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• Assess the feasibility of using a microbolometer in an SLR as a replacement 
for current detectors.

• Evaluate models for atmospheric transmission.
• Assess the performance of microbolometers compared to other detectors 

across various metrics, such as beam divergence, atmospheric turbulence, 
and detector sensitivity, by utilizing an empirical Link Budget Equation.
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RESULTS AND DISCUSSION

CONCLUSION AND FUTURE  WORK

• SLR stations use ultra-short laser pulses to measure the round-trip time to 
satellites with retroreflectors, providing millimeter-level precision for 
orbits up to 42,000 km altitude. This technology has been extended to 
lunar laser ranging and even asteroid ranging, demonstrating its versatility 
in space object tracking.

Research various detectors 
& Test atmospheric models 

Test the parameters of the 
selected detectors

Build a link budget 

Evaluate the performance 
of a microbolometer

Key Steps

(T.Fahey et. al., 2021)

• Modern SLR technology can track 
space debris at kilohertz to 
megahertz rates using single-
photon detection, with advanced 
systems operating at up to MHz 
frequencies. This aligns with     
Lumi Space's efforts to develop 
laser ranging systems for space 
traffic management and debris 
monitoring, addressing space 
sustainability challenges.

LASER Range Equation:
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• Optimize Operating Temperature: Reduces radiated heat loss, 
enhancing performance.
• Material Selection: High TCR materials like VOx and a-Si improve IR 
sensitivity.
• Infrared Optical Antennae: Enhances detection by focusing IR 
radiation.
• Reduce Pixel Size: Increases resolution but may affect NETD.
• Thermal Isolation: Reduces thermal noise, improving SNR.
• Dynamic NUC Mapping: Compensates for drift, improving stability.

Before (After)

• SLR systems track objects at various distances, 
including lunar ranges. Advanced models 
accounting for atmospheric effects are crucial for 
improving accuracy across all tracking distances.

• Microbolometers with infrared optical antennas 
and high TCR materials may potentially enhance 
SLR detection and IR sensitivity.

• Current tracking models require real-time 
improvements to achieve 1m accuracy for over 
150,000 space debris objects as small as 1cm.

Image Credit: (i) Retroreflector, Lumi Space, (ii) Microbolometer, GSTiR 

CM
OS

Comparison with CCD and CMOS:
• CCD Detectors: High sensitivity, low noise, 
requires cooling.
• CMOS Detectors: Fast response, low 
power, noisier than CCDs.
• Microbolometers: No cooling needed, 
excels in IR detection, less sensitive in 
visible spectrum.

(Appleby et. al. 2016)

https://www.mdpi.com/2073-4433/12/7/918
https://www.gst-ir.net/products/uncooled-infrared-detectors/640X512/gst612m.html
https://www.google.com/search?client=safari&sca_esv=7bed0de0dada41c5&rls=en&sxsrf=ADLYWIIixjdAaJzPlkMDbl374530kagNNQ:1725225486557&q=CMOS+detector&udm=2&fbs=AEQNm0DPvcmG_nCbmwtBO9j6YBzM68ZanC7g01Skprhw5JoufVCiMv-hxC44jt6JduRQysBab-bgQXjPraaWFXMvOy8Kr1OAG3K-aj3De4zf3-LxKtkBtWaSCp743evHzhY6J0rIQUCXki65vOxhV0cGJtj0S1dF8YREnKrWtJctBkTv8-bs83YpB7p3IMTdYvjisDEty1xSxeLS4B_TKFXUiCrenmEMcA&sa=X&ved=2ahUKEwi4nqLi1aKIAxV-W0EAHdQZEMsQtKgLegQIERAB&biw=1440&bih=820&dpr=2#vhid=ITMtiCvuBb8j6M&vssid=mosaic
https://www.google.com/search?client=safari&sca_esv=7bed0de0dada41c5&rls=en&sxsrf=ADLYWIIixjdAaJzPlkMDbl374530kagNNQ:1725225486557&q=CMOS+detector&udm=2&fbs=AEQNm0DPvcmG_nCbmwtBO9j6YBzM68ZanC7g01Skprhw5JoufVCiMv-hxC44jt6JduRQysBab-bgQXjPraaWFXMvOy8Kr1OAG3K-aj3De4zf3-LxKtkBtWaSCp743evHzhY6J0rIQUCXki65vOxhV0cGJtj0S1dF8YREnKrWtJctBkTv8-bs83YpB7p3IMTdYvjisDEty1xSxeLS4B_TKFXUiCrenmEMcA&sa=X&ved=2ahUKEwi4nqLi1aKIAxV-W0EAHdQZEMsQtKgLegQIERAB&biw=1440&bih=820&dpr=2#vhid=ITMtiCvuBb8j6M&vssid=mosaic
https://ivscc.gsfc.nasa.gov/publications/gm2016/002_appleby_etal.pdf
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