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Presentation Plan o

* Modular Hardware Lidar

« Multiple Field-of-view polarimetric lidar and Particles sizing
* Bioaerosol depolarization discrimination

* Adverse weather lidar

* Biofluorescence lidars

« Adaptation to oceanographical studies
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Modular detection modules
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PM: 20 cm parabolic mirror; F: 532 nm inteference filter; PC_1 and PC_2: polarization cube beam splitter; Att_1 and Att_2: attenuators.
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Modularity
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Realizations and proof of concepts

-Particle sizing



Multi-Field-of-View Lidar principle
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Why is there information on size? E

Forward scattering

Equivalent
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Incident light
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Second Order Scattering Model
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Two design concepts: sequentials and HOE
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MFOV Lidar - Retrieved Cloud & Precipitation Parameters
10 December 2003
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Determination of size and concentration of very thin aerosol layer

Bioaerosols
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Experimental validation

CONCEPTUAL SCHEMA

B

— -
l Background K\L Background
aerosols Background aerosols
2 i aerosols+
a " bioaerosols |
Z b i .
Z
I
C
p 0
D
&
EXPERIMENTAL
SET-UP < Ze P

DEFENCE '!’V 'DEFENSE



17

PD(ZC’

'9i+1 _Hisab > 0)

Ps (Zc ’es ’ab > O)

— T T T T
1] o_0nz o003 o.00G o.

APnorm(eﬁl' 01)

— T [ T T
-0.0032 -0_00g 0 0,00z

aoE

0o_003

P, (Z

c>7i

6,1~ 6,0, =0)

Ps (Zc’es’ab = 0)

0,00z

—7
0003

— T T
0005 0003

AP norm(ei+1' el)

14000 |

12000

1.0000 -

0.8000

0.6000 -

0.4000

0.2000 A

0.0000 j

14
L4
e

0.000

0.001

0002  0.003
fov (rad)

0.004

0.005

b DEFENSE




Gate width = 60 ns, z.=175m, 50 um
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Measure on Pollen
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Polarization and Multiple scattering
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Phase function
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Phase function
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Observation with a gated ICCD
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=~ 2 dissemination systems used to generate water droplets (6 um)
ﬁ and oil droplets (0.8 um)

Mixing fans operated to ensure a good homogeneity inside the
chamber
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Study of the azimuthal dependence-¢tithe-
cross-polarized returns
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Water droplet
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Fitting curve
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Contrast
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On the information content of linear and circular
depolarization signatures of bioaerosols
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* Could the information content and discrimination
power be increased 1f circular polarization measurement
was added to linear polarization existing measurement?

 Is 1t worthwhile to develop lidar with full Stokes
parameter measurement capabilities for randomly
oriented aerosols?
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Emission, side view
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PM: 20 cm parabolic mirror; F: inteference filter; PC: polarization cube beam splitter; Att: attenuator
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Materials
Description Pol. Size Description L
# pm # pm
Trees and Mulberry, Cultivated.
shrubs paper 1 8-10 Plants Alfalfa 14 25-40
Aspen 2 25-30 Mustard 15 -
Birch, White 3 30-35 Grain Dusts Barley 16  8-20
Oak, White 4 25-30 Corn 17  8-20
Elm, American 5 20-30 Wheat 18 8-25
Poplar, White 6 20-30 Smuts Oat 19 57
Pine, Virginia 7 - Wheat 20 5-8
Weeds ragweed, short 8 20 Corn 21 -
Plantain, ] Neurospora
English 9 20-25 intermedia 2 o
Sagebrush, Penicillium
common 10 - chrysogenum 23 -
Mugwort, Grasses
Common 11 15-25 Rye, Perennial 24  20-30
Flowers Sunflower 12 - Timothy 25  35-40
Daisy, Ox-Eye 13 24-30 Road Dust ARD 26  1-10
1-
AFD 27 10
Glass Beads GB 28 1-5
Graphite GR 29 1-5




Linear depolarization ratio, 5L
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Linear and circular depolarization ratio measurement
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Scattering matrix for randomly oriented materials

M, = p(80%)

B B 20,
1+6,, 1+0,, 1-6,
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Depolarization parameter
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Examples of sky scans

7 December 1999 ; 15:39 UTC
Gnd 500mvdiv ; 15 deg/div

2 water cloud layers

2 February 2000; 12:21 UTC
Gnd: 500 m/div, 15 deg/div

2 ice cloud layers
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1

13 December 1999, 1426 UTC
Gnd: 500 m/div; 15 deg/div

Cloud layer & Fog
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Snow and clouds
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Lidar return (A.U)
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Rain and clouds layers

Temperature: 6°C
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6 December 1999; 14:27 UTC

Radius of Display: 1 km
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Diff. backscattering cross-section (mmz/str)
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Gated Biofluorescense
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Schematic SINBAHD Diagram
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CCD counts (x10°)
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Adaptation to oceanographical studies

Simultaneous dual operation 532/355 nm

Lidar return with Gated PMT

......... . : Gated ICCD dual polarization
Imaging every 1-5 m
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The Undique Monte-Carlo Simulator P | WL PR

The Undique Imaging Monte-Carlo simulator 1s made to
reproduce the behaviour of a Flash Ladar system.

It 1s made of a laser source, a camera, a propagation media, and a
target.

The characteristics of each component can be adjusted to
reproduce the desired system.

Polarization management capacity was recently added to the
simulator.

flash
O

camera




The Undique Monte-Carlo Simulator s

The source

 The source can be coaxial with the receiver or
anywhere else within the maximum range
allowed.

« Multiple sources are possible (ambient
sunlight)

« Sources can have pattern for various
purposes.

ey



48

Propagation range

The Undique Monte-Carlo Simulator e

Propagation 1s made by steps defined by the location of the various possible
events: camera aperture, beginning of the target, target background, aerosol
beginning, acrosol end, turbulence plane.

The photons are sent from one plane to the next.

It makes the simulations longer but allows easy addition of new types of
Iteractions.
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