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SkyVision: a whole sky monitoring software for SLR
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gAW CIWF History and motivation

B Obsolete software and programming languages: Orbitron + Labview (sky picture).

B State-of-art cross-platform software: Qt for Window and Linux.

B Possibility and efficiency for upgrade and maintenance improvement.
B \Way of heading to automated system.

B Functionalities:

- Satellite schedule - Satellite characteristics

 Sun position and distance « Laser point ahead

« Satellite visibility Tracking records

 Cloud coverage  Tracking decision

* Local hardware status «  Aircraft position & direction / laser shut down automatically
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INSTITUT FUR WELTRAUMFORSCHUNG
—

OAW (IWF Scope of SkyVision

. SkyVision View:: SkyVision

Satelte/Debris | Arcraft | Star | SpedelTarget | Configuration | Logs

Print sheet
pass name Pri. NORAD begin dur./rem. Predct. TB e. Az Entries Campaign vis. che-- o

v LA1089419 Lageosl 608.808 03820 19:22 57/ 14 SGF@9401 . - - o Search Load Filter Clear g L]

v LAS89419 Lares 50.0088 33077 19: 19/ 1 SGFesdel Show prioritized targets only

Warning N
SE6B89426 Sentinelba 16.060 46984 28: 15/---- EUMB9481 - - - Type switch (ILRS) h

I1F@9400 IRNSS1F 41384 @1: 2013/ 897 ISR@9301

Debris

Jason2 10.060 33185 20: 17/ 14

I1A@9412 IRNSS1A 39199 13: 704/ 280 ISR@9301
11189413 IRNSS1T 43286 13: 682/ 314 ISR@9381

Pass name
11509415 Galileo207 41859 15:56 316/ 68 ESAB9A0L . d L ;a(e\h(ename
riority
C4609416 Beidou3m22 44793 16:27 276/ 58 SHAB9201 . . . NORAD
COSPARE
L6769416 Galileo203 46544 17:00 244/ 68 ESAB94G1 . . . NASA SIC
Pass begin
€3469416 Beidou3md 43207 17:03 288/ SHA@9281 . . . Pass end
Duration/remain
L6469417 Galileoled 38858 18:04 432/ ESAB9481 5 a o Prediction code
B internally est.
Gorizont15 19017 18:21 256/ 5 d b B externally est.
RE internally est.
16209418 Galileol02 37847 18:28 380/ ESAB9401 5 3 b RE externally est,
Az+ Direction
C3F9418 Beidou3mlS 43648 18:51 216/ SHAB9201 . . . EVEl max.
El direction
10309418 Galileol@3 38857 18:52 456/ ESAB9401 . . L ;mea(max. El
€3309418 Beidou3m3 43208 18:55 328/ SHAR9281 . . . ;
Glonass@98 28917 18:57 164/ . . . Distance
Perigee
ET209418 Etalon2 20026 19:10 244/ DGFE3481 . . . Apogee
Inclination
RCS

12669418 Galileo222 43565 19: 232/ ESAB9461 0.9

Launch Date
Glonasses6 22056 19:17 144/ . .3/70. Obs. entry
His. pass
1309419 Compassh3 38250 19:19 252/ SHAR9301 . .5/51. Campaign
Visibility change time
62989419 Glonass129 37868 19:20 308/ Copesse1 . 7/72. Visibility string

63389419 Glonass133 40001 19: 76/ CoDesael

Glonass@63 230844 19:

Pasz GOS09417  Setelte GOMiZONt15  Presicions A2156.0 E 30.8 Dmex=390943 TB na _— 3 =
1s:21 [N 1NN 1 O N [ O [ O [ [ [ : e Mon Oct 16 2023
Print today sheet Dis.: 25 k ) I 05:31:00 [pemls Qim0 N
00 R a3 + [ Configuration \

961.80 [mBark; 20 ['C: 43.0[%] satelite LIVE (26): 0 arcraft: €20 6 06D Mount: 162.05 40.0° |  AC alarm (enabled) ~ Sky IMG: Ok  SunDist: 68.8°  HEO filtered (0)

OEAW.AC.AT/IWF




INSTITUT FUR WELTRAUMFORSCHUNG

LT )
OAW (IWF Pipeline of SkyVision

conse ctetur adipiscing.

Predictions Aircraft
Download CPF/TLE, GFZ, Lorem ipsum dolor sit amet,
convert to local coordinates %

Telescope tracking _@_ Laser pointing correction
Display telescope position coo Laser pointing ahead
Show current tracked satellite === correction

O Visibility
Target visibility calculation and
display.

L
N

Sun ;@

Sun position avoidance 7N =)

Cloud coverage Success / tracking records, NP / entries

OEAW.AC.AT/IWF 4



OAW (IWF Scheduler on SkyVision

= Graz is tracking > 150 cooperative and > 300 uncooperative targets currently with SLR and LC. l

= Tracking strategy: LEO, full pass; Lageos & HEO, entries / NP as many as possible.
= For HEO > 5 entries / distributed equally over the pass are suggested.

= Hide HEO which already has a successful NP in current entry time period.

4.0 A5 E5AZE0] R Sulelli e Gulllen2D 92.%
SLR residuals include attitude information of satellite
Aaaft | S | SoccdTarget | Confgwreton | Logs (Steindorfer, 2019, doi.org/10.1007/s00190-019-01284-4)
pass name Pri. NORAD begin dur./rem. Predct. TBe. Az ; i e E.
15228906 Lares2  [60.800 53105 66:19 39/ 13 SGF28901 -0.1 < 17.2/18.9 v LosdFilter | Clear
86 Hy2c 10.000 46469 86:38 13/ 5 i 71.4 < 9w iized targets only H |gh e|evati0n
06 PAZ 16.000 43215 06:40 / -31.3 257.0 < / —

Jason3 10.000 41248 86:51( 5m) 1 - Cl -1.3 325

— —_H#6
C3F28902 Beidou3mls 43648 03:03 280/ 0.8 184.9 < — . #1 / \ #7

92 Glonass. 37869 ©3:04 32/ C € v + *

23 Beidou3m3 3208 83:3 84/ .8 55.8 < 64. v I — ‘

e — E—— P s — low — low
Glona ' : elevation elevation

83 Galileo214

B4 Glonass116 36111 04:28 35 €0D28901 12.1 5 7. _ SLR Graz track more entries/NP for HEO

04 Beidou3m21 44794 85:15

#3 #4  #5
’ . #2
L1228902 Galileo209 41174 02:47 312/ 3 -8.2 50.8 < ——

AAERRIARRRRRAENE

L8628984 Galileo282 40129 85:15
04 Galileo221 43564 85:15

CANIRAAE Raidnnimd AARAS O5-77

SeteliteB EIECIE /- 184.1 & 54. 0.8
N [ N [ N [ (N [ [N ) N N [ [ w m

Print today sheet

965.53 [mBarl; 2.6 ['C]: 1 Satelite LIVE (20): 2 17 arcraft: @38 12 (8D

HEO hided when the current
OEAW.AC.AT/IWF entry acquired 5



INSTITUT FUR WELTRAUMFORSCHUNG

LT )
OAW (IWF Satellite schedule with high priority filter

Satellite /Debriz Aircraft Star Special Target Configuration Logs

pass name Pri. NORAD  begin dur./rem. Predct. TB e. Az Entr ie s Campaignvis. ch . ‘eywords,

LA22921@ Lageos2 60.00@ 22195 10:38 66/ 9 SGF29201 63.1 . Search Load Filter Clear

SEB29211 Sentinel3b 106.800 43437 11:48(13m) 4/---- ESAZ29181 337.6 - -

LAS29211 Lares 50.000 38077 11:50(15m) 15/---- SGF29201 286.5

Warning
SWC29211 SwarmC 10.000 39453 11:54(19m) ESAZ29181 1.

SWA29211 SwarmA 10.000 39452 11:55(20m) ESA29101 3.
LAR29212 Larets 58.800 27944 12:13(39m) SGF29201 58.
HYD29212 Hy2d 10.000 48621 12:17(42m) SHA29201
ENVISAT 75.000 27386 12:25(56m)
15229212 Lares2 60.0808 53105 12:27(52m) SGF29201
IC229212 IceSat2 18.000 43613 12:53( 1h) GSF29101
11 CRY29212 CryoSat2 10.000 36508 12:54( 1h) ESA29101
12 HYC29213 Hy2c 18.000 46469 13:02( 1h) SHA29181
13 Tubin 90.000 48900 13:11( 1h)
14 BEC29213 BeaconC 18.000 01328 13:15( 1h) SGF29201
15 SWA29213 SwarmA 10.000 39452 13:30( 1h) ESA29101

16 SWC29213 SwarmC 18.000 39453 13:38( 1h) ESA29181

1

Pass SE329210 Satelite Sentinel3a Prediction# ESA29101 Az 357.7 B 5.3 Dsa=wxe 2788.4 TB na

10:45 | [ N [ O N [ [ O [ N N I D D O D N N O N O AW o:c-

Clear

Type switch (ILRS)

Print today sheet

944,90 [mBarl; 16.2 ['C]: 75.6 [34] Satellite LIVE (20): arcraft: (146 23 (@)

OEAW.AC.AT/IWF



LT )
OAW (IWF TB from GFZ / DiGOS

® TB from JSON public server (e.g. http://slr.gfz-potsdam.de:5000/tb/v1/cpf/Compassl5/SHA28601)
® Color coded TB values ( > +10 ms Red; < -10 ms blue;)

17.5
Sateliite/Debris Aircraft Star Spedal Target Configuration Logs One StatIOI’l SpOI|S
15.0 the flttlng
pass name Pri. NORAD begin dur./rem. Predct. TB e. Az Entr ie s Campaignvis. ¢ 10----* Keyword ated by ;' or SPACE
C3D29304 Beidou3ml3 43622 04:23 312/ 27- -1.0 77.5 2 v Search Load Filt~¢ Clear
11229304 Galileo209 41174 04:55 440/ 188 ESA29201 54.9 Show priorized targets orly
G3329305 Glonass133 40001 05: 228/ 21 C0D29301 204.0 e
El] X
3929306 Beidou3m9 43245 06: 184/ 19
3229306 Beidou3m2 43002 06: 336/ 183
L1829306 Galileo214 41862 06: 480/ 352 ESA29201
L2729306 Galileo223 49809 06: 300/ 172 ESA29201
18529306 Galileo201 40128 07: 136/ 12 ESA29201
GE429307 Glonass144 52984 07: 200/ 89 NER29201 s 2 - v v
o®® o o®® o®® o®® o® o®° ot
2929307 Glonass129 37868 07: 312/ 225 COD29301 . E . c'\3Q W\,ﬂ o Q-\"Q 0,\1° 0,\%0 0_\9" o®
101“"\ ,1013‘\ 101"'\ 101“"\ 101”'\ ,LQ*D'\ 101"'\ 101“’\

63929307 Glonass139 43687 07: 96/ 25 C0D29301
(3529308 Beidou3m5 43581 08: 23-
GE629308 Glonass146 54377 08: 125 NER29201
(3129308 Beidou3ml 43001 08: 151 -2.
(4029308 Beidou3ml6 43647 08: 67 0.
L1329308 Galileo210 41550 08: 68 ESA29201 -12.

rA270308 RoidniAmiR AT707 0Q- 1R7 SHA2RAQAT 17

Pass C4229308 SatliteBeidou3m18 Predition=[SRWLIISNN Az 121.0 E 27.5 Ditance24364.0 doar
09:03 [l 11:55

switch (ILRS) X

Print today sheet

943.73 [mBarl; 17.2 ['C]; 76.5 [%] Satellite LIVE (23): Arcraft: @58 23 @B



http://slr.gfz-potsdam.de:5000/tb/v1/cpf/CompassI5/SHA28601

INSTITUT FUR WELTRAUMFORSCHUNG
—

OAW (IWF Debris on SkyVision

€ RCS, orbits parameters are crutial for SDLR.
® Historical records help obersever selecting targets - more than one target at the same time.

Satellite/Debris Aircraft Star Special Target Configuration Logs

BERRERNNNENNEERNRREREERNEERERERRRND et Qve: 8 \
4 3/9 min ; — .3857(71‘9> Print sheet @ [Detols (®7828908)  \___

i 1S14(3'9)

pass name Pri. NORAD begin dur. /rem. Az El dis[km] perigee apogee RCS

Pass B7828908

fame Ste3-R/B SL-18_R/B 36589 @7:58 15/ 1 338. L2/71. 2798.3 874.8 1208.8 6.32 02.86.2010 Search Load Filter Clear

Prior. 9.100

CZ-4B_DEB 25733 08:03 12/ 3 202. .2/79. 1723.0 825.1 846.6 8.10 10.85.1999 P A

Warning e

I;’::] eg:gl.ag;;e 0AQ 2 @3597 03:08 &/ 3148 .3/12. 2068. .3 742, .41 @7.12.1968 W
5L-8 R/B 11327 @8:09 18/ 6 51. .2/15. 2347, .3 995. .29 11.04.1979

NORAD 12904

ﬁgz:‘\“ 1981'1??; THOR_AGENA_D_R/B @ae733 @38:03 12/ 3 282. L2/79. 1723.8 759.2 8@6.2 4.71 19.81.1964

ggr TLE785: Satelite (ILRS)
NIGERIASAT_X 37790 08:89 7/ a .5/13. 1914. .6 785. .21 17.88.2011 .

Az 2.8 > 2

El 38-2 )% S5L-14_R/B 16409 03:10 6/ . .5/ 8. 2801. .8 956. .79 26.12.1985

Max.E1 T Pass name
Range 808.221 SL-8_R/B a573@ e3:1@ 5/ = .7/13. 1248. - = .69 27.12.1971 ;“E'!'t“‘a"‘ﬁ
riority

\ \
JBoRa1a X dersis. NIMBUS_7 11080 08:18 7/ . .47 9. 2712. . 7 3. .10.1978 NORAD

1162711 COSPAR#
z 5446389.

CZ-4C_R/B 32290 08:1@ 6/ - .8/87. EELS - - - .11.2007 NASA SIC
Perig. 522. Pass begin
Apog. b2 CZ-4C_DEB 36417 @3:18@ 16/ - .a/43. 2527. . - - -83.2e18 Pass end
et e Duration/remain
RCS e SL-14 R/B 15495 @8:11 4/ = .3/ 8. 2126. - = = B Prediction code
TB internally est.
Launchi = 15, 5L-16_R/B 19120 @8:11 11/ . .0/22. 2320. . . . .05.1988 TB externally est.
REB internally est.
CZ-4B R/B 25732 @8:11 124 = .9/76. 2217. - = = -85.1999 RB externally est.
Az+Direction
ARIANE_1_DEB 17129 @8:12 12/ 11 7. .2/63. 2215. . - - .82.1986 EV/El max.
El direction

5L-14_R/B 19275 @8:14( 1m) 4f---- 307. .0/ 7. 2356. - - - .07.1988 ;mfﬂtmﬂx- El

COSMOS_2228 22286 @8:14( 1m) 18/---- 348. .4/76. 2317. . - - -12.1992 ;

7 X ; GAOFEN_11 43585 @88:14( 1m) 5/---- 50. .3/1e. 2@55. - 5 5 .87.20818 Distance
\820( 1) 3 : Perigee
; > 5L-14 R/B 20262 @8:15( 2m) 28/---- 1. .4/36. 3507. . . . .09.1989 Apogee
Inclination
SL-16_R/B 25861 88:15( 2m) 9/---- 4. .5/42. 2377. - 5 .87.1999 RCS
Launch Date
Obs. entry
w876 7 His. pass
A859(129) Pass B7826008 Sasie SL-3_R/B  Presicions(JIUSLII fz 2.3 E 40.8 Demsce 7817 Pecee 5221 Amcee 5623 Res| 5.66

oz [{HEEENEEE EEEEEEEN EENEENEN EEEEEEEE EEEEEE : Freeze table

357(§FH221) Mon Oct 16 2023
e 08:07:30

|
03 03 0 3 [Configuration N

Mount: n/a AC alarm (disabled) ~ Sky IMG: Ok  SunDist: 139.4°  HEO filtered (0) 96547 [mBarl; 5.2 ['Cl; 89.1 [%] pebrisLIVE(1S): 1 (& [E aircraf: @83 17 @D

Print today sheet

OEAW.AC.AT/IWF




INSTITUT FUR WELTRAUMFORSCHUNG

OAW (IWF Visibility information

Sun

= Visualizing satellite helps for TB correction and tracking correction.

= Visibility calculation algorithm: “Visually Observing Earth Satellites”, Dr. T.S.
Kelso, https://celestrak.org/columns/v03n01/, only umbral eclipse used.

= SkyVision displays the visibility distribution through the pass and the change time. sutelite
Satellite-Earth-Sun Geometry

T - pecial Target  Configuration  Logs
pass name Pri. begin  dur./rem. Predct. TB e.
(4429300 Beidou3n20 865 24:31( 3h) 120/ .8/33.0 % wch | | LoadFiter | Cear
JA329300 Jason3 :31( 3h) CNE29261 9> 5.0/29. I Show prioited torgetsorly
NETSAT-3 2 an) 7 8> 5.2/20.17 —_—
3129300 Glonass131 :44( 4h) 156 cop2s2e1 6 .
11129300 TRNSS1T 4h) & ISR29161
NETSAT-1 (4h) 8
LAR29300 Larets 4h) / SGF29201
Galileo216 an)
ALOS 8 :57( 4h)
Jason2 8( 4h)
NETSAT-4 5 8( 4h)
Galileo207 85 ah)
Jasonl an)
NETSAT-2 25:03( 4h)
60629300 Glonass106 4h) 16 COD29261
63429300 Glonass134 E ( 2h) CoD29261
10129300 Galileol0l 8 8( 4h) / ESA29201
C4829301 Beidou3m24 5 an)

(C3E29301 Beidou3mld 25:23( 4h)

8 41/62.

Tubin 90.000 43 4h)

Adeos2 4h) 21/22.

78/81.

STA29301 Starlette 50.008 07646
23/39.

14 44/82.

on#  CNE29201 Az 267.0
292 19 25/80.
switch (¢ Details (1A329300)

Print today sheet Configuration

Mount: n/a AC alarm (disabled) tered (0)

OEAW.AC.AT/IWF



https://celestrak.org/columns/v03n01/

INSTITUT FUR WELTRAUMFORSCHUNG

OAW (IWF ADS-B and Aircraft avoidance

= AirSquitter equipped with ADS-B, MLAT, FLARM, GPS.
= Laser switched off automatically when any Aircraft appears in protect zone.

= Protect zone: 5° at low elevation; 10 ° at high elevation. E Jebin

ADS-B Receiver with MLAT
FLARM

SateliteDebris  Arcraft Specai Target  Configuration  Logs BNENNNNENN
Print sheet &
a { . GNSS alt Bar alt Grou d. Vertical spd. « [tems Config. TST 289
Last msg Last v ICAO Callsign v ) m [ h ) Lon  Squawk Departure
. . W, K05 289 ©
o S €33 289
€34 289
Elevation y C3F 289
Distance 2 44 289 29/83
Track Ne
Altitude GNSS : Y 45 289 84 32/60
Altitude barmeter A
Ground speed i C46,280 288
al speed M3 289 03 58/74
Latitude
Longitude T \ G16 289 54/88 ~
Squawk <

Type 627 289 62/72 v

1000
1000 60/90 *
Options
ot 17/41 ~
Freeze table Les 288

L1e 289

000 Track AC

L12 289
L17 28
118 289

L21 289 0

L27 289

05:31:09  |Detals (L1828903)

03 oS [Configuraton

ArCraft: Mount: 162.0%, 40.0° | AC alarm (enabled) ~ Sky IMG: Ok SunDist:

OEAW.AC.AT/IWF




OAW C'WF All sky camera & Keogram image

€ Home made all sky camera. Fisheye lens
. . . D
€ AllSkeye software for image organization. A — A;me
= camera

€ 24H Keogram image for checking back.

Temperature stabilizer

All sky camera

Structure of all sky camera Allskeye interface

Keogram image stores sky condition in last 24 H

OEAW.AC.AT/IWF 11



INSTITUT FUR WEL MFORSCHU

v )
OAW (IWF

List (LIVE 2

Print sheet &

ET1 223 04 35/37 v
ET2 223 06 28/76 ~
223 06 22/52 v
o7 7/8
o7 7/8 7
- **We are not alone**
03
3 06
06
05

o Thanks for you kind attention

3 03
06
06
01
06

3 02
05
23
00

301
04

Fri Aug 11 2023

N
Mount: n/a AC alarm (disabled)  Sky IMG: Ok  SunDist: 108.1°  HEO filtered (0)

12




