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Micro-Joule Lidar based on diode laser
and single photon detector
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Outline

Noval approach based on high repetition rate eye-
safe microJoules pulses and quantum counter

* Advantages
High efficiency diode pulsed lasers as transmitter

High efficiency Single Photon Avalanche Diode as
recerver

e Results
The first Lidar on Mars was the lidar of
Russian Academy of Sciences

which was delivered by NASA “Mars Polar
Lander” mission in 1999



Lidar LIMS for NASA project Mars Polar Lander —
99

Weight—- 940 g
Consumption-0.2 W
T =-100 +50°C
Data volume

2kB per set

36 kB/12 sets per sol
Range 750 meters
resolution 10 m
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1999 - The first Lidar on
Mars surface (South Pole )
Congratulations with 10% anniversary !!

Mars Polar Lander - Light Defection and Ranging (LIDAR) s, jpl.asa gov msp98daream himl
Mission Overview Home
Science Goals Site Map
Status & News Foedback
Spacecraft Images P Mars Program







Lidar principle with Single Photon
Avalanche Diode as receiver
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Motivation

e Can we measured the distance
with centimeter accuracy
by T =15 ns (~4.5m) pulsed rangefinder based on
eye-safe diode laser and SPAD as receiver?

«  distance 1s L =cat/2,

where At is time of flight;
accuracy Is AL = ¢t/ 2,

where T is pulse duration (about 4.5 m)



NEW

D.SLINEY.

LASER SAFETY CONCEPTS

LASER FOCUS WORLD. 1994. P .185
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Micro-Lidar advantages

Eye-safe and full trouble-free

High efficiency — diode laser & photon counting
Digital circuit— high stability to environment
Reliability

No interference

High repetition rate-short acquisition time
Photon counting — discrete statistics

Multilayer clouds, plume detection and smoke
mass measured for forest fires, bio-mass
restoration after forest fires



Hand-held aerosol Lidar







Urban aerosol monitoring

50 meters over the surface
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Lidar counts

Clouds-layer monitoring
in strong snowing
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Lidar counts

Clouds-layer monitoring
in strong snowing
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Eye-safe pulsed rangefinder

 Improvements of space resolution



Lidar principle with Single Photon
Avalanche Diode as receiver
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Target ranging through canopy, @step
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Target ranging through canopy, 5 m step
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Target ranging through canopy, tep

80 target:
building wall
v 60+
c
-]
S
% 407 ’
< tree’s canopy
20
%000 6000 7000 8000 9000 10000

Distance, cm



Range measurement scheme

Lidar target

Ranges =~ (0.3 and 500 m

Lidar shift=1*1 cm




Distance to target, cm

Distance measurements

Y=A+B*X
Welight given by Datadistcompa_C error bars.

Parameter Value Error

A 4.84489  0.48122
B 1.0067 0.10646

R SD N P
0.99668

Lidar shift, cm

0 2 4 6 8 10



Distance measurements
(curve fitting analysis)

Nonlinear fitting by Voight profile
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Distance measurements
(curve fitting analysis) Comparison by fitting

Two curves are different
according to fitting
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Signal fragment: the target shift ~1 cm
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Conclusion

Micro-Joule eye-safe Lidar
can be widely used
for environment
monitoring
Without eyes protection
and
with cm accuracy ranging



Thank for attention



Joule man-handle Lidar

Micro




Oil slick monitoring by lidar
(Volga, 1994).
novel approach: double pass
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Lidar backscattering, count
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10-FOLD increasing due to oil slick

Backscattering photon, count
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Clouds and layers
monitoring
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photocaunts

Multi-layers clouds
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Forest fires monitoring

USA,
Montana-Idaho St.
Sept. 1999
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R L =

LIDAR CALIBRATION CURVE
backscatter/concentration
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Trees height monitoring

For biomass restoration after
forest fires



Tree’s height monitoring via air-platform




Tree’s biomass estimation
by Lidar profiling of forest canopy
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Micro -Lidar
in Moscow State
University,

Physics Department,

for student education
courses
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Distance measurements
(curve quality difference)

Nonlinear fitting by Voight profile
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