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New SLR control system

o Libre software and hardware.

o Adaptable and modular.

o User-friendly for operators, engineers and scientists.

o Improved implementation of SLR algorithms.

o Prepared for space debris tracking.

o Development under Qt5 using C++.

o Communications based on ZMQ.

DEGORAS PROJECT is a new libre modular system designed to meet the 
needs and tasks of any SLR station. Currently it is still under development.

The Project covers software and hardware development.



Functionalities within the project scope

SLR Software

• Tracking and calibration system

• SLR simulation system

Postprocessing Software

• Filtering software

• CRD files generation

• Normal points generation

• Data análisis and statistics.

Other functionalities

• Air traffic monitor

• Weather monitor

• Safety features

• Notifications system

Control Software

• Main station control system

Management Software

• Space objects management

• Ephemeris management

• Observation plans generator

• Tracking campaign management

Core

• Hardware control libraries

• SLR libraries

• Mathematical libraries

SLR Hardware

• Range Gate Generator system

The highlighted functionalities are currently under 
development and working in the ROA-SLR station.



Software currently under development
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o Free Software/Hardware.

o Gating accuracy < 10 ns.

o Dynamic configuration.

o Fully configurable and modular.

o Intel Cyclone SoC V SX SoC (FPGA + ARM Cortex-A9 MPCore processor).

o Development using VHDL and C++.

o Uses CPF files internally to interpolate range gate at a given time.

DEGORAS Range Gate Generator (DRGG)

Hardware currently under development



DRGG functional block diagram



Space debris without LRR tracking

• Target:    SL16 Rocket Body   - NORAD ID 19120 - RCS 10.673 m2

• Laser:      EKSPLA NL317-SH   - 10 Hz   - 532 nm   - 6 ns pulse   - 25 W

• Post-processing RMS: 5.8 m

Tracking result using our developed 
DRGG and software, connected to the 

old system of the ROA-SLR Station



Adaptability scenario



o Replace the remaining old components of the ROA-SLR station using this Project.

o Make DRGG compatible with KHz’ s systems.

o Continue working in the development of Degoras Project.

Aims of the Project



o Ángel Vera Herrera

• avera@roa.es

Let’s get in touch!

Any questions?

o Jesús Relinque Madroñal

• jrelinque@roa.es

mailto:avera@roa.es
mailto:jrelinque@roa.es
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Updates at GRSM

NESC Meeting

30/09/2020
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Monitoring the invariant point and the impact of 

temperature change.
Two system implemented: 

a crown of corner cube in 2019   /  an automated rotating corner cube in 2020

Tacheometer
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Monitoring the invariant point and the impact of 

temperature change.

Results:
• Residuals from circular regression with the crown are 10 times bigger than

ones with the rotating cc

• With the rotating cc, residuals are about the tenth of mm 

• Automation of the entire treatment chain

• Determination of the center

Difference on the determination of the 

azimuth axis between the 2 technics
Residuals from circular regression

With the crown With the rotating cc
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High count rate SLR

New laser integration

COHERENT Hyper-rapid NXT:

100 W, 400 kHz, 250 µJ/pulse, 12 ps FWHM

Big step from 10 Hz to 400 kHz

 Different problems with software and 

event-timer

How do you manage the communication between the PC and the 

event-timer to avoid the lost of data during the data transfer ? 
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Implementation of a new clock: 

T4S passive H-maser

60 k€
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One publication

Mazarico, E., Sun, X., Torre, J. M., Courde, C., Chabé, J., Aimar, 

M., ... & Cremons, D. R. (2020). First two-way laser ranging to a 

lunar orbiter: infrared observations from the Grasse station to 

LRO’s retro-reflector array. Earth, Planets and Space, 72(1), 1-14.



The 2020 Updates of Wuhan SLR Station

Innovation Academy for Precision Measurement Science and Technology, CAS

Wuhan National Geodetic Observatory, Jiu Feng SLR station (JFNL)

Jie Zhang，Bobi Peng，Xinghua Hao
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1. System introduction
1.1 Basic information

We began the research of laser ranging and related technologies from 1970s at Wuhan SLR 

station，and the first SLR system (7231) is a 60cm aperture telescope. A new 1m aperture

telescope (7396) was built in 2018, and this SLR system obtained the first ranging data at 

September 28, 2018.



1. System introduction
1.2 Key performance
l Fork mount

Maximum speed: 100 /s (AZ), 50 /s (EL).

Maximum acceleration: 10 /s2 (AZ),  0.50 /s2 (EL).

Track accuracy: <1″.

Pointing accuracy: <3″ .

l Telescope

1010mm aperture.

10 arcminute receiving view.

l Laser

1kHz to 4kHz repetition rate

2.5mJ per pulse



2.1  Passes and Ranging Precision

JFNL SLR

2. Laser Ranging Status

Problem: 
Calibration mean 
value of target is not 
stable.

Improvement : 
Replace better stable 
cable for echoes signal, 
and monitor laser 
energy 



2.1  Passes and Ranging Precision

2. Laser Ranging Status

JFNL SLR

Problem: 
Ranging passes is little.

Solution:
Employ two full-time 
observers



2. Laser Ranging Status

2.5mj@pulse, 1kHz~4kHz Laser 
Daheng Optics

1mj@pulse, 1kHz Laser
Photonics industries 

2.2 Renew Laser (20200830)
Power of PI laser is not stable which lead to the precision degradation of ranging.



2. Laser Ranging Status
2.3 Renew time and frequency equipment

The clock of Endrun had the problem about time stamp, and GNSS rubidium clock of

GTS-P1901 made by ourself was used from 2020-06-19 to 2020-08-30.

Meridian II US-Rubidium HS-OCXO

short-term 
stability

1.5E-11/1s 1.0E-12/1s 
5E-12/10s 1.3E-12/10s

1.4E-12/100s 1.7E-12/100s
Time Accuracy < 10ns

GTS-1901 Rubidium 

short-term stability
1.7E-12/1s

5.3E-13/10s,
1.6E -13/100s

Time Accuracy < 8ns (SD)
Short baseline Synchronization <1ns (SD)



3. Technical Research
3.1 Time measurement
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3. Technical Research
3.2 Data process

Precise orbit determination based on SLR ranging data, calculation of station 

coordinates and so on.

X Y Z
SHAO
(201903-201904)

-2279756.003 5004737.465 3219791.640

Prof. Toshimichi Otsubo
(201907-201909)

-2279755.6807 5004737.4341 3219791.7385

Wuhan SLR station
(201907)

-2279755.6905 5004737.4123 3219791.7292



zhangjie@apm.ac.cn



Things about 
Changchun Station 

7237



Changchun Station 7237 - Recent Events

• Refurbished 60-cm telescope
• Repainted the outside to white
• Wrap up cables

• Hired new staffs as operator



Changchun Station 7237 - Development Plans

• Upgrade major equipment: 
• laser, timing devices, single photon detector
• change to 2kHz for regular operation
• the upgrade will be done gradually from 2021 to 2022
• implement better calibration target and procedure

• Improve stability of calibration 



Changchun Station 7237 - Problems

• Better or newer type of single photon detector
• Need more guidelines towards millimeter precision

• For example, the normal-point guidelines may need more lines for kHz
• Need more detailed standard for calibration instruments and operations
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