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ABSTRACT

Remote sensing satellites equipped with Lidar payloads are
Received: 06 July 2024 deployed for ground, atmospheric, and space target monitoring missions. The primary
Reviewed: 15 August 2024 advantage of space Lidars lies in their ability to conduct global monitoring with repeated
Revised: 07 September 2024 coverage of targets, a capability that ground and airborne Lidars cannot fulfill. The energy of
Accepted: 05 October 2024 each pulse is a critical parameter in the design of space Lidar remote sensing payloads,

impacting data accuracy, signal-to-noise ratio, horizontal and vertical resolution, and overall
return signal aggregation time. Enhancing the signal-to-noise ratio is a key consideration in both

KEYWORDS: the design and operational phases of a Lidar project. Numerous studies have explored the
Lidar impact of different parameters on the signal-to-noise ratio of Lidar systems. However, despite
Remote Sensing Satellite these extensive investigations, this issue has not been comprehensively examined to date. The
System Design geometric configuration of the Lidar system, laser specifications, optics, electronics, and the
Signal to Noise arrangement of the laser-telescope geometry are key factors that significantly influence the
Zenith Angle optimization of the signal-to-noise ratio. Apart from the specifications of individual

components, system analyses play a crucial role in the design of Lidar payloads. This includes
technical specifications of the laser, transmitter, optical system, receiver telescope, heat

* Corresponding author control, and radiation considerations. Establishing a technical alignment between missions and
8% m.khoshsima@isrc.ac.ir payload specifications is a key requirement in this process.
@ (+9821) 63190000 m Fully investigating the challenges associated with the systematic analysis of Lidar

payloads is essential. This paper presents comprehensive research on the challenges and
requirements related to the design considerations of Lidar systems, focusing on the transmitter
and receiver components, as well as environmental factors such as radiation effects and thermal
issues. Following the initial system analysis, further exploration is needed to address
considerations for the Lidar payload during the operational phase, encompassing challenges
related to data extraction, signal quality, and signal-to-noise ratio.

Variations in the sun's radiation angle can impact the optical depth parameter of

aerosols, affecting the lidar signal-to-noise ratio by 10-40% based on atmospheric conditions.
Optimal data collection times are estimated around zenith angles below 50 degrees at
approximately 10 am and 2 pm, correlating with sun angle and atmospheric light scattering.
Additionally, sunrise and sunset can influence signal-to-noise ratio due to maximum dispersion.
The calculation of total ionizing dose damage serves as a design bottleneck, determining laser
module efficiency loss through critical power index assessment for active and passive heat
control. This article explores technical bottlenecks and systemic considerations in lidar payloads,
investigating the role of environmental factors such as sun radiation angle and space
environment impact.
The findings indicate that environmental factors such as space radiation and
atmospheric optical indices during the operational phase, as well as geometric, structural
parameters, and heat management during the design phase, significantly impact the energy of
each pulse and variations in the signal-to-noise ratio. This insight is crucial for accurately
estimating design budgets at both system and subsystem levels. The outcomes of this study not
only offer practical implications for case studies but also suggest potential enhancements
through the exploration and inclusion of additional considerations, potentially at the subsystem
or other payload component levels. Leveraging the results of this research can help guarantee
the precision of Lidar performance in future phases.
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Fig. 1: General structure of a Lidar payload [10]
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Fig. 2: Application investigation of the transmitter in a Lidar payload [13]
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Table 1: Mission requirements for the first class of lasers - Laser technical requirements tailored to measurement scenarios [14]

Topography, Pulse Rate < h=1pm, 2025  %=1um,0.5J | Reliability,
aerosol and 500 Hz, Solid- J @ 150-Hz @ 50-Hz PRF, packaging,
temp. profiles state Laser PRF, WPE ~ WPE 6%, 1-MHz @ space
10%, 1-MHz linewidth, M* < | qualification
linewidth, M*< | 1.5
1.5%
Topography, Pulse Rate = 1 ho=1um: 1) ho=1pum, ~ Reliability,
aerosol and kHz, Solid-state | bulk,=08J@ | 100s uJ @ = packaging,
temp. profiles Laser 5 kHz PRF, 2.5-kHz PRF, space
WPE > 5% 2) | WPE 6%, 1-MHz | qualification
fiber,> 1-4mJ | linewidth, M? <
@ 10 kHz, WPE | 1.5
> 15%, GHz
linewidth, M? <
1.5°
Gravity cw Solid-state A=1pm, ~15 1 um, 220 mW, GRACE-FQ is
Single kW, WPE ~ sub-Hz focused on
Frequency Laser  10%, ~100-kHz | linewidth® demonstration of
linewidth, M* < frequency
1.59 reference, incl.
locking scheme
Atmospheric Frequency See “Fixed Harmonic Improved
Composition, Conversion Wavelength generation of nonlinear optical
winds, ocean Conversion” and | 532, 355 nm; materials and
mixing-layer “Tunable parametric anti-reflective
Wavelength generation to coatings
Conversion” fixed and
sections tunable 1's Vis-
MWIR*
Topography, Fiber/Hybrid 10-100+ Wat1  1,1.5,2 um, ~ Fiber-integrated
aerosol and T, (bulk+fiber)* pm (typically <1 | 0.1fewmJ @ = = Ccomponents,
oceanography mJ), PRF 20- 2.5-kHz PRF, low-nonlinearity
>100 kHz, M*~ | \WpE - 15%, gain fiber, higher
1, WPE = 20% range of WPE pump
linewidths, M? < | diodes

High resolution

Single 1. signal

10 kHz-few MHz

1.5
Linewidth from

Linewidth in ~10

aerosol, Hz0), laser diodes, linewidth, 20- kHz to MHz at kHz range,
oceanography amplifiers 100 mW Pyye variety of & in wavelengths >
Vis-SWIR range | telecom
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Table 2: Mission requirements of the fifth class of lasers [14]

Aerosol, H:0y,

Second

~70% 1064nm

>100 mJ @ 532

Incremental

T, oceanography = Harmonic —532nm (24 nm, 10-200 Hz  performance
(at 532 nm w/ Generation W @ 150 Hz, PRF; 2-5mJ @  and reliability
less penetration Py =16 MW)%;  532nm, 2.5-20  improvements
than ~450-480 >50%, 1064nm  kHz PRF
nm) — 532 nm (200
W)
0O, Second >50% 1530 1J, 10 Hz. Scale telecom
Harmonic nm—765 nm technology
Generation lasers to much
higher energy
DWL; aerosol Third Harmonic = ~6 W, ~50% ~6 W, ~30% High efficiency,
and T profiles Generation 1064+532 — 1064+532 — high reliability
355 nm (20 kHz, ' 355 nm (200 Hz, UV generation
Poc~1 MW), | Py~10 MW)
~20+% at 150-
300 Hz PRF

* Albert et al. [2015].
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Fig. 4: Technical requirements of the receiver subsystem (optical system) of the Lidar according to the type of measurement mission [14]
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Table 3: Limitations caused by differences in technological capabilities [14]

High-efficiency
detectors in 1.5-2
um range
Field-widened
interferometric
receiver
High-bandwidth,
high-sensitivity
detector arrays

CO, (ASCENDS)

(ACE)

formerly DESDynl)

None Gravity (GRACE-2)
Multiple Topography (LIST in 2007
aperture/beam Decadal)

receiver

Single telescope 3D Winds

supporting multiple
look angles

Aerosol/Clouds/Ecosystems 4

3D Biomass (NISAR/GEDI,

Space
qualification/radhard
assurance
Wavefront error

3 N/A

6 N/A

3 Large-area detector
with high readout
bandwidth

3 Large-aperture
receive optics
(HOE/DOE,
interferometer)

Receiver Technology Challenges
o

Aberration compensation

Waignment maintenance

DOScanning Systems

DODoppler Offset Compensation
Technologies

MLarge Effective Area,
Lightweight Telescopes
(Including stray light controf)

BMechanical Metering
Structures

MSpeciaity Optics: High

(Mede Matching)

DOMarrowband Optical Fikers

WDstactors (Including Arrays)
and Amplifiers

Number of Measurement Scenarios Citing the Technalogy Requirement

Enabling Cost Reducing

B\Optical High Resclution
Spectral Analyzers

Dpetection Electronics, E.G.,
High speed ADC, multi-
channel scaler, and boxcar

Performance
Enhancing
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Fig. 5: Practical examination of the classification of lasers in the receiver [14]
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Table 4: Applications, related technologies and their requirements from the receiver's point of view [14]
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telescopes =1 m
2-5 m primary
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Fig. 6: Thermal characteristics review of Lidar payload over time [21]
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Table 5: Radiation effects on semiconductor light sources and detectors
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Fig. 7: data mining considerations [22]
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Fig. 8: Applications of technologies related to data mining Analysis [14]
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Fig. 9: Considerations of technologies related to challenge parameters and their effectiveness [14]
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Table6: Applications along with related technologies and their requirements from a data mining perspective [14]
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of optical depth of aerosols
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Zanjan, (b) populated and industrialized cities of the world and (c) dust-affected
areas [28]
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