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Lidar activitiesat CEReS

*Portable Automated Lidar (PAL)
Micro PulseLidar (MPL)

*Four-wavelength Lidar — Look-up Table

approach for the deter mination of aer osol
profiles

e Imaging Lidar — Application of the wide
FOV telescope of the Asnra-| project



Portable Automated Lidar (PAL)
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PAL (Portable Automated Lidar)

Observation of tropospheric aer osols and clouds
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A-scope of PAL
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Aerosol concentration in
the boundary layer:
comparison between PAL
data and ground data

Lidar Signal

SPM Concentration (mg/m”3)
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Micro-Pulse Lidar and Portable Automated Lidar

MPL

W. Chen et al.,
Atmospheric

Environment, 35
4273-4280 (2001).

Display
MPL PAL
L aser SHG of LD- SHG of LD-pumped
pumped Nd:YLF Nd:.YAG

Wavelength 523 nm 532 nm
Laser pulse 25 kHz 25KHz 14 kHz
repetition
Pulse energy 4 uJ/pulse 6 uJ/pulse
Telescope Cassegrainian 20cmq
Transmitter In-line type collinear
Target Aerosol, boundary layer, cloud height

Detection mode

Photon counting

Detector

Si-APD PMT
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Aerosol profile
measur ement
with the CEReS
4-wavelength
lidar

355, 532, 756, and
1064 nm

80 cm telescope with
4 photomultipliers

P '_l::l}---——'_

355nm [PMT —
532nm [PMT 1

756nm [PMT |

1 054nmE‘

Aerosol

Telescope

MNd:YALG Laser
532nm

Ti:Bap
Laser

Kinjoetal., Jpn.J. Appl.Phys.,
40, 434-440 (2001); Yabuki et al.
Jpn.J.Appl.Phys., 42, 686-694
(2003).
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Lidar Equation

G(R)

P(R):POC—ZTAK
1 ) i

[ 2["a(R) dR’}

R target range [m] B (R) backscattering coefficient

P(R) detected power [W] [m-isr]
a (R) extinction coefficient [m1]

P, emitted power [W]

C light speed [m/s] A telescope area [m?]

T laser pulse duration [s] K optical efficiency
G (R) overlapping function




Solution of the lidar equation (Fernald method)

S(R) = a,(R)/ A(R) — q(R)/(dgj . SR=(RIAR=-85Z

a,(R)=- Sl(R)a ,(R)+ S,(R) X (R)exp 1 (R)
° (RX)(Ra) r) IR

S(R) S,

2

X(R)=R°P(R), I(R)= 2j R{Sl(R )—1} a ,(R)dR’

Zj R)expl (R)dR



Altitude [m]
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L ook-up table (LUT) method

*Size distribution [R. Jaenicke, 1993]

s(u:u=0to10
L ogarithmic division of the Urban

and Maritime aerosol models 10E+04 %%
«Complex refractive index %\/
[ mmmm——— e —

1.0E+06

E ]
real part m(j,):j;=0to21 LOE+02 ——
1.40 1.60 (001) % —g (Urban) —é
Imaginary part k (j,): j,=0to 300 LOE+00 || —4 =
0.0000 0.0300 (0.0001) 8 i) —9
- aritime
'Wan ength A (/) /=1to4 1.0E-02 \ \ ,
0.001 0.01 0.1 1 10
355, 532, 756, 1064 nm Radius (1 m
1 Aerosol sizedistribution for LUT.
s =0 correspondsto the urban
sl(LUT)(g j11jo U) @ S, parameter model, and s=10to the maritime
model.
a YN j1, - U) : Extinction coefficient




Theory of Mie scattering

Scattered ||| 1o do 1, RO RO
radiance

R dQ R 2k?

Differential cross section

Scatteri o
ampﬁrl:gg F.(6)= Z 2 1) {a,7,(cos @)+ bz, (cos @)}

o0

F,(0)= 7, (cos @)+ a,z,(cos 6 )}

e (COS@) Sl—:-](g p( )(Cosg)’ T, (COS@) ddH P (COS@)

Associated Legendre functions



Constants determined by the boundary conditions: a,, b,

. N N complex
3 = v (Aka)y, (ka)- Ny, (Mka) il (ka) refractive index

‘//ll(ﬁka) S (ka)_ Ny, (ﬁka) S (ka) k=27l A

Ny (nka)y, (ka)-y, (Mka)y, (ka) a radius of the

g = ny/(fka)g, (ka)-w, (Mka)g, ' (ka) dielectric sphere
f Wl(§)=(—1)'§'+1@ ddgj(gggj 0
<X (5)=(—1)'§'”(§ de COSfj 0




Phase fUﬂCti ons (Angular dependence of the

differential cross section)
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Extinction and S, profilesderived from the

smoothed parameters (LUT method)
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Altitude (m)

Vertical profiles of the complex refractive index and size

distribution asderived from actual lidar data
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Altitude (m)

Comparison of aerosol extinction profiles
between the LUT and conventional methods
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Aerosol characteristics over the urban Chiba area
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Detection of VHE cosmic-ray particles %

Air-shower emission of Fluorescence/ lshra-1

Ashra (all-sky survey high resolution air-shower) telescope



Ashra Telescope

light guide
opt. filter |

corrector lens

trigger system ' electrostatic 11

segment mirror telescope base



Regional atmospheric monitoring with
an imaging lidar

System configuration

= Wide FOV, high-

resolution telescope
Scanning laser

Monitoring of urban
atmosphere

Distribution of SPM

- Mie scattering lidar
Trace gases (pollutants)

- Raman lidar

- Differential Absorption lidar
DIAL

- DOAS

=)

Real time, 3-dim.
measurement in a
rangeof 100m 10km

Observation with an imaging lidar




lmaging lidar vs. conventional lidar

Conventional lidar (narrow FOV)
Angular scan is time consuming ,
Target may change during the measurement ''#
=) Time-Height indication 1 %
(vertical profile) ui- e I

FOV of imaging lidar

FOV of conventional lidar

Angular scan of a
portable lidar

Wide Field-of-view 50 degx 50 deg
~ @ Only the laser beam is scanned
— Capability of quick measurement



Eye-safety

Laser power must be under the Maximum
Permissible Exposure (M PE)
(JIS C6802 safety standard)

Operation wavelength of the Ashratelescopeis
between 300-420 nm.
(Wavelength range of the air-shower fluorescence)
For a pulse width of 20 nswith 2 kHz repetition
frequency,
- MPE=4J/m2 @355 nm
(about 300 pJ/pulse for a beam diameter of 10 mm)
cf. MPE=5mJm2@532 nm



2/3 scale prototype 1/3 scale portable model

Two models



Geometry of bistatic measur ement

Line of sight
S Laser Beam

Ashra sub-tel escope
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Asnratelescope — 1/3 scale model\;/\

Backscattering measurement



Lidar equation for bistatic measurement B
P=PF K AZ ds p(6.,) T, T
r

where ds = r Oy
sin(6,.,) Ve,

P Received power [W]
P, Transmitted power [W]
K Optical efficiency of the telescope
A Effective area of main mirror [m?] j L \ :
r Range to the target [m] ‘ a
ds L aser path length in one pixel [m]
B Scattering coefficient [m-isr-]
T, Transmittance from laser to target
T, Transmittance from target to telescope



Comparison of lidar parameters

Comparison of Lidar Parameters

CEReS Multiwavelength Lidar MPL Ashra (2/3 scale) Ashra (2/3 scale) Ashra (1/3 scale)
(near) (far)

Sensor PMT PMT CMOS (128x 128) CMOS (3000x 3000) 128x 128
Target range 10 km 10 km 100 m 5 km 100 m
Wavel 3%b, 532, 756, 1064 nm 523 nm 351 nm 355 nm 351 nm
Telescope diam. 80 cm 20 cm 70 cm 70 cm 25 35cm
FOvV 2 mrad (0.5 10 mrad) 100 mrad 50° x 50° 50° x 50° 50° x 50°
FOV/pixel - - 7 mrad 0.29 mrad 7 mrad
Laser power 100, 50, 70, 150 mJ 5uJd 50 uJ 0.29 mrad 50 uJ
Pulse width 5 9ns® 10 ns 20 ns 5 ns 20 nsec.
Gate time 20 ns* - lpys? 33p s 1ps?
Repetition freq. 10 Hz 2.5 kHz 1kHz™® 10 Hz 1kHz"
Gain 9.5x 10° 5x 10°(1064 nm) | 1x 10° 7 1x 10° 1x 10° 1x 10°
n tele 0.3 02" 037 037 037
n PMT 0.3, 0.2, 0.084, 0.0006 02" 0.2 02" 02"
*1 Sampling frequency of digital CRO.
*2 With intelligent trigger, 10 ns.
*3 Limited by the data processing speed.
*4 QE at the electrostatic 1.I.
*5 Transmission of 3 lenses 0.9 each, mirror reflectance 0.8, detector eclipse ratio 50
*6 355,532nm 5 7ns 756nm 5 9ns 1064nm 6 8ns

*7

Assumption



Parametersfor 100 m range measur ement

m Laser : PhotonicsIndustries (DC30-351YLF)
Wavelength 351 nm, Power 50 — 150 pJ
Frequency 1-2kHz, Pulse Width 20 ns

Background 1.68x 108 [Wm2sr-Inm-1] @ 355nm
(Nighttime) (Ten times as bright asthe new moon case)

FOV/pixe 7 mrad (128x 128 pixels),
0.29 mrad (3000x 3000 pixels)

Filter Bandwidth 3 nm

Shot counts 10000 (10 s)



Model profile of theatmosphere [
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S/N

L aser power dependence
L =100 m, Gatetime = 1us, night time background

50uJ/pulse

-----

A

1 : | : T r T T T T
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Viewing angle [deg.]
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Angular resolution dependence
L =100 m, Laser power = 50 uJpulse, Gatetime = 1us

10 10°3
105—§
0
10°] )
102—§
101—§
10— 0
-90 -60 -30 0 30 60 90 -90 -60 -30 0 30 60 90
Viewing angle [deg.] Viewing angle [deg]

S/N
S/N

7/ mrad (128x 128 pixels) 0.29 mrad (3000x 3000 pixels)



Altitude [m]

Altitude & Range (L = 100 m)
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Parametersfor 5 km range measurement

m Laser : Spectra Physics (GCR-130)
Wavelength 355 nm, Power 80 mJ/pulse
Frequency 10Hz, Pulse Width 5ns

Background 1.68x 108 [Wm-~2sr-Inm-1] for 355nm
(Nighttime) (Ten timesasbright asthe new moon case)

FOV/pixel 0.29 mrad (3000x 3000 pixels)
Filter Bandwidth 3 nm
Shot Counts 100 (10 s)



L=5km (nighttime) [

Intelligent trigger

100 ns

\ | | ! | E
1 1 | : : i
‘I : 1 \ 1 i
1
[e] \ 1 \ ! 1 (o]
1 1 ! I 4
1 | H
Do P
1
1 1 !

290 -60 -30 0 30 60 90 290 -60 -30 0 30 60 90
Viewing angle [deg.] Viewing angle [deg.]

Because of the small background, longer gate time does not result
In the S/N degradation.

Gatetime of 100 nsisroughly equal to the elapsed timein which
the laser beam passesthrough amacro cell 24x 24 pixels with the
viewing angle of 0° at therangeof 5km.



Radiance (W/cm”2/sr/cm-1)

. o Modtran Simulation
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L=5km (daytime)

Intelligent trigger

10° 10°;
] 33U s ] 100ns
2| 21 0

10 10 850
: = _
_ %) |

109 P . e 101‘;’,
__________________ \\\ 850 I

100-/;', OSSN ,\ R /\ 1004—— Lt R
90/-60 -30 0 30 60 90  -90 -60 -30 O 30 60 90

5°  Viewing angle [deg.] Viewing angle [deg.]

Sky radiance at 355 nm isassumed to be 0.1 Wm-~sr-Inm-1on the basis of
the MODTRAN simulation.

Intelligent trigger isquite useful for the daytime measurement with a
lar ge background.



Altitude & Range (L = 5km)
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Summary for theimaging lidar project

In the Ashra-| project, EHE cosmic-ray particleswill be
measur ed using wide-FOV, high-resolution telescopes. The
FOV of 50 deg, resolution of 1 arcmin (0.29 mrad), intelligent
high-speed shutter, and 1 kHz repetition rate indicate that the
system has superior quality also for the telescope of an
Imaging lidar. The overall amplification factor of the
detection system is 10°, equivalent to that of a conventional
PMT.

The greatest advantage of thistelescope for an imaging lidar
ISthat it provides awidereceiving angle, as opposed to very
narrow acceptance angle of the conventional lidar telescopes.
In the recelving angle of 50 deg, lidar observation can be
carried out by scanning the laser beam. At CEREeS, weare
going to develop a Mie-scattering imaging lidar for the two-
dimensiona detection of aerosol particles.



Summary

Lidar activities at CEReS

Lidar : Light detection and ranging

Development of lidar observation of aerosols

— Multi-wavelength measur ement of tropospheric
aerosols

— Automated measurement with PAL and M PL

— Imaging lidar system using a wide FOV telescope



Multiple scattering calculations (Monte Carlo method)

Parameter Value

Wavelength 532 nm
Receiver field-of-view FOV 3 mrad
Photon histories 5 million
Scattering order 10

Personal computer 350 MHz
Calculation time about 4 hour

The probability of nth order photon scattering P (R) :

A,G(R) EH{_ JE[Z": L +R, Hcr,,.plﬂ) cos(c,)

P.(R)=—2—s

where

@ = the arrival angle relative to the telescope axis (with an area 4 )

o, = the extinction coefficient which is equal to the scattering coefficient o,
p( 0 ) = the scattering phase function (Mie or Rayleigh)

L, = the free-path length of the nth scattering photon

R, = the distance between nth scattering photon and the receiver

G(R) = the geometrical form factor of the lidar optics

R = the half distance 1n the total-path length of the photon.




Single Component Atmosphere
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