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Graz HEO Tracking

Questions / Suggestions by Mike Perlman:
Graz experience to date:

- What does a set of pass residuals look like?

- What strategy do you use to decide which GNSS satellites to track?

- When are you successful, When are you not successful?

- Has expanded tracking on GNSS reduced your ability to track other satellites?
- Which ones are suffering?

- Any advices to other stations
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GWF

Graz: Extensive Pass Switching
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20 LEO, 14 HEO: 34 Passes in 7.1 hours
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Graz Pass Switching: Day 295/2012:16:57-24:00 UTC
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q? Graz strategy for tracking of HEOs / LEOs © on

7 Orbitron 3.71

Typical / daylight

Actual: Glonass 121
Next: Glonass 102
Next: Glonass 130

Next: Etalon-2

Next: Repeat sequence

Continue until next LEO

No LEO available now

(SwarmB/C are too low)

G20 A G223 -~

Graz: 15,4233° 0, 47.0617° N 7T_f\] 2014-04-2213:50:29 (UTC)
Az 67,3°, EL 0,0 Orbitron 3.71 - (C) 2001-2005 by Sebastian Stoff kein Objekt unter Zeiger
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Cle Geostationary: About 2 hours of tracking; night

Hl S| R Graz WinClean Program --- Version 2.2 2013-06-26 / Check_Proce:
Open Broom ReDraw Statistics Create NPs Store Finalize this Pass AutoClean TB LEFit AutoLEFit Delete this Pass Use List File Options Lomb BackScatter ReturnRate Debris Exit

I1A 105 14: 35 222 Pts; ElMax: 48.2°; TB: 0.0 ms

10.218
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IRNSS1A: Indian GNSS: Geostationary orbit; each slot: = 2 minutes, = 1 k valid returns
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A closer look to the same pass ....

SLR Graz WinClean Progran Actual Values

Open Broom ReDraw Statistics Create NPs Store Finalize this Pass AutoClean TB LEFit Auto LEFit Delete this Pass Use List File Options Lomb BackScatter ReturnRate Debris Exit

I1A 105 14: 14 342 Pts; ElMax: 48.2°; TB: 10.0 ms

I1A 1685 14: Parameters / Ualues
16.6060 / 1.888 ms Tbias /7 TBStep
6.868 / 1.000 m Rbias / RBStep

-7.559

1 1: Plot ALL Points

- ; 1 1: Plot HNoise
s 8 1: Plot Pass Length
. 1 Plot Point Size (8-5)
%3
2%
o 36 343 Total Points

14 342 { 39.5%) Remaining Pts
o3 ] Poly-Fit
o
i 8.6 mm Peak Minus Hean
R 0.000 Skew
%3 0.0868 Kurtosis
ke 6.6060 Sigma used

211.300 mm ZMean - ZHMin

5:1: 2519 Passes in 2014
. 8 NPs stored; 8 Pts/NP)
o~
£ 188.509°  Azimuth
2 44.941° Elevation
s 37407 .238 km Range 1-way
k& -7586.564 mm Residual 1-way
i 29221.875 s Time into Pass
e
.

Yo

1400 pr Field-of-VUiew
20 pr Divergence
2806 ns Range Gate
6.686868 ° Az Offset
6.68668 ° E1 Offset

S RO

-7.850 -

112674 ps PreCal Ualue

% 12 ps PreCal Jitter
§§ 14 % PreCal Quote
@ 112679 ps PosCal Ualue
o4 12 ps PosCal Jitter
b 10 % PosCal Quote
e
3
4.1 % Temperature
961.5 % Pressure
63 % Humidity
4 Format Uersion

AL isr6041 47.1°
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GWF

Bl S| R Graz WinClean Program --- Version 2.2 2013-06-26 / Check_Processed_Passes
Open Broom ReDraw Statistics Create NPs Store Finalize this Pass  AutoClean TB LEFit AutoLEFit Delete this Pass UseListFile Options Lomb BackScatter ReturnRate Debris Exit

L0O4 106 08: 59 037 Pts; ElMax: 65.1°; TB: 4.0 ms

2.621
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Safellite: Galileol04
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Open Broom ReDraw Stat

ics Create NPs  Store

L04 106 08:

ize this Pass

Actual Values

AutoClean TB LE

17 152 Pts; ElMax: 65.1°;

Delete this Pass  Use

g-Poly: RMS =12.7 mm; TB:

Auto LE t File Options Lomb BackScatter ReturnRate Debris Exil

4.0 ms

4.668 /7
5.608 /

0.026 7=

oo

293 399
17 152

-3.4 nm
-8.885
2.033
2.208
27 .849 nm

2542
11

239.161°

62.152°
238160.593 km
-7586.564 nm
29221.875 s

130 pr
18 pr
200 ns
6.08080 °

0.000
d

112683 ps
14 ps
19 %
112680 ps
12 ps
13 %

16.0 %
963.6 %
41 %

N

Le4 186 88: Parameters / Ualues

0.125 ms Thias / TBStep
1.666 m Rbias / RBStep

1: Plot ALL Points |
1: Plot Noise

1: Plot Pass Length
Plot Point Size (0-5)

Total Points
{ 5.8%) Remaining Pts

Poly-Fit

Peak Minus HMean
Skeuw

Kurtosis

Sigma used
Z2Mean - ZMin

Passes in 2614
NPs stored; 1549 Pts/NP|

Azimuth
Elevation
Range 1-way
Residual 1-way
Time into Pass

Field-of-View
Divergence
Range Gate
Az Offset
E1l Offset

PreCal Ualue
PreCal Jitter
PreCal Quote
PosCal Ualue
PosCal Jitter
PosCal Quote

Temperature
Pressure
Humidity

Format Uersion

Satellite: Galileol04
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GWF

Il S| R Graz WinClean Program --- Version 2.2 2013-06-26 / Check_Processed_Passes
Open Broom ReDraw Statistics Create NPs Store Finalize this Pass  AutoClean TB LEFit AutoLEFit Delete this Pass Use ListFile Options Lomb BackScatter ReturnRate Debris Exit

LAZ 105 08: 71 328 Pts; ElMax: 63.5°; TB: -0.6 ms
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35.3° HA SGF6051 61.6° Satellite: Lageos?2

RSN A 3 il MR- AR

LAGEOS-2: Daylight pass; 8 slots; Shortest: 18 s / 2200 Pts; Longest: 71 s / 9000 Pts
Total: 18 NPs /30 k points; 5.0 mm RMS (Leading Edge Post Processing)
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Cle Graz: Mean Time for 1 HEO NP (=1000 valid returns)

Graz /| HEO / NIGHT TIME / 60° Elevation: . .
Mean Time for ONE Normal Point (1000 Returns) B nght' < 1 minute for 1 NP (1000 ptS)

- Day: Longer acquisition times;

120 -

01000 Points .
100 | m Acquisition sometimes no results at all @
° % 80 @ Mount Motion
g = .
ES g - In any case: << 5 minutes; thus we can
$£5 4 get several NPs (of different HEOs)
20 | —— in ONE 5 * slot (up to 4 or 5 NPs)
N P B =
Glonass (uncoated) Galileo (uncoated) Glonass (coated) - MOunt: NeedS =~ 12 SeCOHdS
- Graz 1s tracking ALL HEOs:
Graz / HEO / DAY TIME / 60° Elevation: . .
- Glonass, Galileo, Compass, Indian)

Mean Time for ONE Normal Point (Returns)
- Negligible effect on LEO tracking

01000 Points .
100 | m Acquisition = (HEOS are available for hours ...)

@ Mount Motion

120 ;

Mean Time
for 1 NP [s]
o
o

40 +

Glonass (uncoated) Galileo (uncoated) Glonass (coated)
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SLR Global Performance 2013/Q3: LAGEOS NP RMS

Hitutsobashi University / Orbital Analysis
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