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Motivation

* Question: Can co-location in space improve the ITRF?
— Dedicated co-location satellites have been proposed, e.g. GRASP
— It is to be expected that such satellites will be realised soon
— Can also VLBI observations to GNSS-satellites be used?

e Several previous tests during the last years, mainly
Onsala-Medicina and Onsala Wettzell

* Using L-band systems at EVN-stations
e Special: L/S/X-band system at Wettzell 20 m

* Why GLONASS? Retro-reflectors allow also for SLR
measurements
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Observations in 2013 and 2014

* Onsala 25 m telescope, L-band system
* Wettzell 20 m L-band system via S-band horn
e 15 s stop-and-go GLONASS observations

* (G130128

— PRO9 for 45 min ( 9 scans a 4 min)
* G140116a

— PROS8, PR11, PRO1 for 15 min each

e G140116b
— PRO1, PR12, PRO2 for 15 min each

* (G140121a
— PROS8, PR23, PR24 alternating 5 min each

e G140121b
— PR24, PR17, PR11 for 15 min each
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Observations

Glonass PR09, G1-signal, Onsala, 2013-01-28

1598 1600 1602 1604
Frequency (MHz)

Strong satellite signal:
=> additional RF-attenuation 30 dB necessary
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Modelling and correlation

* Near-field delay modelling using GLONASS final
orbits by CODE and light time equation

* Implementation into control files for DiFX
* Correlation with DiFX at Onsala

* Post-processing with

— G130128: AIPS
— G1401xx: Fourfit
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G130128 AIPS processing
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PR nr.

PRO8
PR11
PRO1

PRO1
PR12
PRO2

PRO8
PR23
PRO8
PR23
PRO8
PR24

PR23

MJID start

56673.52083333
56673.53472222
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56673.61111111
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G140116a Fourfit processing
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G140116b Fourfit processing
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Onsala

Mk4/DiFX fourfit 3.9 rev 6188
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0.0000000E+00  Resid sbdelay (usec)
0000000E+00  Resid phdelay (usec)
-4.23516473627E-16  Resid rate (us/s)
0.00000000000E+00  Resid phase (deg)
Peal mode: MULTITONE, MULTITONE  Peal period (AP's) 9999, 9999
Pcal rate: -9.757E-03, -9.757E-03 (us/s) sb window (us)  +1.000 1000
Bits/sample: 2 SampCntNorm: disabled  mb window (us)  -0.000 0.000
Sample rate(MSampis): 16 drwindow (nsis) -0.010 0010
Data rate(Mbls): 32 nlags: 256 t_cohere infinite ion window (TEC) 0.00 0.00

-380921E-04 4/ 9.3E-06

1.04185E-19  +-  93E-06

260238E-22 4~ 27E-08

0.00000E+00  +- 3.1E-09
-

Control file: default Input file: /common/expls/g140116a_150512/1234_PROB/No_0056/LL..ydupme ~ Output file: Suppressed by test mode
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simultaneous interpolator

Chalmers University of Technology

G140116 autocorrelations

Wettzell

Mk4/DiFX fourfit 3.9 rev 6188

124345.ydupme, No_0056, VV
WETTZELL - WETTZELL, fgroup L, pol RR

8000
T

6000
T

ampl
2000 4000
T T

0

T T Fringe quality 9
SNR  13039.1
Inttime  14.920

Delays (us)

SBD  0.000000

MBD -0.000390

Fringe rate (Hz)
0.000000

lon TEC 0.00

Ref freq (MHz)

1601.3800
AP (sec) 0.160

10*
T

©
st
>

180

Exp. g140116a
__ Exper# 16383

afm&@w@“m% 48 9 Yrday 2014:016

 Start 124345.00

amplitude
5000
:

o

Stop 124400.04
FRT 124352.00
Corr/FF/build

2-2015:133:160133
2015:134:091722

0 2000400060008000

. \

]
singleband del

0

(u

2 4 6
Avgd. Xpower Spectrum (MHz)

Amp. and Phase vs. time for each freq., 94 segs, 1 APs / seg (0.16 sec / seg.), time ticks 1 sec
All

—180 90

@

2014:204:120420
RA & Dec (J2000)
02h37m55.5101s

+18°41'54.005"

°

2x10*
T

amplitude
10%

90

phase

B
Vahdm%HHH\HH\HHHHHHH\HHHHHHHHHHH\HHHHHH\HH\HHHHHHHHHHHH\

pcal @

1601.38

Group delay (usec)(model)  -3.90288376275E-04  Apriori delay (usec)
‘Sband delay (usec) 1.04185052512E-19  Apriori clock (usec)
Phase delay (usec) -2.60238175854E-22 (usls)

0.00000000000E+00
0.0000000E+00
0.

Delay rate (us/s) -4.23516473627E-16  Apriori rate (us/s)
Total phase (deg) Apriori accel (us/s/s)

RMS  Theor. Amplitude 9875.552 +/- 0.757
phiseg(deg) 00 00 Search (256X8) 9675552

ampiseg (%) 0.0 0.1 Inte 0.000

phifig (deg) 00 00 Inc. seg. avg 9875542

amplirq (%) 00 00 Inc. frq. avg. 9875552

V:az847 el 205 pa-435 V:az847 el 205 pa-435

-4,23516473627E-16
0.00000000000E+00

PC RNV delays (ns)
PC RY/V delays (ns)
hase

Manl PC
PC amp

Chan ids
Chan ids

Resid mbdelay (usec)
Resid sbdelay (usec)

-3.90288E-04 4/~  5.3E-06
104185619  +/-  53E-06
260238E-22 4/~ 1.5E-08
0.00000E00  +-  1.8E-09
Resid phase (deg) 00 - 00

Pcal mode: MULTITONE, MULTITONE  Pal period (AP's) 9999, 9999

Pcal rate: -0.757E-03,

Bits/sample: 2

Sample rate(MSamp/s): 16

Data rate(Mbls): 32

u, (fr/asec) 0.000 0.000

-9.757E-03 (usls b window (us) 1000 1.000

)
SampCntNorm: disabled mb window (us)  -0.000  0.000
dr window (ns/s) -0.010 0.010

00 0

nlags: 256 1_cohere infinite ion window (TEC) 0.00 0.0

simultaneous interpolator

Control file: default ~ Input fle: /common/expts/g140116a_150512/1234_PROB/No_0056/VV..ydupme  Output file: Suppressed by test mode




Chalmers University of Technology

G140121 autocorrelations

Mk4/DiFX fourfit 3.9 rev 6188

Onsala

133100.ydvsql, No_0005, LL

ONSALABSS5 - ONSALABS, fgroup L, pol RR

Wettzell

Mk4/DiFX fourfit 3.9 rev 6188

133100.ydvsql, No_0005, VV
WETTZELL - WETTZELL, fgroup L, pol RR

T T T Fringe quality 9 T T Fringe quality 9
i Error code H Error code H
sl i SNR  12071.1 gl ] SNR  12171.8
H ‘ Inttime  12.961 g Inttime  13.015
. | ‘ Amp  9808.763 Amp  9870.128
8L Phase 0. 8L i Phase 0.0
g [l PFD  0.0e+00 g PFD  0.0e+00
° ‘ ‘ Delays (us) G o Delays (us)
8L BD  0.000000 el 4 SBD  0.000000
¥ [ MBD  -0.000390 5% MBD  -0.000390
o Fringe rate (Hz) o Fringe rate (Hz)
St i 0.000000 St 4 0.000000
B NI lon TEC ~ 0.00 < lon TEC ~ 0.00
L Ref freq (MHz) . Ref freq (MHz)
° -1.5 -1 -0.5 1.5 01.3800 © -1.5 -1 -0.5 1 1.5 16013800
deloy 1 AP (sec) 0.160 AP (sec) 0.160
N " i i ; 8  Exp. gld0121a . ! : : 8  Exp. gl40121a
- __Exper# 16383 ] . _ Exper# 16383
08l 1 @ 8g Vrday 2014021 Tk 1 w®f Sl ooy, 18°¢ Vriday 2014021
Sgl ] 3=  Start 133101.92 sgb ‘ 1 57 e W h © Start 133101.92
o \ %! =y 5 rcs | o o
col 1 = w g or T S+ 2] g
£g ES8T <2 2 Corr/FF/build g £8 12 2 Corr/FFibuild
4 134 < 1134
ar | 1 ' '5.2015:134:140107 gr \ 1 ' '6.2015:134:140107
- e o , . , 8 2015:134:165020 - d ° . . . 8 2015:134:165042
=5 o 5 o 87 2014:204:120420 s a 87 2014:204:120420

singleband delay (us)

2 4 6
Avgd. Xpower Spectrum (MHz)

RA & Dec (J2000)
16h05m35.8018s

]
singleband del

2 4 6
Avgd. Xpower Spectrum (MHz) RA & Dec (J2000)

16h05m35.8018s
Amp. and Phase vs. time for each freq., 82 segs, 1 APs / seg (0.16 sec / seg.), time ticks 1 sec +32°10'51.085" Amp. and Phase vs. time for each freq., 82 segs, 1 APs / seg (0.16 sec / seg.), time ticks 1 sec +32°10'51.085"
All o All .
2B 1 v 18
ER ER
= 4 = g
5, H N 2
E® 52 18
i
o
o o B
vato] o LTI
- o F : — s . . . i
5 L H evv
3 g . H
g g g H
1601.38 Freq (MHz) 1601.38 Freq (MHz)
50 Phase o Prase
ss088 Aol aB70.1 Aol
257.0 Sbd box 25 Sbd box
UL 82/0 APs used UL 82/0 APs used
L 625 PC freqs V 625 PC freqs
L 625 PC freqs 625 PC fregs
UL 877 PG phase Vv “tes:1ss PG phase
s Va PG o Va6
0 FCamp am
to v
L LOOUR Chan ids v LOOUR Chan ids
L LOOUR Chan ids v LOOUR Chan ids

Group delay (usec)(model)  -3.90288376275E-04

Apriori delay (usec)

0.00000000000E+00

Resid mbdelay (usec)

-3.90288E-04  +/-  5.7E-06

Group delay (usec)(model)  -3.90288376275E-04

Apriori delay (usec)

0.00000000000E+00

Resid mbelay (usec) 390288604 +-  57E-06
Sband delay (usec) 1.04608568986E-19  Apriori clock (usec) 0.0000000E+00  Resid sbdelay (usec) 1.04609E-19  +-  57E-06 Sband delay (usec) 1.04608568986E-19  Apriori clock (usec) 0.0000000E+00  Resid shdelay (usec) 1.04600E-19  +-  57E-06
Phase delay (usec) -261296054618E-22  Apriori clockrale (usis) 0000000E+00  Resid phdelay (usec) -261206E22 4/ 16E-08 Phase delay (usec) 2 (usls) 0 Resid phdelay (usec) 261296622  +-  16E-08
Delay rate (usis) 4.23516473627E-16  Apriori rate (us/s 4.23516473627E-16  Resid rate (us/s) 0.00000E+00  +-  2.2E-09 Delay rate (us/s) -4.23516473627E-16  Apriori rate (us/s) -4.23516473627E-16  Resid rate (us/s) 0.00000E+00  +/  2.2E-09
Total phase (deg) Apriori accel (us/s/s) 0.00000000000E+00  Resid phase (deg) +- 00 Total phase (deg) -0 Apriori accel (us/s/s) 0.00000000000E+00  Resid phase (deg) 00 4 0.0
RMS  Theor. Ampiitude 9808.763 +/- 0.813 Peal mode: NORMAL, NORMAL Peal period (AP's) 9999, 9999 RMS  Theor. Amplitude 9870.128 +/-0.811 Peal mode: NORMAL, NORMAL Peal period (AP’s) 9999, 9999
phiseg (deg) 0.0 Search (256X8)  9808.763 Pcal rate: 4.3506-04, 4.350E-04 (uss) sb window (us)  -8.000 8.000 phiseg(deg) 00 00 Search (256X8)  9870.12¢ Poal rate: -5.202E-04, -5.292E-04 (us/s) sb window (us)  -8.000 8.000
ampiseg (%) 0.1 01 0.000 Bits/sample: 2 SampCntNorm: disabled  mb window (us)  -0.000 0,000 amplseg (%) 00 0.1 Inte 0.000 Bits/sample: 2 SampCntNorm: disabled  mb window (us)  -0.000 0.000
phiirg (deg) 00 00 Inc. seg. avg 9808.758 Sample rate(MSampis): 16 drwindow (nsis) -1.951 1951 phifig (deg) 00 00 inc. seg. avg. 9870.122 Sample rate(MSamp/s): 16 drwindow (ns/s) -1.951 1951
ampfirq (%) 00 00 Inc. frg. avg, 9808.764 Data rate(Mb/s): 32 nlags: 256 t_cohere infinite ion window (TEC) 0.00 0.00 ampfirq (%) 00 00 Inc. frq. avg. 9870128 Data rate(Mbis): 32 nlags: 256 t_cohere infinite ion window (TEC) 0.00 0.00

L:az2917 el 246 pa363

L:a2291.7 €1 246 pa36.
Control file: of_1234  Input file: /common/expts/g140121a_150512/1234/No_0005/LL..ydvsql

3 u,v (fr/asec) 0.000 0.000

simultaneous interpolator

Output file: Suppressed by test mode

V:az2955 €l 208 padd.2

V:az 2955 €120.8 padd.2

u, (fr/asec) 0.000 0.000

simultaneous interpolator

Control file: of 1234~ Input file: /common/expts/g140121a_150512/1234/No_0005/VV..ydvsql - Output file: Suppressed by test mode

Department of Earth and Space Sciences
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Chalmers University of Technology

Effect of integration length

2S

Mk4/DiFX fourfit 3.9 rev 6188

123700.yduige, No_0029a, LV
ONSALAB5 - WETTZELL, fgroup L, pol RR

Fringe quality 9

Inttime 1.8

Amp  105.457

Phase  -112
FD  0.0e400

Fringe rate (Hz)
521

lon TEC 0.00
Ref freq (MHz)

1601.3800
AP (sec) 0.160

/hy

/ \n

amplitude
£

ol
o oot M 5

2 Exp. g4

DllGa

= o s
singleband delay (4s)

o

2 ¥ 5
Avgd. Xpower Spectrum (MHz)

Amp. and Phase vs. time for each freq., 12 segs, 1 APs / seg (0.16 sec / seg.), time ticks 1 sec 031.758"
Al °
= 2
Eg . a
vmmf T
@ H
5 SLv
g i
g . . . . . . . . . . . s
160158 Freq (Me)
1120 Phato
1053 gl
2572 560 b
u 26 APs usod
39 PG RN delays (ns)
39 PC RV dolays (ns)
Ly 9090 PG phaso
v 00 Mari PG
Lo PCamp
Vo
L LoovR Ghanids
v LouR Ghanids
Gro oty (soomocel  S31ZTIOSTOISED1  Aprn oty (s 551280970799E401  Rsid modelay (useo) 390286604 4 14E90
Sband delay (us 348470790E401  Aprion clock (usec) 24100006202 Fosd sbdlay (usec) 6TN0EGS - 14E03
Phase deay (usa S51200m005E 01 Apron e (ub) 0000D00E+00  asid phdaly (usec) 194270608 1. 40E06
iy e (055 2744259916460 Aprioi ale (usis) 2744319672401 Resi ate (st SS4560E06 1 36E06
Totel phase (deg) Aprion el (us7) 242036854115E05  Resid phase (o 20 w23

AMS  Theor  Ampliud
piiseg(deg) 94 40 Searh eoxe)
ampiseq (%) 62 7
phigdeg) 00 12 1o Sog avg
Pia () 01 2 Inc. g, avg
1 2 01231

105.457 - 2128
105279 Pl rate: 7 B06E-02,

Peal mode: MULTITONE, MULTITONE
“T806E02 (usfs)

Bisisampl: ampCriNorm: disabled
e ol meSariy: 16
msm Data rate(s): lags: 256 {_cohere infinte

(fasec) 18.485 14.981

Gorrot e ek oo commonsngagt401 6. 5051211298 e, TS8ARY e Ol Suppressed by et mode

SNR 49.6

Pl prod (471999, 9038

jow (us) 1000 1.000
o wmiow sy 0000 0000
Grwindow (nsfs) 0010 0010
fon window (TEC) 000

o
simultaneous interpolator

Mk4/DiFX fourfit 3.9 rev 6188

123700.yduhlb, No_0029, LV
ONSALA8S5 - WETTZELL, fgroup L, pol RR

g T T T T T T Fringe quality 9
8 I ode H
I i
Inttime 12,913
[l mp  106.429
2 Pha -67.
g 1l PFD  0.0e+00
= ] Delays (us)
g2 ‘ ‘ 8D 0013732
3 MBD -0.000274
Fringe rate (Hz)
i 0.000644
ol | lon TEC 0.0
MY of freq (MHz)
. et I
-8 - -os R ! . AP (sec)  0.160
deloy rofe (ns/: o ®
8 E € Exp. g140116a
2 B N _Exper 16383
3 o 8'F Yrday 2014016
g S S Start 123701.92
ER EF . Jo Stop 123715.04
a8 8 . 2| 8 FRT 123707.00
A, SRR
£ [ N %48 2 ComFFibuid
HIRY 17 S2015:133:100534
o o V 8 2015:133:172201
] o 5 2 ¥ 3 7 2014:204:120420
singleband delay (us) Avgd. Xpower Spectrum (MHz) & Dec (J2000)
02n30m39.63625
Amp. and Phase vs. time for each freq., 82 segs, 1 APs / seg (0.16 sec / seg.), time ticks 1 sec 10'31.758"
Al o
B o
Egliv ittt Aot A A e ettt o
8 TRt : 8
vaia (I
= . o . . o
g el e L - H
160138 Freq (o)
79 ko
1059 .
2574 Sad box
un 826 Ps usod
e PO
v 62 PG flags
Ly 128426 PG prase
00 Man 5C.
amp
vy
\ toova Chanics
v LouR Ghanids
Group el soomoe) SauSTSSISIOE 01 prn oy (uso) 534810706706E+01  esid mbdolay (usec) 27IOEOL - 5908
Shand dolay 334948023706E101  Apron clock (usec) T2410000E/02  Rowd sbaele (usee) TaTHE0: W S3E0H
Phase delay (use 31809825003E 401 Apio clockral (uss) ODD0OE.00  asid phaly (usec) 1I7BNEQ 1. 1SE0
Datay et (uss) 2745669164S6E 01 Apriorao (1sS) 274STERGOSOOED!  Resd ralo (us) 525906 1. 20E07
Totalprase (dog) Rorion acce o) 24100680276505  Rewid pnase (6e0) W78 w09
AMS Theor  Ampitudo 106.429.4-0814  Peal mode: NORMAL, NORMAL Peal pariod (4P') 9999, 9999
phiseg (dog) 8O 40 Soarch (256E) 105,843 Peal rate: 1. 174E-05, -2 18906 (usi) b window (us) 8000 8000
imseq (4 53 69 iier Bilsampie ampCriorm: disabied  mb window (us) -0.000 0,000
pae) 00 04 Pewges  ioeeo Samsl iisanps) 1 rvindow (1) 1951 1951
08 Inc o avg Data ate(Ms) egs: 250 1_conere fite on window (TEC) 000 000
P ) W (asec) 18,486 14.981 simutaneous interpoltor

oot e 1234k e commonsg1401 68 505121129 6o, GOROLY- ekt Culput e Supeeese b st mod

SNR 130.7
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Mk4/DiFX fourfit 3.9 rev 6188

300 s

123700.yduohc, No_0029, LV
ONSALA8S5 - WETTZELL, fgroup L, pol RR

Fringe quality 7
ode H

2 6
& Intime 294.348
Amp 9697
2 1 Phase 108
2 FD  0.0e+00
= Delays (us)
£2 i 8D 0.014230
£ MBD -0.000390
Fringe rate (Hz)
2 -0.00991
lon TEC
Ref freq (MHz)
o 1601.3800
e - ! s AP (sec)  0.160
T g8 Exp graottea
g | H . Exper /16383
® | 22 85 Yrday 2014016
EE] | 58 A 3 Start 123701.92
= ‘ 22 o, Stop 124200.00
o2 N g8 $ FRT 123930.00
s A Sg 8 2 Corr/FFlbuil
8 VAN ] i T 2015133150945
o o 8 2015:133:171827
=5 o g 2 3 5 a7 2014:204:120420
Singleband delay (s) Avgd. Xpower Spectrum (MHz) A & Dec (J2000)
02n30m39.63625
Amp. and Phase vs. time for each freq., 207 segs, 8 APs / seg (1.44 sec / seq.), time ticks 2 sec 1031.758"
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Chalmers University of Technology

Phase unwrapping

Residual phases only

phase phase
400 T 500 T
3501 -
o _
3001~ ° ° _
-500( oo B
2501~ i o
) @
o o
o o
Q - 1) o
< 2001 ° ° B < -1000[- E
P o P 00
172} 172}
© ©
< <
Q Q
150 B
-1500+ °° oo E
1001~ -
-2000+ o 7
501 i 0% o
0 I I I ° I I o 1 L _0500 I I I I I I I
0.61 0.612 0.614 0.616 0.618 0.62 0.622 0.624 0.626 0.61 0.612 0.614 0.616 0.618 0.62 0.622 0.624 0.626
time (day) time (day)

original unwrapped

Phases hopefully can be unwrapped, thus phase-delays might be determined

Department of Earth and Space Sciences




CHALM ERS "f‘f‘ff Chalmers University of Technology

Conclusions and outlook

e Successful correlation of several On-Wz GLONASS-
VLBI experiments using DiFX

* Post-correlation analysis with Fourfit successful
* Phase delays hopefully can be determined
e Apriori delay model needs to be improved

* Further work is necessary to characterize the
accuracy level that can be reached

* Import to geodetic post-processing software

* Further test experiments, potentially with more
stations, would be nice
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