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This poster is an attempt to summarize the replies received to
date. It took several reminders until we received a credible
number of replies for the process to be considered
successful. We thank all the stations that took the time to
complete and return promptly the questionnaire and we hope
that those who did not yet do that, as well as the new stations
that recently joined the network, will do so in the near-future.

exciting, it comes with a challenge. In another ten years, we
could have more than one hundred GNSS and GEO
satellites; and this is also true of LEO satellites. GNSS
tracking will be a major topic for the coming decades.

The GNSS campaigns that we have conducted so far have
given us a baseline of expectations for the current network. It
IS very unlikely that all stations will be able to track all the
satellites during the same period with sufficient data density to
satisfy every mission. We recognize that we need to

categorize different stations based on capabilities and
availabilities. There are simulations underway to try to
evaluate some options that might help us optimize our
tracking activities. These simulations depend of course on the
capabilities that we can expect from the stations in the future;
we are considering projections for 5 and 10 years into the
future. We understand that none of us can project with
certainty for the long term, but we would like to find out from
the stations what you think your situation will be.

Abstract

In late 2015 the ILRS developed a questionnaire that was
distributed to all ILRS stations at that time. The purpose of the
guestionnaire was to assess the network’s future-plans, near-
and long-term. The tracking-load for the ILRS network is
expanding with a large influx of new GNSS satellites and new
LEO satellites with special requirements. Although this is

If the ILRS could coordinate satellite tracking schedules across the network, Since the most stringent requirements come from tracking GNSS targets, Have you recently reviewed your online site log form? Is any information missing? Is the information up to date?

would your station be interested in participating in this centrally coordinated please specify your current GNSS tracking configuration in terms of: Diameter 40 40
ID ? ? i i 7 : ¥ y : : P | approach? of the laser beam at the output of the telesco cm]?
In the next 5 years In the next 10 years Which of these changes are firm over the next 5 years Have you recently reviewed your online site log form? Is any information missing? 4%pr c e outpu e pe [em] 20
Golosiiv 1824 event timer, photodetector laser system photodetector 8
8. Do you anticipate tracking automation in the future and if so in what areas? Simeiz 1873 laser system, software, new filter epoch timing, software software, new filter 20 40 1
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I L RS S ite Co nfi u rati o n P ro 1 ect Mendeleevo2 1874 productioning and montage new generation laser ranging station to make it work both 30
g J Baikonur 1887 software of pointing
a a 9. Do you expect daylight ranging performance to improve? Do you have any limitations to daylight GNSS Arkhyz 1886 Software of pointing 30
Questionnaire 2015 ranging from the following? Altay 1879 Software of pointing, Laser system The system overall on sub-mm system "Tochka" Software of pointing 15 20
Svetloe 1888 software, laser system, operational procedures time-interval counter, detector types software, laser system, operational procedures
Zelenchukskya 1889 software, laser system, operational procedures time-interval counter, detector types software, laser system, operational procedures
a. signal to noise ratio Komsomolsk-na-Amure 1868 Software of pointing, Laser sy§tem The §ystem overall on sub-mm system "Tochka" Software of pointing : 20 10 3 4
Badary 1890 software, laser system, operational procedures time-interval counter, detector types software, laser system, operational procedures 10
b. narrow band filter efficiency Irkutsk 1891 productioning and montage new generation laser ranging station to make it work both
o Katzivel 1893 Mostly repairs and what is possible to do ourselves on-site of spare parts not buying Telescope's primary mirror recoatin (o] — — -
c. telescope pointing Y expensive equipment (including from overseas): minor upgrades; software, procedures. pe’s primary 9 10 No This is a difficult question Yes
) ) ) ) ) ; A Apache Point 7045 absolute calibration system unsure absolute calibration system is budgetd/funded 5
As you know, the tracking-load for the ILRS network is expanding with a large influx of new GNSS satellites d. laser alignment McDonald Obs. 7080  new SGSLR planned in 2018 laser
and_ a number of_ne_w LEO satellites VYIth spemal_ requirements. We expect this trend to continue. This is e. laser energy Event timer: Servo upgrade; Controller/analysis PG upgrade: 10 or 20ppS for all New NGSLR system ( within 10 years we hope) ; . ) .
exciting, more missions need us, but it comes with a challenge. In another 10 years, we could have as many as Yarragadee 7090 targets; replacement MCP; mirror recoat hopefully run existing MOBLAS system in parallel for as ET with associated PC/software upgrade; servo upgrade 0 NO YES
No Yea

80 or 90 GNSS and GEO satellites; this is also true of LEO satellites. GNSS tracking will be a major topic at fc (BRI (PoeTm CRERgEREs long as possible

the ILRS Technical Workshop in Matera in October 2015, Greenbelt 7105 event timer, servo controller SGSLR (unfunded)

A " event timer, servo controller
g. atmospheric conditions

Monument Peak 7110 event timer unknown event timer
h. in-sky safety Haleakala 7119 event timer, second ground calibration target, New SGSLR station planned for 2019 event timer
Tahiti 7124 event timer Potentially new CNES system event timer
The GNSS campaigns that we have conducted over the last several months have given us a baseline of In the next 5 years, we are planning to upgrade GPS timer, detector types, event timer In the next 10 years, we are planning to upgrade laser ) ‘ . ) - o
expectation. It is very unlikely that all stations will be able to track all of the satellites during the same period Changchun 7237 pulse distripution, and software. ’ ’ ’ system, GPS timer, detector types, event timer, and Detector types, event timer, GPS timer are firm over the next 5 years. Since the most stringent requirements come from tracking GNSS targets, Since the most stringent requirements come from tracking GNSS targets, Do you expect operational hours to increase? Do you anticipate tracking automation in the future and if so in what areas? Do you expect daylight ranging performance to improve? Do you have any

10. Can you supply a table of mean monthly cloud cover (%) based on several years of weather data at your please specify your current GNSS tracking configuration in terms of: Half-angle ing? signal to noise ratio

. . . . . . . - . . pulse distripution. please specify your current GNSS tracking configuration in terms of: Raw 25 20 to daylight GNSS ranging from the
with sufficient da}t.a. density to §atl§f¥ every mission. We recognize that we need to categorize different stations location (indicate the averaging time period)? Daylight oprational tracking; Have a large energy laser system to track beam divergence at laser exit? (1/e*2 in microradians) transmit-energy exiting the laser [mJ]
based on capabilities and availabilities.

Beijing e iy Aseeing o (D ek debris; Intereste in using 1064&532nm laser to track objects. 6 6 4 2
Koganei 7308 Yes Telescope controller will be in 10 years. !_aser and multiple reciever will be in one year Software change will be 3 3 3 3 3 3 20 15
i i X i i i in 5 years. 4 4 2 2 15
We are planning to have an activity underway to try to simulate some options that might help us optimize our 11. Currently, how quickly can your system switch tracking between GNSS satellites, during night and day? Koganei 7328 Yes Telescope controller will be in 10 years. Laser will be in one year Software change will be in 5 years. 2 A -
tracking activity. This simulation activity depends of course on the capabilities that we can expect from the Tanegashima 7358 We are considering replacing all systems except for telescopes )(Nle are considering replacing all systems except for Nothing Is the information up to date? Do you expect operational hours to increase? 5 o B B B e B O g G I i 1 1 B R B 5 e (e [ =l (1 B A i i ] i
stations in the future; right now we are considering 5 and 10 years into the future. We understand that none of —— . . — . glescopes 40 25 10
ject with certainty for the long term, but we would like to get your ideas on what you think your 12. What aircraft avoidance system is currently in use at your station? DAEK station in Dagjeon, Korea was moved to the Sejon station in Ssjong city, Korea. 10
e lRICISC y 9 , . gety! 2 I 35 . L VOl Y Is cu yinu you fon Bt EES Sejong station was upgraded about the opto-electronic system (range gate KASI is currently under construction in new station, Normal operation of Sejong station is expected to begin around o o
situation will be. We know what your systems are doing now. Please answer the following questions to the generator) and operation system to enable 5kHz laser repetition rate based on DAEK  ARGO-F September, 2015. = - - - R T = - SN FE 2‘ sguuugeggzgg e 5 5 2
best of your ability. station. KASI will register the Sejong site information soon. 30 20 = > bl & e T YN g E° -« < 5
a. Do you expect to upgrade your aircraft avoidance system? If so, what will be used? Sejong 7349 10 kHz laser ranging laser system with higher pulse energy and smaller operation software for automatic tracking ; > = _
pulse width 4 = 0
15 0 0 No Maybe
No Yes

1. Have you recently reviewed your online site log form? b. Is there (or will there be in the next 5 years) an automated safety interlock system for aircraft avoidance? Arequipa 7403 mount refurbishment, T/R switch, event timer, add additional cal pier mount refurbishment, fixed T/R switch, event timer
No Maybe Yes
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Implement daylight tracking in 2106. Major change: epoch timing

San Juan 7406 Yes system, laser system, event timer/time interval counter, operational 20
: . = procedures, software 10
a. Is the information up to date? (Yes/No) 13. Do you participate in the EUROSTAT program? Hartebeesthoek 7501 event timer SGSLR (unfunded) event timer
b. Is any information missing? (Yes/No) 1. New laser: our laser will exceed its lifetime within 5-10 years, so we'll need a Since the most stringent requirements come from tracking GNSS targets, Since the most stringent requirements come from tracking GNSS targets,
replacement, we are also considering a possibility for a more powerful laser for HEO The funding of none of the above is secure at the moment. However 10 please specify your current GNSS tracking configuration in terms of: Transmit please specify your current GNSS tracking configuration in terms of: Shape of

c. Please review and ensure your log reflects the current station configuration, see: . . X . Metsahovi 7806 and space debris observations 2. New detector: SPAD for 1064nm for space debris considering that the new kHz system is not yet finalized, this is not a losses through the optics chain (%) the transmitted laser pulse (Gaussian)?
http://ilrs.gsfc.nasa.gov/network/site_procedures/site_logs.html 14. Does your station have the software and infrastructure to support restricted tracking (e.g., Go/NoGo flag)? observations 3. SPAD: spare SPAD for 532nm 4. Software update to allow space major concern. 40
debris observations 30
e 2810 new laser system, replacement of the Telescope DOS PC and Laser DOS PC with 0
Linux PCs, cloud detection system, echo detection for 1064nm NEARLY NO YES No Yes 20 ? 2
2. What upgrades and replacements are you planning for your station (e.g., epoch timing system, a. Do you have the Go/NoGo flag already implemented? . . i . . space debris laser (450 mJ), event timer, new transmitting telescope 1 1 1 1 2 1 1 Do you expect daylight ranging performance to improve? Do you have any Do you expect daylight ranging performance to improve? Do you have any Do you expect daylight ranging performance to improve? Do you have any
telescope/mount, laser system, event timer/time interval counter, detector types, operational procedures, Borowiec 7811 space debris laser (450 mJ), event timer, new transmitting telescope (20 cm), software new mount, new receiving telescope, kHz laser (20 em), new software ’ ’ 10 limitations to daylight GNSS ranging from the following? narrow band filter limitations to daylight GNSS ranging from the following? telescope pointing limitations to daylight GNSS ranging from the following? laser alignment

software, any other major change/additions)? b. If currently not implemented, could you implement the Go/NoGo flag if required? e FemEnel 7821 Sotvareandinsaiineleventimen Non

Software upgrades that support/improve system automation, including automatic
Mt. Stromlo 7825 tracking and post-processing. Development of techniques to automatically optimise Telescope primary mirror re-coating.
tracking activities and schedule generation. Possible installation of a new event timer.

c. Can this capability also support restrictions based on the following
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b. In the next 10 years? [ ElevEiem? Helwan 7831 Do you expect daylight ranging performance to improve? Do you have any

Wettzell 7827 425nm detection channel, further automation 425nm detection channel, further automation limitations to daylight GNSS ranging from the following? signal to noise ratio
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c. Which of these changes are firm over the next 5 years? M WEWSTTHEE (ST Pemer? Simosato 7838 No plan No plan No plan 2
iii. Mission requirements? "- Automatic light curve recording of debris, parallel to SLR; - New laser dedicated to 20 5 5
Graz 7839 space debris; - IR ranging to space debris, using dedicated SPADs; - Setup of a Quasi- All of the above
3. With these upgrades and replacements, what improvement do you expect in LAGEOS and GNSS tracking Local Multistatic Debris Laser Ranging Assembly; - 2??" . 15
[PEETREES (1 i fellewiing EreEss 15. If the ILRS could coordinate satellite tracking schedules across the network, would your station be interested Herstmonceux 7840 No major upgrades planned ?:;UT:;M upgrades planned, beyond replacement for 15 0 0
i icipating i i i ? No Ma; Yes
i [PEVEeElg [ i Comielly Covmieize) alapmeasli Grasse (LLR) 7845 We plan to install an IR dectection, to improve the pointing of the telescope and to o Maybe i¢s vhe
dat | caracterize the seiing. 10
o ceia YOS Stafford 7865 Finish kHz ranging system Investigating other hardware upgrades: detectors, No. Awaiting fundin: 19
b. accuracy 16. Since the most stringent requirements come from tracking GNSS targets, please specify your current GNSS ging sy . lasers, timing . g tu 9
tracking configuration in terms of: Matera (MLRO) 7941 KHz laser, software, additional SPAD detectors space debris laser all
c. daylight tracking Wettzell (WLRS delay control, unified target (local target, common to all measurement techniques, IR t i be all 5
ettzell ( ) 8834 detektor, new event timer automation maybe a 5 Since the most stringent requirements come from tracking GNSS targets, Since the most stringent requirements come from tracking GNSS targets,
d. pass interleaving capability IR Gl e [Eae (e AT e U Gl e ST (i) please specify your current GNSS tracking configuration in terms of: Laser please specify your current GNSS tracking configuration in terms of: Laser
0

Do you anticipate tracking automation in the future and if so in what areas?
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pulse repitition frequency (in Hz) pulse duration (FWHM in ps) 9

15
No Maybe Yes 10 10 74

e. other b. Half-angle beam divergence at laser exit? (1/e*2 in microradians)

c. Raw transmit-energy exiting the laser (in mJ) i accuracy daylight tracking pass interleaving capability No Maybe Yes ; ; 7 ; ; 7 y : :
4. What additional upgrades would be most beneficial for your system, but no source of funding has been ; e chai S 1824 Yes —— No 8 Iinhatlons 15 arAgot GNES i from e flling? lesar energy | Iinhatlons 1o gt GNES ranging from he folling? lase beam liations 1 daylgut GNSS ranging rom he folowing? atmaspheris
identified? d. Transmit losses through the optics chain (%) Jelish — U — ylig ging g? qy ylig ging g? g ging g?
! Simeiz 1873 laser system, epoch timing filter, software,epoch timing software 6 20 5 20
e. Shape of the transmitted laser pulse (Gaussian?) Mendeleevo2 1874 we hope yes may be time transfer 3 1
» . Baikonur 1887 Yes a 2 2. D 2
5. How many hours per day and days per week do you operate? f. Laser pulse repetition frequency (in Hz) Arkhyz 1886 Yes (o] = TG i i P 1 T i 11 % e
g. Laser pulse duration (FWHM in ps) gczzlloe 1:;: \S(:: mm i:z :{(Z: ' o ; = 2 10
. . i : Zelenchukskya 1889 No No No
6. Do you expect operational hours to increase? h. Detector model and jitter (in ps) e iy 1ses Subrmm e e « o) R e e e g 10 10
i. Time interval unit or event timer resolution, stability, accuracy (in ps) Amure S = e ETSEARSG"T e el 5 5 2 3
Badary 1890 Yes Yes Yes — ~ 2 5 1 5
7. Can you quantify the following tracking changes from now into the future: Irkuisky deoigggwelhops) oS msyjbe Hmeltansioy Do you expect daylight ranging performance to improve? Do you have any Do you expect daylight ranging performance to improve? Do you have any
i i Katzively 1893 Mo Mo Mo limitati daylight GNSS ranging from the following? band filt limitations to daylight GNSS ranging from the following? tel inti
i. resolution (ps) Apache Point 7045  Yes imitations to daylig ranging from the following? narrow band filter imitations to daylig ranging from the following? telescope pointing " " g
" - McDonald Obs. 7080 may not be significant improvement is likely improvement is very likely No Ma Yes
a. hours per day: il stEtailliay (7)) increase if new software can handle log files with seconds in 15 15 Ho Maybe Yoz Ho Maybe Yoz ybe
b.d K: iii. accuracy (ps) N N - filenaming - we are currently limited to one segment per target per Since the most stringent requirements come from tracking GNSS targets, Since the most stringent requirements come from tracking GNSS targets,
. days per week: Yarragadee 7090 significant increase due to ET over old 5370B acg Ao ot 16 6o 210 sm yliig minuteincrease if new software can handle log files with seconds in please speqify your current GNSS tracking configuration in terms of: Detector Please spepify your ct{rrent GNSS‘tracking.configuration ip terms of: Time
. weekends: q PP; filenaming - we are currently limited to one segment per target per model and jlger (in ps) interval unit of event timer resolution, stability, accuracy (in ps)
: : . . . minute 10
Questionnaire Version 2015.06.03 Greenbelt 7105 significant moderate moderate less downtime e L 8 3 o B | =t [ il B s Lo 2 =13 3 iy e oo Mg By s i o g 2 11 2 5 g I 8
Monument Peak 7110 same same same 3 3
Haleakala 7119 ier:"/’e)?;‘:gnnf;nsth;:elfaﬁnng significant modest improvement is likely significant improvement is likely less downtime o o = . : B a 1 2 =3 = & e %) - q == ) Sh &)
Tahiti 7124 significant moderate moderate less downtime 5 5 s :l;& A & Z g 2= g: é E § g ?RE £ % % g § é e § g § & g § § g % g >
Beijing 7249 First Second Third EEgiIEcfSs  gEic2§ S23F g = j_._-_-_-_-_-_-_-j_._-_-_._-_-_l
Koganei 7308 Yes Yes Yes 2 § g g g g £ % 2 % g % E g § g 8 g % f g % 3 § g “ P & & D LS b & S <& oo & & & & Do you expect daylight ranging performance to improve? Do you have any Do you participate in the EUROSTAT program? Does your station have the software and infrastructure to support restricted
. x —_ . Th rf /capabilit b We will h bility of daylight tracki . A ) £ Bw ER 238 g § 55 & g 8 g o & o T o 7 S oS o & & 0 you Wi ing pe Anpeove ’ .
Have you recently reviewed your online site |Og form? Is any information mlssmg? Tanegashima 7358 maeini:ir::dpe ormance/capabillity can be bu?vvvvilll pgrvfirfnc:rz)a/ r:ilgit?im:)t,rfckinrga.c N9 The same performance/capability can be maintained Nothing £ & g % § § § g § g E 3 § @,;\,\’;,9\«@,&\ & Qg"?@v&' w:‘é\\ ‘S’QOQ' 06\@'5&6@“’0@'5 Qg";:\év& ‘._‘\@*’9 2 limitations to daylight GNSS ranging from the following? n-sky safety 40 tracking (e.g., Go/NoGo flag)?
Daedeok 7359 It is better than ever. ClimentiyjavallablejonlyidUringjtheiday It is expected to obtain a more observational pass 0 o § g E §' S e e § S -Gé ‘{‘&\ < ¥ 0—“’\“ <°°\° 3 s}év 20 -
20 40 . observation No Maybe Yes No Maybe Yes b g s 2 3 = 5 5 I «F
Sejong 7349 Yes. due to smaller pulse width Yes. due to higher pulse energy More pass is exepected due to automated tracking capability More accurate spin dynamics due to the higher repetition rate % E S % = § E < &49 30
Arequipa 7403 %E:;Jx;nsth;:elsaﬁnng significant modest improvement is likely significant improvement is likely less downtime S 15 15
San Juan 7406 Yes Yes
30 Hartebeesthoek 7501 significant significant significant less downtime 10 20 10
1 5 Major improvement, daylight tracking was not -
Metsahovi 7806 Major improvement, any values TBC ossible with the old system, now it should Major improvement, new and much faster telescope, laser and i i i i i i
J p . any gecome i Ie);st e e o 4 CONtrol software enable much faster interleaving Do you expect daylight ranging performance to improve? Do you have any Do you expect daylight ranging performance to improve? Do you have any
el T ey S Sl RS 9 limitations to daylight GNSS ranging from the following? laser alignment limitations to daylight GNSS ranging from the following? laser energy 5 1 10 2 5
20 Borowiec 7811 No (it was 15-20 mm, our goal is 10 mm) Only with new receiving telescope (new Yes (max. 1 min.) event timer for GNSS 20 20
10 telescope mount) 0
Kunming 7820 Yes Yes Yes No Yes NA. 0 0
Shanghai 7821 Yes Yes N if invited Y N Y
s lf d - ) T i N i Any improvement are expected, although we 15 15 Since the most stringent requirements come from tracking GNSS targets, " Since the most stringent requirements come from tracking GNSS targets, ° frinvie e ° e
10 I [FEmEE® 7821 € expect improve it by using the event timer. | ~° % possibility of daylight tracking. please specify your current GNSS tracking configuration in terms of: Resolution please specify your current GNSS tracking configuration in terms of: Stability
5 Mt. Stromlo 7825 Improving accuracy would be the reason for We believe that automated tracking optimisation techniques will q:’a") (ps)
) installing any new event timer. significantly improve pass interleaving capability. 10 10 15
with the previous modification, i expect no 8
Helwan 7831 change with the accuracy of the . No are posiblle 6
0 measuremnts. Anyhow, we sometimes reach 5 5 ,I a
to 10 mm
0 YES Graz 7839 No major improvement expected; main No big improvement expected; works already Slight improvements still possible, but works already close to 2
concern on stability well perfect o
Herstmonceux 7840 [Pl MmEreEmEns ol e chyilms 0 0 Do you have the Go/NoGo flag already implemented? If currently not impl d, could you impl the Go/NoGo flag if Can this capability also support restrictions based on the following: elevation?
capability No Yes No Maybe Yes O - T R - PG e Lfguired?
Stafford 7865 increased accuracy already capable yes near real-time analysis Q(,g*’ &S & ggb *\éé\ 25 40
Matera (MLRO) 7941 non 50% 50% e N O WS <&
Wettzell (WLRS) 8834 yes, very important to us we have no restrictions already existing interleaving capability time transfer capability .}@& Q}@Q 6@\""\ Q»\.cf’ 20
& @Q o 30
15 10
What additional upgrades would be most beneficial for your system, but no source of funding has 55
- g 10
been identified?
Golosiiv 1824 laser system and receiver . 5 & 5
Simeiz 1873 epoch timing g:tr:l)::l;l::rprolzaii:>anb:?n?ifi(:r:l:f:;‘h?:c::g;?r:;ut‘ijn?:;:iﬁﬁ))Eased Sojseeralivearsiciiveath=y Currently, how quickly can your system switch tracking between GNSS satellites, during night and day? 1 10 2 3
Is the information up to date? Mendeleevo2 1874 to exchange some key parts by more modern, precise and robust Do you expect daylight ranging performance to improve? Do you have any Do you expect daylight ranging performance to improve? Do you have any Golosilv 1824  we have more than 30% a good days in year less than 5 min. (only night) 0 G = NG
’ P : . New building for telescope, existing one was built for SBG camera in 1969, with sliding roof and very low ceiling, which seriously limitations to daylight GNSS ranging from the following? laser beam limitations to daylight GNSS ranging from the following? atmospheric Simeiz 1873 No . o 0 0 e
Riga 1884 . Mendeleevo2 1874 about 100 working days per year not need in switching No Possible Yes No Yes Limit 20 degree
40 affects maintenance and poor temperature control. 15 20 Baikonur 1887 5 -7 minutes
Baikonur 1887 Laser system Arkhyz 1886 5-7 min.
Since the m(_JSt stringent requirements f)OI’T'Ie from tra.Ck"?g GNSS targets, Arkhyz 1886 Laser system 15 Altay 1879 ;;?hbﬁoifdrr;zir;rnao_n;hly cloud cover (%) based on more than 20 years (Optimistic scenario - all days Up to 5 minutes in automatic mode because of the need to calibrate the pointing system in the daytime. Up to two
- please specify your current GNSS tracking configuration in terms of: Accuracy Irkutsk 1891 to exchange some key parts by more modern, precise and robust io bointe and 1/2 days with cloudy 3 - 7 points) Month Jan-Dac, Averlyear: minutes in manual mode at night
(ps) _ Modern ps laser {volume, accu racy}; photod_etector (M(_:P PMT mgybe) {accuracy}; event timer {accu racy, volume (for GNSS and 15 Sustilen B V\Ile catl:]svtvitcl:(the system in 2 minutes at night and in 5 to 10 minutes at day (at daytime we need suitably bright stars
Katzively 1893 GSO0)}; angular encoders, narrow filter {daylight operations}; atomic clock. Looks like we need a new station Wo o ewioh )th tem in 2 minutes at night and in 5 to 10 minutes at day (at davii d suitably bright st
1 0 7 5 2 3 Zelenchukskya 1889 Month Jan-Dec: 56 45 56 45 45 26 26 23 33 26 33 37 a|§n‘;atr;,:vt‘¢aik) © sysiem in < mindies atnight and in > o minutes atday (at daytime we need suitably bright stars Can this capability also support restrictions based on the following: Can this capability also support restrictions based on the following: mission If the ILRS could coordinate satellite tracking schedules across the network,
Apache Point 7045 N.A. 5 o Table of mean monthly cloud cover (%) based on more than 30 years (Optimistic scenario - all days ) ) ) : - ) ) transmitted laser power? requirements? would your station be i d in participating in this centrally coordinated
20 8 McDonald Obs 7080 NA K;’L‘fgm"'s“ na 1868 with cloud cover O - 2 points and 1/2 days with cloudy 3 - 7 points) Month Jan-Dec, Aver/year: % z‘i’nﬁessri':nn‘fnsu: ‘:’é‘;’:gﬁ'iim,:’tde R 6l i meed (o Gl (e [peniiig sysiEm i i ek, Up to i 20 30 :%pvoach?
4 : NAal . - I . 58 50 55 63 68 67 67 68 70 58 53 52 61 .
6 3 Yarragadee 7090 Fixed housing with shutter dome to minimize weather downtime. o ) Badary 1890 Month Jan-Dec: 53 55 52 52 41 37 20 39 40 40 63 67 We can switch the system in 2 minutes at night and in 5 to 10 minutes at day (at daytime we need suitably bright stars
2 2 2 Greenbelt 7105 laser rep rate increase No Maybe Yes No Maybe Yes i along the track) 15 30
10 4 Irkutsk 1891 about 100 working days per year not need in switching 20
Monument Peak 7110 unknown Katzivel 1893 Approximate (+10% maybe) average nighttime cloudness since Feb 01, 2005 until Jan 31, 2015. "Nighttime: 1---3 minutes
2 Haleakala 7119  laser rep rate increase Y Jan/60, Feb/60, Mar/50, Apr/45, May/35, Jun/25, Jul/10, Aug/10, Sep/20, Oct/30, Nov/50, Dec/60.  Daytime: N.A." 10 20
. Apache Point 7045 40% loss to weather N.A.
0 Ch?“ngchun 7237 laser system, detector types and GPS timer. - - : : » e . . _— 7D K Doivou banicinata in the EUROSTAT Bréaram? McDonald Obs. 7080  yes minute or more depending on acquisition 10 3
0 Beijing 7249 Have a large energy laser system to track debris; Intereste in using 1064&532nm laser to track objects. .i,?,?{gﬁoe:f :;: daafa I?\t Gr:lggsl?gnp?:u o;?;?r?tt::e ?Jmas:ﬁ\vi' n-siyiifeive o youp P prog ’ Yarragadee 7090 graph to right shows cloudy days avg for closest met stations. years 1944-2010. about 30s at night. Acquisition can take a minute or more in daylight. 5 10 3
NEARLY NO YES Koganei 7308 Funding source is always the matter. New laser and detector is already funded. viig ging g Y 4 40 Greenbelt 7105 60 seconds
. . . Monument Peak 7110 No Depending on the weather, clear weather quickly within minutes, day very difficult __ s 0 |
© KOganel . 7328 Fund_lng source Is always the matter. 20 Mean monthly distribution of whole-sky cloud conditions at the Haleakala site over five years, 0 No Possible Yes 0 No It depends on the mission requirements Yes 0 No This is a difficult question Yes
g~'°° Tanegashima 7358 Nothing Haleakala 7119 "CLEAR" (black). "THIN -PARTIAL"(gray),"MEDIUM" (light gray),"CLOUDY" (white), and "RAINY" N.A. P q utq
Q%\ Daedeok 7359 laser system 15 30 (white). (From "The Infrared Cloud Monitor for the MAGNUM Robotic Telescope at Haleakala".
() A Tahiti 7124 60 sec
Sejong 7349 laser system Changchun 7237 No In realtime (maybe less than 10 seconds).
San Juan 7406 No Beijing 7249 No Normally we track one GNSS satellite about 20-30min, then change to another.
Brasilia 7407 Laser system 10 20 Koganei 7308 "l\/(l’znth 6J(;anSFOeb4|\gar4/(x)pr zﬂ;y 1J3n1J0ul agug 28639 5<(>J0t6 govegfc Currently no GNSS at daylight
Metsahovi 7806 A more powerful laser for space debris and HEO observations. Koganei 28 "Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
7 . A= Zimmerwald 7810 ossibility to switch between 2 laser systems % 60 50 40 40 40 10 10 30 20 50 60 60"
What upgrades and replacements are you plannlng for your Statlon (e'g', ePOCh tlmlng syStem’ Borowiec 7811 ,‘Z\ new te?/escope definitely 1! Y 5 1 10 2 Tanegashima 7358 We don't have a capability to measure cloud cover rate. about 2 minutes
. . . . . ’ Y Daedeok 7359 No Night only. Since the most stringent requirements come from tracking GNSS targets, Since the most stringent requirements come from tracking GNSS targets, Since the most stringent requirements come from tracking GNSS targets,
telescope/mou nt Iase r s Stem eve nt tl me rltl me I nterval cou nter detector t pes ope ratlon al San Fernando 7821 Malnly the mount. Sejong 7349 No Night only please specify your current GNSS tracking configuration in terms of: Diameter please specify your current GNSS tracking configuration in terms of: Half-angle please specify your current GNSS tracking configuration in terms of: Raw
) y ) ) y ) Mt. Stromlo 7825 This will be su bject to discussions between EOSSS and GA 0 Arequipa 7403 N.A. of the laser beam at the output of the telescope [cm]? beam divergence at laser exit? (1/e*2 in microradians) transmit-energy exiting the laser [mJ]
. g 2 G No technical de: . bl is th ilabl Id d | No Yes N.A. 0 San Juan 7406 No 8 6 6
procedures SOftware any other major ChangeladdltlonS) H [ZF 7839 o technical upgrade; main problem is the available man power (we would need more people....) No if invited Yes - Up to 5 minutes in automatic mode because of the need to calibrate the pointing system in the daytime. Up to two 3 3 3
z J Grasse (LLR) 7845 A new laser. Brasilia 7407 minutes in manual mode at night 12 2 4 2 29 4
B Hartebeesthoek 7501 60 sec
Matera (MLRO) 7941 Space debris laser Unfortunately we don't have this data for several years. For the last year and a half we have a partial 6 1 2 s 33 3 2722 119 17 L T o R A 1T1g11111
Wettzell (WLRS) 8834 airspace safety Metsahovi 7806 weather data coverage, as we are still testing our cloud sensor. And some historical data can be TBC 4 2
. . . . . . . . . . recovered for the nearby national meterological stations. This data will become available during the 2 l._._l
We are in prosess of upgrating our station now. We are connecting our station wihh physical realization of UTC (SU), with Zimmerwaid 7810 within 15 seconds 0 Jml“ u-LA o 111 (1111} i 0
Mende|eev02 1874 P . St t T d F St d d Borowiec 7811 more or less 33 % per one year (from 1992 to 2002) several minutes N @Q@\b NS 2 re 0 '§®'S\ "P«PQ O D ;\ % 2 § ¢ 8 § 2 B 2 L E 3;
rimary otate 1ime anad rFreqency. standard. Site ID How many hours per day and days per week do you operate? Kunming TR — < o F g8 = ) 3 &
5 ) 2 z S
. . . . A J
Golosiiv 1824 nlght time 7 days per week San Fernando 7821 Iﬁmﬁlggttlgl,da&}éegsltufg g:gulgsl‘tuf:’\ge”y)%gl;ls@m VST 1y TS TS 0% 0 0 4T+ £0s 00 L In the worse case 2 minutes, limited by the movement opf the dome. <« 3
Si : 1873 712 h d 7 d K Mt. Stromlo 7825 h oA A Ao 10-20 seconds
. . . imeiz - ours per days, ays per wee Does your station have the software and infrastructure to support restricted Do you have the Go/NoGo flag already implemented? Wettzell 7827 No less than 40 seconds
" .
Currently under development: new telescope control system, installing encoders, new data processing software (upgrade from Mendeleevo2 1874 from 3 to 16 hours per day, from 1 to 7 days per week according 1o the weather tracking (e.g., Go/NoGo flag)? 25 Simosato 7838 Yes We do not use a switch.
STC2008) Ri 1884 2 20 Graz 7839 No. However, our statistics tells us that we can range (at least ONE pass) at 250 days of a year; fog  "Night: 30" - 40" (depending on SAT / Retro type);
. 1ga periods in winter; Day: 70" - 120" (depending on SAT / Retro type)"
’
R|ga 1884 Bai Grasse (LLR) 7845 No No difference between day and night.
. . . . o . . . . . . . aikonur 1887 10 hours, 7 days 20
Planning (potential funding sources identified): new laser, cesium time and frequency base, receiver unit to maximize receiver Y Stafford 7865 Cloud cover not logged. A matter of seconds.
h | ff . " Arkhyz 1886 10 hOUl‘S, 7 days 15 Monthly mean based on 2012-2014 input data
channel e |C|ency Altay 1879 10 hours. 7 days 15 Matera (MLRO) 7941 Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 30 secs, both for night and day
’ 56% 64% 51% 56% 48% 25% 21% 16% 39% 41% 61% 45%
Svetloe 1888 20 hours per day- 7 days per Week 10 10 Wettzell (WLRS) 8834 we don't have detailed record, we would judge approx 60% 0 sec Since the most stringent requirements come lrr_:m trapkiqg GNSS targets, ) Since the mQSt stringent requirements come qum trapkiljg GNSS targets, Since the most stringent requirements come lrr_:m trapkiqg GNSS targets,
. . . i . L. . . . Zelenchu kskya 1889 20 hours per day 7 days per week please specify your current GNSS tracking configuration in terms of: Transmit please specify your current GNSS t_racklng configuration in terms of: Shape of please spgp_nfy your current GNSS tracking configuration in terms of: Laser
U ' ! J | th h th ti h: %, the t tted | Ise (G ? I f H
Katzively 1893  Telescope's primary mirror recoating is #1 priority. Hope, we'll do it in late 2015. It's the only firm improvement. Komsomolsk-na-Amure 1868 10 hours, 7 days 2 ooses rosshecptcs chen () . g "oremediessrpuise (Geusain B ey e 10
s 5 6
" " " 30
MCDonaId ObS 7080 |aser Badary 1899 20 hours per day, ! days pet week A S What aircraft avoidance system is currently in use at your station? Do ¥:u eXPeCttYO u?pgfade y:utr a'llrlcl:élft d? !stthclerelsor th" tl‘|fere b mftthe m.é;(t . yiarS) an adfomated safety s 5 20
. Irkutsk 1891 from 3 to 16 hours per day, from 1 to 7 days per week according to the weather 0 . ; alells i SR ST P S R I el e 6 2 3 1 1 1 1 21 1
Katzively 1893 5---15 hrs/day, 7 days/week Every night from dusk till dawn No Possible Yes SOIOS"V 1253 mgthls system tnetso mperiantier our siafen e S B I o e U g e et 1 L
a == D imeiz
: . 0 pr—
Beijing 7249 Not yet Apache Point 7045 average 6 hours per month 9 N Vés Riga oo 1o ADSB Yes Yes e T = P S A I 0
snnnnnnnnnnnnnll 2 § R o % e R R P T
McDonald Obs. 7080 10 hrs x 7 Baikonur 1887 No will be installed e B RG-<S035Q5VRSRN S8 & & & o {@vf & FLELS S e
: Arkhyz 1886 No will be installed 5 3 cz3N28E ] & i " &
Yarragadee 7090 24 hours per day, 7 days per week : ; ; Y ~ 2 g © s N o &
Koganei 7308  Lasers, detector types and softwares. And Telescope g p y ys p If currently not implemented, could you implement the Go/NoGo flag if Cirithis capability a6 SUDHOIt eatCtEHEbES 6 on THE Tollowing: Bevaticn? Altay 1879 No s 2 z 3 7 ’ & o
Greenbelt 7105 24 hours per day, 5 days per week l:leguired? 40 Svetloe 1888 The aircraft avoidance system is not used at the station We do not expect There is no any interlock system S » o°
. Zelenchukskya 1889 The aircraft avoidance system is not used at the station We do not expect There is no any interlock system
Kogane| 7328 LaseI'S and SOftwareS And Telescope Monument Peak 7110 16 hours per day’ 5 days per week Komsomolsk-na-Amure 1868 TV system for aircraft avoidance
Haleakala 7119 8hrs X 8 shifts (one day per week has two ShiftS) Badary 1890 The aircraft avoidance system is not used at the station We do not expect There is no any interlock system
s . Irkutsk 1891 ADS-B Yes Yes
Daedeok 7359 DAEK Statlon W|” be replaced to SEJL (Sejon Laser Sta“on) Tahiti 7124 2 shifts x 4 days 30 Katzively 1893 No automation, observer checks visually Not of the top priority Now it's absent. It is possible to implement laser interlock in future.
Changchun 7237 24 hours per day, 7 days per week 10 Apache Point 7045 TBAD: transponder-based aircraft detector um;g?arcf’zmware upgrades, possible dual-band yes: fully automated
Be'J“"g 7249 Recently Only nlght, every day McDonald Obs. 7080 radar No Yes
Hartebeesthoek 7501 event timer, SGSLR . Currently no routine observation (quarantine state) due to system change but after quarantine state, only twice a 20 Yarragadee 7090 Controlled airspace. HTSI Radar slaved to laser interlock. We are looking at the system as used at APOLLO. _Yes
2 Koganei 7308 . . . Greenbelt 7105 radar, camera TBAD system will be tested yes
week in season at nlght would be the maximum. 5 Monument Peak 7110 radar, tv monitor No No Since the most stringent requirements come from tracking GNSS targets, Since the most stringent requirements come from tracking GNSS targets, Since the most stringent requirements come from tracking GNSS targets,
H H H H testing the TBAD (ti der based 1 i i please specify your current GNSS tracking configuration in terms of: Laser please specify your current GNSS tracking configuration in terms of: Detector please specify your current GNSS tracking configuration in terms of: Time
. . o . . KOgane' - 7328 CU”’enﬂy no routine observation due to other prOJeCt 1 10 2 3 Haleakala 7119 plane spotter aetsc?:pgenbeelt (rmepemstr BEEEe) Sy ) Seam not now, potentially with TBAD pulse duration (FWHM in ps) o} model and iiser (in ps) interval unit of event timer resolution, stability, accuracy (in ps)
1. The new system will be located in a new building and on a new pier close to the old one 2. New telescope: Cybioms corp. Tanegashima 7358 8 hours per day, 5 days per week Tanit 7124 radar, camera No Yes 10 7 8 8 e 2T T 2320 v
. . . . . Daedeok 7359 24 hours if observations are available (SEJL station is expected to be operational at all times Changchun 7237 We have no aircraft avoidance system, and wo do expect one. Yes, we do expect the aircraft avoidance system.
Bistatic 0.5m receive telescope and ~0.1m transmit telescope 3. New laser: HighQ 2kHz 532nm, 0.4mJ 4. New detector: C- . : . ( P P ) Beiing 7249 Not yet. Not in our currently pian No 8 4 6 3 3
. . . . y V. . . 0 2 2
. . . . . Sejong 7349 at all times. Operator will be always ready for laser ranging 0 X No Yes Limit 20 degree Koganei 7308 Aircraft radar and visual check by wideview camera Looking for it. Not planed. 0 4 1 o i b i W /B Wty | T
Metsahovi 7806 SPAD, Peso Consulting 5. Event timer: Riga A033-ET 6. New control software and range gate: SCOPE made by DiGos GmbH, Arequipa 7403 120 hours/week includes one or two saturday shifts in good weather No Fansinic ine Koganei 7328 Visual check by wideview camera Looking for f. T — ¢ 3 S ETH I L Y 2 . Bn..0
. . i Tanegashima 7358 Radar system manufactured by Honeywell Technology Solutions Inc. No ur ral gr system has a function lo stop the faser radiation 4 2 2 2 2 3 g3 ; ‘ég g § § g % § PE2 i L S § &n- %3 2 § 0
software that controls all the electronics as well as the telescope 7. New post-processing software: as a part of SCOPE, software San Juan 7406 Now 10 hours per day and 7days per week, 18 hours per day and 7 days per week next year SAEK o SE T e e LIRS oses Hezare Fomarton Systar i automatcaly. Tt itigl FiR1] 11 B HEERIH IR IN] PEAP I LIPS P S0 o9
. . . Brasilia 7407 24 hours per day, 7 days per week Daedeok 7359 Radar Y No Currently, LHRS has automated safety interlock system 2 g é g E H gx_ E 8 é i 8 £E 3 g e f\l\q}é\\\ T & \d"& Q,p‘;\&o‘* o“‘&:‘gh & ‘S‘?éé‘:\@@ &
- - s ] & ¢ & < 2
made |n nga and Used a|SO |n POtSdam Hartebeesthoek 7501 16 hours per day’ 5 days per week Sejong 7349 LHRS (Laser Hazard Reduction System) with Radar No Currently, LHRS has automated safety interlock system 0 g ] g 5 g § z 3 & g g _fﬂ' §9 & & é\,e“*évé" @f\i"b&‘
: : . n po) . 2 g 3 g & & & >
At the moment we don't have an operational system. In the future we aim to observe when the weather is good at Aleduipa T Elane spotter ot planned Notplanned §EB8838858388888¢%983R8e ] § § & & Wy
. . . . e g . (= - = B) - * & <
. . . Metsahovi 7806 least during five days per week 5-10 hours per day, the weather sets the biggest limiting factor for our observing Brasilia 7407 Automated aircraft avoidence TV-system o
Shanghai 7821  laser system,operational procedures, software in the next 5 years time Hartebeesthosk 7501 radr, camera No ves
. Due to nearby VLBI radio antenna we cannot use active radar. We are using We are planning to add a video camera on top of the
Zimmerwald 7810 24 hours per day: 7 days per week a combinatior): of passive ADS-B receiver (AirNav radarbox) and an allsky 9 telescopi to adg additional visual feed from tr?e
H : H H H ot Borowiec 7811 5 days a week (from 3 hours in June to 14 hours in December Can this capability also support restrictions based on the following: Can this capability also support restrictions based on the following: mission ; camera, with this solution we are able to avoid all commercial aircrafts in the direction of the telescope. In addition we are At the moment we don't have an automatic system, but we are
S F d 7821 We eXpeCt to vaUIre a neW LSR Wlth hlgger power (nS) for Space debrls traCklng lf Our rerequeSt Succeeded the acql’"smon y ( ) . transmitted laser power? requirements? Metsahovi 7806 vicinity. Negotiations are currently ongoing with the National aviation negotiating with aviation authorities about receiving planning to incorporate one in the future.
an rernandao should be done along 2016 San Fernando 7821 Currently only night, althuogh we can operate 24h/day, to save components live. 55 - authorities whether other avoidance requirements are required for, e.g., actual real time flight information from the nearby
. Mt. Stromlo 7825 24 hours per da , 7 days per week small aircraft (Metsahovi is under a partially restricted airspace). airport and radar stations.
Helwan 7831 if the syst‘;m reaydy weymzy reach to 4 hours a day 5 days — Zimmerwald 7810 Internet connection to Skyguide (Swiss flight control), ADS-B, FLARM No already installed
) Borowiec 7811 visual control Yes, definitely, optical or radar Yes
1 1 1 1 H ill i H 1 H i H v H Kunmin 7820 now, we have not such system No Yes Since the most stringent requirements come from tracking GNSS targets, Since the most stringent requirements come from tracking GNSS targets, Since the most stringent requirements come from tracking GNSS targets,
Helwan 7831 New LRC InStead Of the Old LRE’ Wlth the COI'eSpondIng SOﬁwareS Wettzell 7827 fStagodn is still in ?(nglneerlng status.Since there is an Operator reqUIred we won't achieve more than 8 hours per day 15 20 Shanghgi 7821 trx-1500 Y No Yes please specify your current GNSS tracking configuration in terms of: Resolution please specify your current GNSS tracking configuration in terms of: Stability please specify your current GNSS tracking configuration in terms of: Accuracy
or ays a wee San Fernando 7821 Visual by video camera, manually (opertor). We are working on image processing None (ps) (ps)
. { 3 - A b 15
Simosato 7838 15 hours per day 5 days per week Mt. Stromlo 7825 Lidar, ADSB transponder, IR camera Not likely Yes
; ; ; : ; 2 10 i 8 10 7
Herstmonceux 7840 No major upgrades planned. Improvements in daytime filters ongoing Graz 7839 "About 20 h/day, 7 days/week; except no daylight ranging on weekend..." e el Viocel, i ot ovoranes syetom by the ADS-B No e 10 7
Herstmonceux 7840 Approx 18 hours, 7 days 2 10 Graz 7839 ADS-B; FLARM No Already operational 3 2 2 9 2 3
- i Y a s 5 3 Grasse (LLR 7845 ADS-B radar and wild feld camera We plan fo test the system developped in Wettzell We hope 111 1 111 1
We plan to install an IR dectector and a new laser, to improve the pointing of the telescope and to caracterize the seiing on the Grasse (LLR) 7845 24 hours per day, 7 days per week R (low energy ring laser). P
Gl'asse (LLR) 7845 | Stafford 7865 variable -- depends on sponsor funding Stafford 7865 HTSI Laser Hazard Reduction System (LHRS) radar and interlock system  Yes. Do not yet know. Yes
p ateau M Matera (MLRO) 7941 Laser Reduction Hazard System and AirNav SW as a backup tool No Yes
: atera (MLRO) 7941 24 hours per day, 7 days per week 0 0 ADSB, DFS(Radarstream from German air traffic control), Radar, Lidar :
> Rz b b 8 o ¥,
Wettzell (WLRS) 8834 24 hours per day, 7 days per week No Possible Yes No It depends on the mission requirements Yes Wettzell (WLRS) 8834 (l:]n(;lerﬁtest), elevation restrictions to 20 deg, VIS-and IR camera, emergancy including Lidar there is one existant ‘Q,,Q‘(;&c& 5\0\(& gy»‘* 6‘,&\"’@ §éé ‘?(c'o*‘
shut of CaR 4 & & & R
& R s &
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