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ILRS typical data production rate 2024

LAGEOS (per sat) ~150 NP/day x 2 min/NP = 5 hr (24 hr x 20%)

LARES ~150 NP/day x 30 sec/NP = 1.2 hr (24 hr x 5%)

ETALON (per sat) ~15 NP/day x 5 min/NP = 1.2 hr (24 hr x 5%)

STARLETTE ~220 NP/day x 30 sec/NP = 2 hr (24 hr x 8%)

AJISAI ~300 NP/day x 30 sec/NP = 2.5 hr (24 hr x 10%)

JASON-3 ~360 NP/day x 15 sec/NP = 1.5 hr (24 hr x 6%)

SENTINEL-6A ~280 NP/day x 15 sec/NP = 1.1 hr (24 hr x 5%)

(overlaps not considered)

Current SLR tracking coverage

How much of satellite orbits 

is laser-ranged by

⚫ Far from continuous tracking (contrast to GNSS and DORIS) 

⚫ Unreachable zones for LEOs: South pole, Oceans, etc.

⚫ Heavily relying on orbit dynamics.

?



Very Low-cost 
Hardware: net 50-60k EUR/USD.  Key components = COTS.

Very Compact
High mobility. < 100 kg.  Low energy consumption < 100 W.

Multi-purpose
Primary: SLR.

Linked with various applications

(time transfer, space comm, 6G airborne comm, etc).

Omni-SLR: SLR for everyone

Envisaging that… 
⚫ new countries/institutes can own & operate 

SLR stations.

⚫ the SLR global network and the products are 

drastically enhanced.

⚫ the optical tracking/ranging technologies are 

more versatile. 

SLR Targets: monotonically increasing

SLR Stations: almost the same



Omni-SLR: key components (as of  2024)

CryLAS FDSS532-Q2

λ = 532nm; pulse width = 1.06 ns;
Rep. rate = 10 kHz; output = 5.7 μJ
Sync output; int/ext trigger mode

(RX) Kasai 
GS-200CC

Hamamatsu
C11202-100

Ritchey–Chrétien
Φ = 203 mm; f = 1624 mm

Aperture = 100 µm; Efficiency = 70%;
Dark noise = 30 cps; No gate control

Swabian 
TimeTagger Ultra (Value Ed)
4 ch
(ch1 = start; ch2=stop; ch3=1PPS)
42 ps RMS
70 M events/sec

Furuno TB-1

GNSS OCXO

10 MHz: ~ 5 x 10^-11 @ 1s
1 PPS: ~ 40 ns

Vixen
AXJ Mount
(Eq.)

Converted to Alt-Az
Load: 22 kg max

Vaisala
PTB-330
3 sensor barometer
0.2 hPa per sensor



Omni-SLR: peripheral components (as of  2024)

DOMES “M” 

Mount & Plates
Vixen’s Alt-Az fork for eq mount (AXJ)
Futaba’s lightweight CFRP

2-camera TX-RX alignment
Raspberry Pis, Mini PCs 
& NTP Server 

RX 20 cm

TX 8 cm

Camera 2

Camera 1

Align TX to RX
using the laser images Distributed system.

Device control or specified task for:
• Orbit prediction (CPF and TLE)
• ADS-B
• Mets
• Laser trigger
• Mount control
• Event timer
• NTP
• CMOS Camera

Web UI with Flask and Streamlit

Ground marker
to represent the station position
CDP Number 7317

= DOMES 21791M00X
Eccentricity vector

TX
Hoop
for coarse alignment

2 Mirrors
for fine alignment



Omni-SLR system: features

Broad (~1 ns) laser pulse width

High repetition laser (10 kHz)

Low laser power (6 microJ; 60 mW)

8 cm trasmitter -> Zero NOHD (nominal ocular hazard distance)  

No coude path

No (hardware) range gates

Conventional Eq mount converted to Alt-Az 

Plate-solving-based mount model

Station point = A ground marker (DOMES “M”)

ADS-B aircraft safety

Web-based UI with Streamlit & Flask 

Distributed system with Raspberry Pi & Mini PC

Our own software in Python, C++ and Julia + OrbitNP.py



Laser Pulse Width
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Early days 
1960’s 70’s

20 ns to 1 ns
0.1 to 1 pps

“kHz”
2000s-

30—10 ps
2 kpps

Traditional “Hz” 
1990s-
100 ps

5—10 pps

Omni-SLR
2020s
1 ns

10 kpps

Omni-SLR: reversing the trend?

1 ns pulse width laser 

useless for mm geodesy?

Expected NP precision 

assuming white noise

1 return/NP: ~ 7 cm

10 returns/NP: 2-3 cm

100 returns/NP: ~ 7 mm

1000 returns/NP: 2-3 mm

10000 returns/NP: ~ 0.7 mm



Omni-SLR: project status

GNSS x 2

VLBI

Gravimeters

Omni-SLR

being developed by the team of

(PI: T Otsubo)

being supported by:
• the national institutes such as GSI, NIPR, NICT, Japan Coast Guard and JAXA.
• private companies in the fields of telecommunications and heavy industries.

2020-2023 First successful budget hunting (Kakenhi) 
followed by various joint research projects

2020 Concept design
2021 Component tests
2022 Assembly tests
2023 Field test at NIPR Tachikawa
2024 CDP No 7317 95 01 

DOMES No 21791M008 (S002) assigned
2024 Field test at GSI Ishioka
(more development & improvements)

2026-2027 First Antarctica SLR test at Syowa

Rooftop of

National Institute of Polar Research,

Tachikawa, Tokyo

H-maser



2023-12-22 SARAL & SWARM-C

2023-12-26 BEACON-C & SWARM-C

Rooftop of

National Institute of Polar Research,

Tachikawa, Tokyo

Omni-SLR First Returns@NIPR: SARAL 9:32 UT, 22 Dec 2023



Omni-SLR First Returns@GSI: Starlette 11:30 UT, 4 Sep 2024

followed by

Beacon-C, AJISAI,

Stella, Swarm, etc.

(more returns)

Burst mode 

(interleaving)

→ No vertical lines



Omni-SLR Installation@Ishioka 2024

26 Feb 2024
Slide roof installation

Issues (expected and unexpected):

High temperature in summer.

Insects flying to monitors and LEDs.

High humidity.  Dew.

Insufficient accuracy of weather forecast.

Limited chances of sun-illuminated passes.

Inconsistent TX-RX alignment.

10 May 2024
Optics installation

4 June 2024
Claudia’s visit

5 Mar 2024
IVS GM



Omni-SLR x 2 = time transfer!

Station A

Station B

Target
= Diffuser

Time for time!
New definition of “one second” coming soon. 

Precise time: new infrastructure for future communications.

No sufficient tool for comparison (time transfer).

SLR technique 

Applicable from very short to very long range.

Feasible option for no-optical-fibre cases.

2 Oct 2024
Ishioka, GSI



Omni-SLR for volcano monitoring?

Very long terrestrial ranging
Ishioka to Mt Tsukuba: Over 10 km, about 4-deg El.

Eye safety: NOHD = 0, SZED ~ 3.5 km, CZED ~ 15 km with Omni-SLR laser/optics.

New application of SLR technique? 
111 active volcanoes in Japan.  Useful for disaster prevention? Hard to model delays?

Time transfer?

11 Oct 2024
Ishioka, GSI

10.2 km one-way

Mt Tsukuba



Our Proposal Approved by NIPR!

“Development of a compact SLR system for the first antarctica 

experiment”  3 years: FY2024 to FY2026. Syowa: 69S 35E.

FY2024-FY2025

Preliminary tests in Japan.  Ex. Low temperature, Daytime only.

FY2025

A container to be installed at Syowa.

FY2026 (JARE68)

Shipped to Syowa (Nov 2026).  SLR at Syowa (Jan-Feb 2027).

https://www.nipr.ac.jp/antarctic/science-plan10/houga.htmlhttps://www.nipr.ac.jp/english/antarctic/center.html



Omni-SLR: lots of  to-do’s

Groundwork as an SLR station
• Improvement in TX/RX alignment.
• Eccentricity vector: Marker to Ref point.
• Site log.  Webpage@ILRS.
• CRD FR & NP generation.
• Daytime ranging.
• Improvement in UI.
• Quality assessment.

For global geodesy
• Clarification of what it can do and cannot do.
• Local tie with VLBI and GNSS at Ishioka.
• Attractive scenario for new users.
• Expansion of global SLR network.
• Mixture of “big” and “small” SLR.
• Better geodetic products.
• Refresh people’s mindset.

For our Antarctica Project 2026-2027
• Daytime star calibration.
• Low-temperature tests.
• Container. Packaging. Dome.
• Dust, Low-band comm., Static, etc.

Beyond SLR
• Satellite/aircraft tracking for optical comm.
• Time comparison.
• Disaster monitoring.
• More?



More updates soon!

谢谢 

Thank you 

ありがとう
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