

NORAD 36402

NORAD 36401

NORAD 37938
NORAD 32395
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PR nr.

PRO8
PR11
PRO1

PRO1
PR12
PRO2

PROS8
PR23
PROS8
PR23
PROS8
PR24

PR23

MJID start

56673.52083333
56673.53472222
56673.54861111

56673.58333333
56673.59722222
56673.61111111

56678.56250000
56678.56736111
56678.57222222
56678.57708333
56678.58263889
56678.58888889
56678.59305556
56678.60069444

56678.62500000
56678.62847222
56678.63194444
56678.63888889
56678.64236111
56678.64583333
56678.65625000
56678.65972222
56678.66319444

MJID stop

56673.53125000
56673.54513889
56673.55902778

56673.59375000
56673.60763889
56673.62500000

56678.56597222
56678.57083333
56678.57569444
56678.58055556
56678.58611111
56678.59236111
56678.59652778
56678.60416667

56678.62777778
56678.63125000
56678.63472222
56678.64166667
56678.64513889
56678.64861111
56678.65902778
56678.66250000
56678.66666667

FRINGES

YES :-)
YES :-)
YES :-)

YES :-)
YES :-)
YES :-)

YES :-)
YES :-)
YES :-)
YES :-)
YES :-)
YES :-)

NO (1) =>???

YES :-)

YES :-)
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G140116a Fourfit processing
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° ey o 5 °5 2 ’ & BT 2014'204:120420 o AV, Manrpe et freq (e o st 145.0
singleband delay (us) Avgd. Xpower Spectrum (MHz) RA & Dec (J2000) -15 -1 -0 o s [ 5 AP (sec)  0.160 - Inttime 12.845
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Mk4/DiFX fourfit 3.9 rev 6188

G140116b Fourfit processing

140445.ydvoqv, No_0020, LV
ONSALAS85 - WETTZELL, fgroup L, pol RR

PR

Department of Earth and Space Sciences

12

AMS
phiseg (deg) 339
ampiseq (%)

L:az 117.0 ¢163.4 pa-38.7

Control fle: of 1234 Input

Theor. Ampitu 217.262 +-0814
19 Searc osoxe) 212237

34 0.0

02 e . avg 255074

04 Inc. frg. avg. 217.

Viaz1014 667 pa 560

108
Uy (ft/asec) 8319 21.858
0195/LV..yah

Peal mode: NORMAL, NORMAI
Pl Tt 530E-06, ATEQED8.(use)
Bitsisamplo: 2 ‘SampCntNorm: disabled
Sample rate(MSampys): 16

Data rate(Mbls): 32

Peal period (/

‘lags: 256 1_cohere infinite

t i

f Output fle: Suppressed by test mode

PRO2

T T Fringe quality 9
Error code H
R 166.8
s Inttime  12.910
gr Amp 135828
9 Phase 488
3 PFD  0.0e+00
E -4 Delays (us)
g, BD  0.021756 . .
58F MBD -0.000391 Mk4/DiFX fourfit 3.9 rev 6188 142715.ydvgks, No_0090, LV
Fringe rate () ONSALAS5 - WETTZELL, fgroup L, pol RR
‘ lon TEC  0.00 T T T T T T Fringe qualty 9
A I Ref freq (MH: rror code H
- ana N ATV LI o eb5800 8 1 n J0
=15 = 08 98 T 15 AP (sec)  0.160 inttime  12.805
deloy rate (ns/s) o Amp  93.997
- T T T T T 8  Exp. g140116b vg - Phase 1417
1 3 __ Exper# 16383 3 PFD  0.0e+00
£ ‘ ] s S Yriday 2014:016 2 Delay
< ys (us)
3 T Start140446.92 2o 1 SBD 0412404
A 2 ° 5 PRF Jaosss 00 5 VD -0.000391 MK4/DiFX fourfit 3.9 rev 6188 145830.ydvqzf, No_0195, LV
F VAN 1 E® B oo R | Fringerate(ta) ONSALA85 - WETTZELL, fgroup L, pol RR
/N u201531343105533 lon TEC 0,00 N T T Fringe quality 6
° o 2015:134:111147 Ref freq (MHz) sk Error code H
s o 5 B 5 2014:204:120420 - 97,4400 8
singleband delay (us) Avad. Xpower Spectrum (MHz) RA & Dec (J2000) -8 -1 1 15 AP (sec) 0.160 Inttime  12.910
02h26m 8.62385 sb Am 262
Amp. and Phase vs. time for each freq., 82 segs, 1 APs / seg (0.16 sec / seg.), time ticks 1 sec +22714'46.480" T ° Exp. g140116b o= Phase 927
o All o 8 f\ 1 A Exper # 16383 E} PFD  0.0e+00
g .8 2 3 3 Vrday 2014:016 2, 1 Delays (us)
%8 I 1 38 Start 142716.92 S8 se0”* 01514
Lsb 1g 2, Il 22 Stop 142730.04 £ 0387
28 N B an 1 g8 _ B FRT 14272200 ange rate (Hz)
Zg i So /M ] Sgl 2 2 Corr/FF/build st ate Hiz)
25t e 5 B g T 52015:134:115400 I\ lon TEC  0.00
Eg P o o 8 ! MY Ref freq (MHz)
st 12 s ) o 2 “ 3 sT 201420 20420, - poone AV T L 1595.7500
singleband delay ( Avgd. Xpower Spectrum (MHz ec =18 = 08 o N T 5 sec)
o 8 o v 9e- %P P (MHz) 00h31m53.9718s delay rate (ns/s) < AP (sec)  0.160
VE,,d,‘fH\H\HHHH\\\HHHH\\HHHH\HH\HH\\HHHH\HHHHHHHHHH\HH i Amp. and Phase vs.time for each freq., 82 segs, 1 APs/ seg (0.16 sec/ seg.), ime ticks 1 soo +24'53'11.345" §F T D i T ® Ei&ﬁ"’?&%??
— — - - — — N g vgk 08 &g Yrday 2014:016
®E . - O R 3s° 3« < Start 145831.92
S oLV o 1o = = o, Stop 145845.04
8 . o g 3R A e g8 & FRT 145837.00
2 2 Safb 5= 28 2 Corr/FF/build
15985 Freq (MHz) 5 1° 2 o | '5.2015:134:124447
1355 o £8 L& - / - . 8  2015:134:125944
- stdbox s 13 =5 o B 2 4 6 " 2014:204:120420
s uso v o
g singleband delay (us) Avgd. Xpower Spectrum (MHz RA & Dec (J2000)
v i RS froas o 8 N 7 ac- P pectrar (MHz) 01h34m47.1876s
LY iteae PO phase vaiigty[LLLLLL LTI T T T T LI T LT LT LT T T T T T T IIT L Amp. and Phase vs. time for each freq., 82 segs, 1 APS / seg (0.16 sec/ seg.), time ticks 1 sec +40°00' 3.578
Lo PCamp t Al o
v o 0 s 2
L LoouR Chan ids il . gF
v LooUR Ghanids g 3
Groupdole (sl ToSTaBESTIOE G2 Aprr dolay (usee 7.63738442602E402  Resid mbdelay (usec) B90077E04 4 41E-04 297 8
‘Shand delay (i Toa7ioo0ma00E 02 Aprion loc (sec) “1.2410000E402  Resid sbdelay (useo 217560602 1 41E04 1597.44 £ £
Phase dcla (vses) P Resid phelay (usec) B4BSBOE05 - 12606 it g &
Delay rate (us/s) priaiones (usls) -3.45645521522E-01  Resid rate (us/s) 417664E-04 +-  16E-07 2 SSF
Total phase (deg) Gize Ao s taohie) -8.08301398507E-07  Resid phase (deg) 488 - o L 5%
BMS Theor  Ampltuce 135828 +1-0.814 Peal mode: NORMAL, NORMAL Peal period (AP's) 9999, 9999 U s
ohseg seg) 03 Search (256X6) 134890 Poal rte: 1.520E-04, -2.624E-04_(usls) window (us) 8000 8000 <
mateg (o 42 sA nterp 0000 Bitsisampie: 2 SampCriNom: dsabled o window (us) 0000 0000 Ly 258 vateig LLLLLL LT T T LT LT T T LT T T T T O T T LT T LTI O T LTI
e 08 e Tog ave. 336064 S s Findow (v 1655 5,058 v oo |
mp/ qk%] 03 us Inc. frq. ava. 135.477 Data rate(Mb/s): ngs 256 t_cohereinfinite ion window (TEC) 0.00 Lo
(a7 1053 61359 pa-d V22669 61362 p \ (asec) 15075 17557 aimutaneous ntrpoleor VO on ran s s
Control file: cf_1234 mm..mc /:ummnn/cxpts/g14m|5h 150512/1234 PRO1/No_0020/LV..ydvoqv  Output fle: Suppressed by test mode L S
v LooUR Chan ids g
Sroup ool (uockmodo 1 414139907408 03 Ao doa s AMITIOES  Hosid modolay usec) QYZSIEGS +- 60E04
Soand delay (us 141402557221E403  Apior clock (usec) 124100005402 Resid sbdelay (usec) 112004501 4. G0E04 159575 Freq (MHz)
Phase delay (voe) a usis) Resid phdelay (usec) 246047604+ 17E06 927 Phas
Dotay rato {usf) STRTICORATRE DT Aptor el (use) 4 7oSTRBVIOE D! Resd e (14 Soaoaeos L 2aEor il A,
otal phase (deg) 631 Apriori accel (us/s/s) 461935864430E-05  Resid phase (deg) 1417 4k 10 o 255 frestre
AUS Theor  Ampltuce 93,997 +/- 0.818 Pal mode: NORMAL, NORMAL Paal poriod (AP's) 9999, 9999 L 250 PCireqs
phiseg (deg) 63 Search (256X8)  93.468 Pal rate: 3.750E-04, 6.748E-04 (usis) Sbwindow (us) 8000 8000 v 250 fregs
Broeg ) S8 79 nter 0.000 Bits/sample: 2 SampCNom: dsabed o wndow (19) 0000 0000 LV 26:62 PC phase
phira (deg) 00 05 Inc. seg. av. 93958 Sample rate(MSamp/s): 16 window (ns/9) 1.956 1956 LV 00 Mani PG
amplir (%) 03 0.9 Inc. frg. avg. 2 Data rate(Mbis): 32 nlags: 256 cohers infinte ion window (TEG) 0,00 Lo PG amp
w535 paotl Vaz1oss o601 v (as6) 5900 20460 mutansous interpolstor Vs hanits
Control file: ¢f_1234  Input file: /cﬂmmon/expls/gidoﬂﬁb 150512/123A PR12/No_0090/LV..ydvgks ~Output file: Suppressed by test mode. L
y LOOUR Chanids
Srow dloy (uecimode) 7401721600610z Aol 5o -5.74391334304E402  Resid mbdelay (usec) BE7II6E04 4 26E04
Sband delay 304E402  Aprior lock (usec) 124100006202 Rosid sbdelay (useo) T33414E01 4. 26E-04
Phace daty veeg S 7iar170000E 08 Abro clodecs (e 00000000E+00  Resid phdelay (usec) TG10E04 4 75E07
Dolay rate (us/s) 417BSE0AISEDT  Aprr el () 417866167509E01  losid rato (usf) B1236E.06 1 99E08
Total phase (deg) ‘Aprioriace (us/ss) cameomiorics | esdshase 6o %27 o

AP's) 9999, 9999
sbwindow (us)  -8.000 8.000

mb window (us)  0.000 0.000

dr window (nsis) -1.958 1.958

fon window (TEC) 000
simultaneous interpolator




CHALMERS! & Chalmers University of Technology

G140116 autocorrelations

Onsala Wettzell

Mk4/DiFX fourfit 3.9 rev 6188 124345.ydupme, No_0056, LL Mk4/DiFX fourfit 3.9 rev 6188 124345.ydupme, No_0056, VV
ONSALAB8S5 - ONSALASS, fgroup L, pol RR WETTZELL - WETTZELL, fgroup L, pol RR
T T Fringe quality 9 ﬁ T T Fringe quality 9
|
SNR 7406.7 3L i SNR 13039.1
o Inttime  14.920 2 Il Inttime ~ 14.920
§ r Amp  5609.704 H Amp  9875.552
Phase -0.0 b2 L Phase -0.0
PFD  0.0e+00 g I PFD  0.0e+00
- Delays (us) - Delays (us)
o SBD  0.000000 gl [ SBD  0.000000
sSr MBD -0.000381 o ¥ I'l MBD -0.000390
o Fringe rate (Hz) . Il Fringe rate (Hz)
0.00000 St I 0.000000
lon TEC  0.00 s ””J L lon TEC  0.00
vl Ref freq (MHz) A n Ref freq (MHz)
° -1.5 -1 —osM/W é 05 1 1.5 16013800 ° -1.5 -1 -05 S é i 05 1 1.5 16013800
delay rate (ns/s) _ AP(sec) 0160 delay rote (ns/s) _ AP(sec) 0.160
T T - T T T 2 Exp. g140116a T I T T T T 2 Exp. g140116a
< F Exper # 16383 SL ] . N . N — Exper # 16383
gl 1 v 189 Yrday 2014:016 - vl P mfrpe ey, 1879 Yrday 2014:016
< 5% < Start 124345.00 ggl ‘ ] RN “\ © Start 124345.00
=3  Stop 124400.04 =g =k =] o Stop 124400.04
=18 i gg F o FRT 124352.00 g8r ‘ B gg L ¥ o FRT 124352.00
& o4 | 18 2 Corr/FF/build 53 G 18 £ Corr/FF/build
- ; i ' '©2015:133:160133 S 1 ' ©2015:133:160133
- . . ° re—" | : 8 2015:134:091657 o - . . . B 2015:134:091722
-5 5 ¢} 2 4 6 871 2014:204:120420 0 2 4 6 871 2014:204:120420
single ) Avgd. Xpower Spectrum (MHz) RA & Dec (J2000) y ( Avgd. Xpower Spectrum (MHz) RA & Dec (J2000)
02h37m55.5101s 02h37m55.5101s
Amp. and Phase vs. time for each freq., 94 segs, 1 APs / seg (0.16 sec / seg.), time ticks 1 sec +18°41°54.005" Amp. and Phase vs. time for each freq., 94 segs, 1 APs / seg (0.16 sec / seg.), time ticks 1 sec +18°41'54.005"
Al ° Al o
e 12 2
Sk
@
o~ 18 oo 18
Sul @ EX
£- 1s & =
£ & £
° & o
S 2
° 8 i 8‘ o 4 S",
8 g
=) @ o @
Vanqu“_ [ Va,mgHH\H\\H\\\HHHHHHHHHH\HH\\HH\HHHHHHHHHH\\HH\HHHHHHHHHH [
S g = g
© oL L o A%
9 8 S g
o . . T & . . D
1601.38 Freq (MHz) 1601.38 Freq (MHz)
00 Phase 0.0 Phase
5609.7 Amp 98755 Ampl.
257.0 Sbd box 257.0 Sbd box
UL 9410 APs used UL 9410 APs used
L 39 PG RIY/V delays (ns) v -39 PC RIYIV delays (ns)
L -39 PC RIYV delays (ns) v -39 PC RIYNV delays (ns)
L:iL -90:-90 PC phase ViV -90:-90 PC phase
LL 00 Manl PC ViV 0: Manl PC
Lo PC amp Vo PC amp
Lo v o
L Looum Chan ids v LOoUR Chan ids
| LOoUR Chan ids v LOOUR Chan ids
Group delay (usec)(model)  -3.80921455245E-04  Apriori delay (usec) 0.00000000000E+00  Resid mbdelay (usec) 380921E-04 +- 93E-06 Group delay (usec)(model)  -3.90288376275E-04  Apriori delay (usec) 0.00000000000E+00  Resid mbdelay (usec) -390288E-04 +- 53E-06
Sband delay (usec) 1.04185052512E-19  Apriori clock (usec) 0.0000000E+00  Resid sbdelay (usec) 1.041856-19 4/~ 9.3E-06 Sband delay (usec) 1.04185052512E-19  Apriori clock (usec) 0.0000000E+00  Resid sbdelay (usec) 1.04185E-19 4/~  5.3E-06
Phase delay (usec) -2.60238175854E-22  Apriori clockrate (us/s) 0.0000000E400  Resid phdelay (usec) 260288E-22 +- 27E-08 Phase delay (usec) -2.60238175854E-22  Apriori clockrate (us/s) 0.0000000E+00  Resid phdelay (usec) -260238E-22 +-  1.5E-08
Delay rate (us/s) -4.23516473627E-16 Apriori rate (us/s) -4.23516473627E-16 Resid rate (us/s) 0.00000E+00  +/-  3.1E-09 Delay rate (us/s) -4.23516473627E-16 Apriori rate (us/s) -4.23516473627E-16 Resid rate (us/s) 0.00000E+00  +/-  1.8E-09
Total phase (deg) -0.0 Apriori accel (us/s/s) 0.00000000000E+00 Resid phase (deg) 0.0 +- 0.0 Total phase (deg) -0.0 Apriori accel (us/s/s) 0.00000000000E+00 Resid phase (deg) 00  +- 0.0
AMS  Theor. Amplitude 5609.704 +/- 0.757 Pcal mode: MULTITONE, MULTITONE  Pcal period (AP’s) 9999, 9999 RMS  Theor. Amplitude 9875.552 +/- 0.757 Pcal mode: MULTITONE, MULTITONE  Pcal period (AP's) 9999, 9999
phiseg (deg) 0.0 0.1 Search (256X8) 5609.704 Pcal rate: -9.757E-03, -9.757E-03 (us/s) sb window (us) -1.000 1.000 ph/seg (deg) 0.0 0.0 Search (256X8) 9875.552 Pcal rate: -9.757E-03, -9.757E-03 (us/s) sb window (us) -1.000 1.000
amplseg (%) 29 0.1 Interp. 0.000 Bits/sample: 2 SampCntNorm: disabled mb window (us)  -0.000 0.000 amplseg (%) 0.0 0.1 0.000 Bits/sample: 2 SampCntNorm: disabled mb window (us)  -0.000 0.000
phifrg (deg) 00 00 Inc. seg. avg. 5609.695 Sample rate(MSampls): 16 dr window (ns/s) -0.010 0.010 phifrq (deg) 0.0 00 Inc. seg. avg. 9875.542 Sample rate(MSampis): 16 dr window (ns/s) -0.010 0.010
amp/frq (%) 0.0 0.0 Inc. frq. avg. 5609.704 Data rate(Mb/s): 32 nlags: 256 t_cohere infinite ion window (TEC) 0.00 0.00 amp/frq (%) 0.0 0.0 Inc. frq. avg. 9875.552 Data rate(Mb/s): 32 nlags: 256 t_cohere infinite ion window (TEC) 0.00 0.00
L:az87.1 el 206 pa-34.6 L:az87.1 el 206 pa-34.6 u,v (fr/asec) 0.000 0.000 simultaneous interpolator V:az84.7 €205 pa-435 V:az84.7 el 205 pa-435 uv (fr/asec) 0.000 0.000 simultaneous interpolator
Control file: default  Input file: /common/expts/g140116a_150512/1234_PR08/No_0056/LL..ydupme Output file: Suppressed by test mode Control file: default  Input file: /common/expts/g140116a_150512/1234_PR08/No_0056/VV..ydupme Output file: Suppressed by test mode
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Chalmers University of Technology

2S

Mk4/DiFX fourfit 3.9 rev 6188

ffect of integration length

123700.yduige, No_0029a, LV
ONSALAS8S5 - WETTZELL, fgroup L, pol RR

T T Fringe quality 9

49.6

SBI X

MBD  -0.000390

Fringe rate (Hz)
0.009521

AP (sec)

amplitude

500

8  Exp. g140116a

__Exper# 16383
' Yriday 2014:016
B Start123700.00

%0

2 Corr/FF/build
6.2015:133:104201
2015:133:172355

B ] 5
singleband delay (us)

Amp. and Phase vs. time for each freq., 12 segs, 1 APs / seg (0.16 sec / seg.), time ticks 1 sec
Al

@

~180 -0

2014:204:120420
RA & Dec (J2000)
02h30m39.6362s

+22°10'31.758"

2 4 5
Avgd. Xpower Spectrum (MHz)

s
aF g
L @
Jo 8
Eg s
E8 12
i
o 8
]
Validity
- 8
= sLv
o o
1601.38 Freq (MHz)
1120 Phase
1053 Ampl
2572
uL 1200 APs used
L 39 PCRNIV delays (ns)
V3 PC AV delays (ns)
LV 50.90 PG phase
LV 00 Mani PG
Lo PCamp
Vo
L Loour Chan ids
v LoouR Ghan ids
Group delay (usec)(model)  551277067915E+01  Apriori delay (usec) 551280070799E401  Rlesid mbdelay (usec) 390288E.04 4 14E03
‘Sband delay (used 551348470799E401  Aprion clook (uss “2410000E:02  Resid sbdelay 675000E08 4 14E.08
Phase delay (usec) 551279028095E401  Aprior clockrate (us/s) 00000000100 I0420E.04 4. 40E06
(usis)

°2.74425991694E-01
‘Aprior accel (us/sls)

Theor. Amplitude 105.457 +/- 2128
phiseg (deg) 9.4 0 Search (32X8) 105,279
ampiseg (%) 62 7.0 interp.
phiirg (deg) 00 12 Inc. seg. avg 106.460
P (%) 01 20 Inc. rq, avg. 105312

L:az85.0 ¢1235 pa-35.4
Control fle: default  Input fi

V:a2822 ol 23.1 pa-44.4
16a_150512/1234_6/No_

Uy (frlasec) 18.486 14.981

-2.74431837294E-01 504560E.06  +/-  3.6E-06
2.420368541156-05  Resid phase (deg) 120 4 23
Peal mode: MULTITONE, MULTITONE  Pcal period (AP's) 9999, 8988

Peal rale: -7.806E-02, -7 806E-02 (us/s) sbwindow (us) ~ -1.000 1.000
Bitsisample: 2 SampCniNorm: disabled  mb window (us) -0.000 0,000
Sample rate(MSamps): 16 dr window (nsls) -0.010 0.010
Data rate(Mbls): 32 nlags: 256 1_cohere infinite ion window (TEC) 000 0.00

Output fle: Suppressed by test mode

SNR 49.6

simultaneous interpolator

15s

Mk4/DiFX fourfit 3.9 rev 6188

123700.yduhlb, No_0029, LV
ONSALAS85 - WETTZELL, fgroup L, pol RR

100

amp
50

I
AN
VY

T T Fringe quality 9

code H
SNR 130.7
Inttime  12.913
Amp 106.429
Phas -67.9

FD 0.0e+00

1 Delays (us)

Fringe rate (Hz)

0.000644
lon TEC  0.00
Ref freq (MHz)

s 1 “o.

s
delay rat

1601.3800
AP (sec) 0.160

1000

amplitude
500

180

Exp. g140116a
_Exper# 16383
T Vrday 2014:016
< Start 123701.92
 Stop 12371504
& FRT 123707.00
2 Corr/FF/build
5.2015:133:100534
2015:133:172201

90

0

2 4 3

15) Avgd. Xpower Spectrum (MHz)

Amp. and Phase vs. time for each freq., 82 segs, 1 APs / seg (0.16 sec / seg.), time ticks 1 sec
Al

~180 -90

2014:204:120420
RA & Dec (J2000)
02h30m39.6362s

+22°10'31.758"

300

vaia)

Vi
L LoouR

v LOOUR

Group delay (usec)(model)

Total phase (deg)

phiseg (deg)
ampiseg (%) 53
phvirq (deg) 0.0
ampitg (%) 0.5
85.0 /235 pa
Control fle: of_1234

AMS
80

Chan ids
Chan ids
5.34807964818E401  Apriori dolay (usec) 5.34810703706E401  Resid mbdelay (usec) 273680E-04 4 53E-04
5.34948023706E401  Aprior clock (usac) 1.2410000E402  Resid sbdelay (usec) 137320E02 4 53E04
(usis) Resid phdelay (usec) 17841604 4 15E08
-2.74566816456E-01  Apriori rate (us/s) -274576868999E-01  Resid rate (i 09525406+ 2007
1180 Apriori accel (us/s/s) 2.41068830276E-05  Resid phase (deg) 79+ 09
Theor. Amplitude 106.429 +/-0.814 Poal mode: NORMAL, NORMAL Peal period (AP's) 9999, 9999
40 Search (256X8) 105843 Pcal rate: -1.174E-05, -2.189E-06 (us/s b window (us) 8,000 8.000
69 interp. 000 Bits/sample: 2 ‘SampCniNorm: disabled  mb window (us)
04 inc. seg. avg. 106610 Sample rate(MSamp/s): 16 i window (nsis) 1.951 1.951
08 in. frq. avg. 105848 Data rate(Mbls): 32 nlags: 256 _cohere infinite  ion window (TEC) 0.00 0.0
354 V:az822 el 231 p uv (fr/asec) 18.486 14.981 simuitaneous interpolator

Input file: lcommon/expts/g140116a_150512/1234_c/No_0029/LV. yduhlb  Output file: Suppressed by test mode

SNR 130.7

Department of Earth and Space Sciences

Mk4/DiFX fourfit 3.9 rev 6188

300s

123700.yduohc, No_0029, LV
ONSALAS5 - WETTZELL, fgroup L, pol RR

T T Fringe quality 7
Error ¢

ode H

sl SNR 568.7
= Inttime 294.348
mp  96.976
sl i Phase  108.5
PFD  0.0e+00
Delays (us)
ol 4 BD  0.014230
MBD -0.000390
Fringe rate (Hz)
S 4 -0.009916
lon 0.00
il Ref freq (MHz)
° =y = “os o 05 T s AP (Se‘r?o‘g?gg
delay rate (ns/s) o ) 0.
8 Exp. g140116a
sl ] __Exper# 16383
8 8T Yrday 2014:016
- 38 I Start 123701.92
R Jo 7, Stop 124200.00
er ger % FRT 123930.00
= agl 1 18 2 Corr/FF/build
ST ] | '52015:133:150945
o - v 8  2015:133:171827
5 3 BT 2014:204:120420

B ]
singleband delay (us)

Amp. and Phase vs. time for each freq., 207 segs, 9 APs / seg (1.44 sec / seg.), time ticks 2 sec

Al

2 4 5
Avgd. Xpower Spectrum (MHz)

RA & Dec (J2000)
02h30m39.6362s
+22°10'31.758"

phase

Sy
. g
1601.38 Freq (MHz)
1oas Al
o
27 < bo
L e 5 osa
b3 B
v e S e
Y erze P rhe
Y o5 hane
i3 s
VS
U looun Gran s
, LoovR Granids
Group dlay (ssec)(mode)  139775647677E401  Aprc deay (150 1GOTI0IGED!  Fosidmbiolay (ssoc)  BO0PSTEQS - 1208
Soort oy e {Soh5 es0raEs  Aoron s (vees) T Saro000eios  Resk ooy Tioeos 1 1scor
Prce soay oess) Sao1asourEr0l  Aoron docks (s G 5000005s00 ook prlay oser) ViessEs 1 56y
Delay rate (us/s) -2.77893756695E-01 Apriori rate (us/s) -2.77859342500E-01 Resid rate (us/ -3.44142E-05 +/- 2.0E-09

Total phase (deg)

AMS  Theor. Ampiitude
phiseg (deg) 237 14 Search (2048X8)
ampiseg (%) 91 25 interp.
phiirg(deg) 00 01 Inc. seg. avg
ampifia (%) 07 02 Inc. rq, avg.
L:az85.0 ¢1235 pa-35.4 V:a2822 ol 23.1 p

‘Aprior accel (us/sls)

-2.18028437734E-05
96.976 +/-0.171

88,443 Peal rale: 2.826E-05, 3.
Bitsisample: 2

104519 Sample rate(MSamps):

96270 Data rate(Mbis): 32

v (flasec) 18.486 14.98

Peal mode: NORMAL, NORMAL

Resid phase (deg) 1085+ 02
Peal period (AP's) 9999, 8999
sbwindow (us)  -B.000 8.000
mb window (us)  -0.000 0.000
dr window (nsfs) 1951 1.951
nlags: 256 1_cohere infinite ion window (TEC) 000 0,00

550E-08 (usfs)
SampCniNorm: disabled
16

simultaneous interpolator

Control fle: of_1234  Input fle: /common/expisig140116a_150512/1234_3min/No_0029/LV. yduohc Output fle: Suppressed by test mode

SNR 568
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Conclusions

e Successful experiments with several L-band stations
— Also L-band via S-band at Wettzell works fine

e Successful correlation with the standard geodetic
software correlator DiFX

* Short observation times 10 — 15 s are sufficient
e Successful with three different apriori delay models

* Geodetic post-processing with Fourfit works
* Phase delay determination possible with AIPS and Fourfit

* Total delay values agree with rms 0.8-0.9 ns for group
delays and 0.2—0.4 ns for integrated delay rates
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Outlook

* Observations:
— Further test experiments (multi GNSS, dual frequency)
— Use lager station networks (> 4 stations)
* Correlation:
— Re-correlation of all observed data 2010-2016
— Near-field model APP in c5++
e Analysis:
— Upgrade/extension of the geodetic VLBI data analysis software c5++
— “Geodetic” data analysis and parameter estimation with c5++
* Further ideas:

— Perform dedicated L/S/X-experiment: Wettzell (20 m L/S/X),
Onsala (25 m L+ 20 m S/X), Medicina (32 m L/S/X) + ...
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