CHALM E RS E&i@“ Chalmers University of Technology

CHALMERS

First VLBI observations of the
APOD satellite on the
Onsala—\Wettzell baseline

Rudiger Haas, Andreas Hellerschmied,
Alexander Neidhardt, Jing Sun,
Grzegorz Klopotek, Thomas Hobiger

Department of Earth and Space Sciences 1




CHALMERS Chalmers University of Technology

The APOD satellite

* Prototype of a geodetic co-location satellite

* SLR reflectors, GNSS receivers, S/X VLBI sender
* circular high-inclination orbit (97 deg)

* Low earth orbit (450 km)
* Launchedin 2015

* Frequencies:
— 5 DOR tones in X-band
— 5 DOR tones in S-band
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The APOD S/X sender

* S-Band: e X-Band:
0 2256.87 MHz o 8404.87 MHz
o 2260.98 MHz o 8420.19 MHz
0 2262.01 MHz o 8424.02 MHz
0 2263.04 MHz o 8427.85 MHz
0 2267.15 MHz o 8431.66 MHz

Signal transmission needs to be “ordered”, i.e. arranged at least one day ahead of time
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The APOD S/X signals

Chalmers University of Technology
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The APOD ground track

 Ground track causes
visibility constraints:
— Short visibility times
(5 —-10 min)
— Few stations can see

the satellite
simultaneously

— Predominately
North-South track
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Observations

* Telescopes need to be rather fast-slewing
— About 2-3 deg/s in az/el required

— TLE-tracking from the ACU preferred (works with
WETTZELL 20 m and WETTZ13N

* Problem at Onsala 20 m: no TLE tracking possible,
instead kinematic 1 s updates to follow satellite track

e Test observations with On— Wz - Wn
— DOY207, 25 July 2016
— DOY263, 19 September 2016
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Whn

207b: WETTZ13N (2016-07-25 16:00:50 - 2016-07-25 16:05:40)
0

Wz

207b: WETTZELL (2016-07-25 16:00:50 - 2016-07-25 16:05:40)
0
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Observations AP207b

Station: ONSALAG0
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AP207b

e WETTZELL: problem with tracks allocation
* WETTZ13N: recording problems, not all data recorded

* ONSALAG60: potential problem due to kinematic step-
wise tracking

e So far only auto-correlation
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Auto-Correlation AP207b On
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2256.37 2260.48 2261.51 2262.54 2266.65 Freq (MHz) All 8419.69 8423.52 8427.35 8431.16 Freq (MHz) All
0 0 0 0 hase 00 0 0 0 0 Phase 00
10000.0 10000.0 10000.0 10000.0 10000.0 Ampl. 10000.0 10000.0 10000.0 10000.0 10000.0 Ampl. 10000.0
129.0 129.0 129.0 129.0 129.0 Sbd box 129.0 129.0 129.0 129.0 129.0 Sbd box 129.0
UL 80 8/0 8/0 8/0 8/0 APs used UL 80 8/0 8/0 8/0 APs used
X 630 520 490 460 350 PC fregs X 310 480 650 840 PC fregs
X 6 490 350 PC fregs X 310 480 650 840 PC fregs
XX 147:147 117:117 112:112 104:104 -9:-9 PC phase (X 5:5 99:99 -168:-168 59:59 PC phase
XX 0 0:0 0.0 Manl PC X:X 0:0 0:0 0.0 0.0 Manl PC
X 326 326 226 297 329 PC amp X 245 228 243 231 PC amp
X 326 326 226 297 X 245 228 243 231
SO00UR SO1UR S02UR S03UR S04UR Chan ids XO05UR X06UR X07UR XO08UR Chan ids
X Tracks X Tracks
X SO00UR S01UR S02UR SO03UR S04UR Chan ids X XO05UR X06UR X07UR XO08UR Chan ids
Tracks Tracks
Group delay (usec)(model)  0.00000000000E+00  Apriori delay (usec) 0.00000000000E+00  Resid mbdelay (usec) 0.00000E+00  +/-  6.3E-06 Group delay (usec)(model)  0.00000000000E+00 0.00000000000E+00  Resid mbdelay (usec) 0.00000E+00  +/-  5.4E-06
Sband delay (usec) 0.00000000000E +00 Apriori clock (usec) 0.0000000E+00 Resid sbdelay (usec) 0.00000E+00  +/-  7.2E-05 Sband delay (usec) 0.00000000000E+00 0.0000000E+00 Resid sbdelay (usec) 0.00000E+00  +/- 8.1E-05
Phase delay (usec) 0.00000000000E+00  Apriori clockrate (us/s) 0.0000000E+00  Resid phdelay (usec) 0.00000E+00  +/- 18E-08 Phase delay (usec) 0.00000000000E+00 0.0000000E+00  Resid phdelay (usec) 0.00000E+00  +/-  5.5E-09
Delay rate (us/s) 0.00000000000E +00 Apriori rate (us/s) 0.00000000000E+00 Resid rate (us/s) 0.00000E+00  +/-  4.0E-09 Delay rate (us/s) 0.00000000000E+00 0.00000000000E +00 Resid rate (us/s) 0.00000E+00  +/-  1.2E-09
Total phase (deg) Apriori accel (us/s/s) 0.00000000000E+00 Resid phase (deg) +- 0.0 Total phase (deg) Apriori accel (us/s/s) 0.00000000000E+00  Resid phase (deg) +- 0.0
RMS  Theor. Amplitude 10000.000 +/- 1.308 Pcal mode: NORMAL, NORMAL Pcal period (AP’s) 5, 5 RMS  Theor. Amplitude 10000.000 +/- 1.463 Pcal mode: NORMAL, NORMAL Pcal period (AP’s) 5, 5
phiseg (deg) 0.0 00 Search (32X8192)  10000.000 Peal rate: 3.380E-08, 3.380E-08 (us/s) b window (us)  -32.000 32.000 phiseg (deg) 0.0 0.0 Search (32X4096)  10000.000 Pcal rate: 4.221E-08, 4.221E-08 (us/s) sb window (us)  -32.000 32.000
amplseg (%) 0.0 0.0 Interp. 0.000 Bits/sample: 2 ‘SampCniNorm: disabled mb window (us) -50.000 50.000 ampiseg (%) 0.0 0.0 Interp. 0.00¢ Bits/sample: 2 SampCntNorm: disabled mb window (us) -33.465 33.465
phifrq (deg) 0.0 0.0 Inc. seg. avg. 9999.999 Sample rate(MSampls): 2 drwindow (ns/s) -0.222 0.222 phifrq (deg) 0.0 0.0 Inc. seg. avg. 9999.999 Sample rate(MSamp/s): 2 dr window (ns/s) -0.059 0.059
amplirq (%) 0.0 0.0 Inc. frq. avg 9999.999 Data rate(MbJs): 20 nlags: 128 t_cohere infinite ion window (TEC) 0.00  0.00 amplfrq (%) 0.0 0.0 Inc. frq. avg. 10000.000 Data rate(Mbls): 16 nlags: 128 t_cohere infinite ion window (TEC) 0.00  0.00

X:az 1237 el 57 pa-27.3 X:az 1237 el 5.7 pa-27.3 u,v (fr/asec) 0.000 0.000
Control file: ¢f_1234  Input file: /kare/AP207b/1234/0001.160050/XX..zbxijc  Output file: Suppressed by test mode

simultaneous interpolator X:az123.7 el5.7 pa-27.3 X:az123.7 el 5.7 pa-27.3 u,v (frlasec) 0.000 0.000

Control file: cf_1234  Input file: /kare/AP207b/1234/0001.160050/XX..zbxijc ~ Output file: Suppressed by test mode

simultaneous interpolator
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Auto-Correlation AP207b Wn
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2256.37 2260.48 2261.51 2262.54 2266.65 Freq (MHz) Al
00 0 0 0 0 hase 00
10000.0 10000.0 10000.0 10000.0 10000.0 Ampl. 10000.0
1290 129.0 129.0 1290 1290 Sbd box 129.0
UL 1000 1000 1000 10/0 1000 APs used
630 520 490 460 350 PC fregs
630 520 490 460 350 PC freqs
LL -76:76 -68:-68 -123:-123 -39:-39 85:85 PC phase
LL 00 00 00 00 00 Manl PC
L 0 0 1 1 PC amp
L 0 0 1 1
SO00UR SO1UR S02UR S03UR SO04UR Chan ids
t Tracks
| SO0UR SO1UR S02UR S03UR SO04UR Chan ids
Tracks
Group delay (usec)(model)  0.00000000000E+00  Apriori delay (usec) 0.00000000000E+00  Resid mbdelay (usec) 0.00000E+00  +/-  5.6E-06
Sband delay (usec) 0.00000000000E+00  Apriori clock (usec) 0.0000000E+00  Resid sbdelay (usec) 0.00000E+00  +/-  65E-05
Phase delay (usec) 0.00000000000E+00  Apriori clockrate (us/s) 0000000E+00  Resid phdelay (usec) 0.00000E+00  +/-  1.7E-08
Delay rate (us/s) 0.00000000000E400  Apriori rate (us/s) 0.00000000000E+00  Resid rate (us/s) 0.00000E+00 -  2.9E-09
Total phase (deg) Apriori accel (us/s/s) 0.00000000000E+00  Resid phase (deg) +h- 0.0
RMS  Theor. Amplitude 10000.000 +/- 1.170 Peal mode: NORMAL, NORMAL Pcal period (AP'S) 5, 5
phiseg (deg) 0.0 00 Search (32XB192)  10000.000 Pcal rate: -3.683E-05, -3.683E-05 (us/s) b window (us)  -32.000 32.000
amplseg (%) 00 0.0 Interp. Bits/sample: SampCntNorm: disabled ~ mb window (us) -50.000 50.000
phifrq (deg) 00 0.0 Inc. seg. avg. G955.999 Sample rate(MSamp/s): 2 drwindow (nsfs) -0.222 0.222
ampfirq (%) 00 0.0 Inc. fra. avg 10000.000 Data rate(Mb/s): 20 nlags: 128 t_cohere infinite ion window (TEC) 0.00 0.00

L:az 123.5 el 10.7 pa-34.0

L:az 123.5 el 10.7 pa-34.0

u,v (fr/asec) 0.000 0.000

Control file: ¢f_1234  Input file: /kare/AP207b/1234/0001.160050/LL..zbxijc ~ Output file: Suppressed by test mode
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simultaneous interpolator
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8419.69 8423.52 8427.35 8431.16 Freq (MHz) All
0 0 0 Phase 00
10000.0 10000.0 10000.0 10000.0 mpl. 10000.0
129.0 129.0 129.0 129.0 Sbd box 129.0
UL 1000 10/0 10/0 10/0 APs used
L 310 0 650 840 PC fregs
L 650 840 PC freqs
LiL 120:120 -17:-17 -156:-156 838 PC phase
LiL 0 0:0 0:0 Manl PC
L1 0 1 PC amp
L1 0
L XO05UR X06UR X07UR XO08UR Chan ids
Tracks
L XO05UR X06UR X07UR XO08UR Chan ids
Tracks
Group delay (usec)(model)  0.00000000000E+00  Apriori delay (usec) 0.00000000000E+00  Resid mbdelay (usec) 0.00000E+00  +/-  4.9E-06
Sband delay (usec) 0.00000000000E+00 0.0000000E+00 Resid sbdelay (usec) 0.00000E+00  +/-  7.2E-05
Phase delay (usec) 0.00000000000E+00 0.0000000E+00  Resid phdelay (usec) 0.00000E+00  +/-  4.9E-09
Delay rate (us/s) 0.00000000000E+00 0.00000000000E+00 Resid rate (us/s) 0.00000E+00  +/-  8.6E-10
Total phase (deg) Apriori accel (us/s/s) 0.00000000000E+00 Resid phase (deg) +- 0.0

AMS
phiseg (deg) 0.0
ampiseg (%) 0.0
phifrg (deg) 0.0
amplfrq (%) 0.0

L:az 1235 el 10.7 pa-34.0

Theor. Amplitude 10000.000 +/- 1.309
00 Search (s2X406)  10000.000

00 Interp.

00 Inc. seg. avg. Sav6.390

00 Inc. frq. avg. 10000.000

L:az 1235 el 10.7 pa-34.0

Pcal mode: NORMAL, NORMAL

Peal period (AP's) 5, 5

Pcal rate: 1.109E-06, 1.109E-06 (us/s)

Bits/sample: 2
Sample rate(MSamp/s): 2
Data rate(Mb/s): 16

u,v (frlasec) 0.000 0.000

Control file: cf_1234  Input file: /kare/AP207b/1234/0001.160050/LL..zbxijc ~ Output file: Suppressed by test mode

SampCntNorm: disabled

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

-32.000 32.000
33.465 33.465
-0.059 0.059

nlags: 128 t_cohere infinite ion window (TEC) 0.00 0.00
simultaneous interpolator
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AP263b and AP263c

* WETTZELL: potential problem with track allocation in
VEX-file again

* ONSALAG6O: “shooting ahead” tracking this time

* Data not correlated yet
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Conclusions

* Several attempts to perform S/X observation of the
APQOD satellite on the baseline Onsala—Wettzell

e Difficulties due to high satellite speed:
— Short visibility and thus observation times

— Kinematic tracking at Onsala where TLE-tracking is not
implemented yet

* Signals were detected at all participating stations
 Some problems in vex files, e.g. track allocation
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Outlook

e Observations:

— Further test experiments planned with Onsala and Wettzell,
maybe include further stations along North-South direction
(Ny-Alesund, Medicina?)

* Correlation:

— DiFX using a priori delays from the near-field model APP in
c5++

* Analysis:
— Aim: Preparing VGOSDB and geodetic VLBI data analysis
software c5++
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