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Forewovrd

« A lidar evolution, the lidar evolution or my lidar evolution
« As witness and to be an actor

« Confrontation of what’s going on world wide and how to get
involved to be part of it

PHF 15 CLRC, Toulouse, 22-26 June 2009



1. Prehistory of Lidar

"Doww the Lidar-Hole"

“Liday, You sacd Lidar,
how biLzarre Lt Ls!”
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1960: Year “1” of the laser Eva

T. H Matman

whew the first working laser was reported, it was described as "a solution Looking
for a problem”. nitially, the laser was called an invention Looking for a job

PHF 15 CLRC, Toulouse, 22-26 June 2009 4



PHF

LIDAR before LASER

206 METEOROLOGICAL INSTRUMEN

(g) Automatic ceiling light projector

A\-(lcvch)pmcnl from the daytime ceilometer described above is the auto-
matic recording ceiling light now used quite extensively by the United States
Weather Bureau. In this device, the modulated beam is i):‘()ict‘t(z(l vertically
and the photocell, or photoelectric telescope, at the other end of the base line
scans from (0° elevation to the vertical in the plane of the light beam (Fig.
147). The angle at which the photocell receives an impulse from the spot on

N cLows

S——RAY OF REFLECTED
. MODULATED LIGHT

~ BEAM OF MODULAT
LICHT FROM PROJECTON

CEILOMETER DETECTOR

RECORDER

F16. 147. Automatic ceilometer system. (Courtesy of Crouse-Hinds
Company of Canada, Limited)

the cloud ceiling is recorded automatically in terms of ceiling height on a
recorder usually placed remotely in the Weather Bureau office.
(h) Ceiling alarm®

An apparatus similar to the daytime ceiling projector, but with a much
smaller light source, is used to give a visible or audible signal when the ceiling
drops below any

lected value at night; and the same apparatus may also
be used to measure the ceiling at night without the necessity of I()r;xrir-m' the
spot visually. The light source is an 85-watt mercury lamp at the I’o(‘u:; of a
’Ifi—m(‘h parabolic mirror, throwing a narrow vertical beam of modulated light.
'] he photoelectric telescope differs from that used in the daytime ceiling in‘n—
jector in making use of an electron multiplier tube (type ‘.i’i;l) instead of an

Private communication from the Instrument Division, United States Weather Bureau

Bistatic ew search light

INSTRUMENTS FOR INVESTIGATING CLOUDS 207

ordinary phototube. The ingenious electrical circuit discriminates against
random pulsations in favor of the 120-cycle current produced in the multi-
plier tube by the modulated light; and the output of the amplifying tubes is
It can be measured on a meter when the instru-
ate a relay when it is desired

proportional to this current.
ment is used to measure ceilings, or used to oper
to use it as a ceiling alarm.

Fig. 148 will make clear the operation of the ceiling alarm. The photo-
electric telescope is set to the angle corresponding to the ceiling below which
an alarm is to be given. As long as the ceiling is higher than this value, the
field of view of the telescope includes a volume of air which is strongly illumi-
nated by the projector; and enough light is always scattered into the telescope
from this volume of air to hold open the contacts of a back-contact relay

F1G. 148. Illustrating the principle of the ceiling alarm.

connected to the amplifier. If the clouds come lower, no part of the field of
rongly enough illuminated by the projector to hold
_actuating the alarm. Failure of the projector or

view of the telescope is

up the relay, which clos
the detector is ¢

immediately announced.

(i) Pulse methods of cloud-ceiling measurement

(i) Light
using a pulse of light—"lidar" so to speak —have been
ireat Britain. The ceiling is given, as in radar, by

Experimental devic

made in France and in (
timing the period between emission and re eipt of the reflected light pulse.
Using a high-voltage spark to produce a short (one microsecond) light pulse
at the focus of a large mirror and detecting the pulse reflected from the clouds
by a photocell at the focus of a second mirror, ceilings up to 18,000 feet in
daytime have been measured in England.'? An apparatus of this sort is pro-
duced commercially in France.

(i) Radar

Not only the base of the lowest cloud (the ceiling) but the tops and bases
of multiple superimposed cloud decks can be detected by the use of a one-

., 53(1949):437-148.

fones, F. E., J. Roy. Aeron. S

“lidar” so to peak

W. E. K. Middleton and A. F. Spilhaus, 1953: “Meteorological instruments”
15 CLRC, Toulouse, 22-26 June 2009




Earliest Search Light Works

1014 Mr. B. H. Synge on a Method of

References.

p. 208

XCI. A Method of Investigating the Higher Atmosphere.
By E. H. Syxag *,

) EGULAR balloon observations of the upper atmo-
sphere, as may be seen from the tables in any book

on meteorology, do not extend beyond 20 km., at which
beight the density is from ; to } that at sea-level. The
density is falling rapidly at this point, and it is improbable
that balloon observations could be carried to a much
greater altitude. They must certainly fail long before that
interesting region is attained. at about 50 km., where the
density is about ;.. that at sea-level and the pressure
similar to that at which electrical discharge in vacuum
tubes takes place most readily. It is quite probable that
the ionization of the lower atmosphere may be controlled
by conditions here, so that a means of recording variations
in the atmosphere at these altitudes might be of consid
able importance to meteorologists. So far as the writer is
aware the only method suggested for obtaining records at
such altitudes has been that of sending up powerful rockets,
loaded with apparatus, which, after recording the conditions
at the height reached, would descend to the carth by means
of parachutes . The difficulties of this method are nume-
rous and obvious. and it does not seem that any attempt
has been made to obtain records in this way. The
following method, on quite different lines, is, htowcver,

# Communicated by the Author.
t R. H. Goddard, “A Metlod of Reaching Extreme Altitudes,”
Smithsonian Misc. Collections, vol. Isxi. no. 2 (1021). e

Phil. Mag., 9, 1014 (1930)
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available to determine certain properties and variations of
the upper atmosphere, as far as a density from oo 0 w}y\“;
that at sea-level. Nearly all the appara required exists
in sufficient quantity ; there are no formidable technical
difficultics to be surmounted; and the theory appears
quite unassailable.

The method depends on the scattering of light by the
molecules of a gas ; for a gas of constant composition this
scattering is proportional, to a high approximation, to the
density of the gas, and inversely proportional to the fourth
power of the wave-length of the light. Thus, supposing
the composition of the atmosphere to be unchanged at the
heights investigated, its density at these heights will be
known, after making various corrections, if we can project
a sufficiently strong beam of light to allow of the light
scattered in a given region being detected and measured
by photo-electric apparatus after collection by a large
reflector. )

The sky of night is, of course, by no means perfectly
dark, and even if we se he darkest part of the sky on
a clear moonless night as a background, the light
by the beam of a single searchlight at any cons
height will be quite imperceptible to the eye. For
instance ; taking figures for the scarchlight from Glaze-
< Dictionary of Applied Physics” ; for the molecular
scattering from Schuster and Nicholson’s ¢ Optics”; and for
the sky from Russell, Dugan, and Stewart’s ‘Astronomy.” it
appears that, at a height of 30 km., where we may suppose
the density to be about i, that at sea-level, the light
scattered from the beam of a 36-inch searchlight, with the
most powerful arc, will only add about 1 part in 200 to the
brightness of the darkest partof thesky. This proportion,
although perfectly imperceptible to the eye, can be
detected by photo-electric apparatus, which is sensitive to
a difference of 1 part in 1000.

This is the case of a single searchlight, but the method
involves the concentration of a large number of search-
lights upon the sawme region in the upper atmosphere. The
effect is additive. In the case considered, if a single
searchlight enables a reading to be made with a probable
error of 10 per cent., then ten searchlights will reduce the
probable error to about 1 per cent. This leaves out of
account various important considerations—ifor instance,
the steadiness of the arcs and the absorption of the light by

516 JOHNSON, MEYER,

10- to 12-km region. Fig. 3 shows a curve taken
on August 22, 1939, up to ten km, together with
a good example of a transparent cloud at 12 km.
The dotted part of the curve was estimated from
deflections of the cathode-ray oscillograph since
the cloud was moving too rapidly to allow a
complete delineation of the curve.

Other nights showed the presence of a varying
absorption or scattering of fairly rapid period.
Fig. 4 shows the signal-variation at 16 km on
the night of September 5, 1939, together with
the variation in noise level.

In the present work no attempt was made at
great accuracy. The accuracy of the observations
could be made very good by using a monitor
receiver set a height of four km, since it is felt
that a varying absorption takes place below this
height and because of known variations in trans-
mitter-output. It would also be very advanta-
geous to use a receiver with a lower f number in
order to improve the optical imagery and to
allow the use of filters. If measurements are to
be made at great heights it would be necessary
to use a longer base-line in order to increase the
resolution. The effect of changing the base-line
is shown in Fig. 1. However, changing the base-
line from 5.8 to 22 km also decreases the sensi-
tivity about tenfold.

It is possible to predict the increase in height

HOPKINS AND MOCK

which would be possible with an improved
system. If a 60-inch aluminized receiver and a
60-inch aluminized transmitter with 18-mm
carbons were used, together with a (K—0)-cell
at the receiver and a 22-km base-line, it would
be possible to gain at a maximum a factor of 100
in sensitivity. This should make observations
possible to a height of 70 to 80 km. Greater
heights with poor resolution would be possible

_from the 3.8&km base-line- - — . ________

The ultimate usefulness of this method is
unknown, but it appears that it may be adapted
to the study of a number of important atmos-
pheric problems. Such problems are the occur-
rence with height of water-vapor, turbulence,
winds, dust, fluorescence, and absorption. One
of the most interesting problems of meteorological
importance is the study of the distribution of
ozone in the atmosphere. Since ozone has a strong
absorption-band from about 2500A to 33004,
it would be possible to compare the scattering
from this region with that above 3400A. This
can be done by the use of two receivers using a
sodium and potassium oxide cell, respectively.
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“The measurements of light scattered by the upper
atmosphere from a search-light beam, 1939, JOSA
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Earliest Pulsed Lidar with wo Laser

La Météorologie, July/September, 1946

AN

cloud ra wgivpgib y light puLseé
'ALTIMETRIE DES NUAGES PAR IMPULSIONS
LUMINEUSES®: =577 o - e ot

e foe Directeur.du Laboraloire
5 National de Radioélectricité.

St T

11 est important de mesurer d’une maniére n‘iph‘le,et préeise la hauteur des nuages aussi bién
le jour que la nuit. Le systdme déerit ei-aprés est basé sur la mesure du temps de parcours d’une
bréve et p P 1
Un premier appareil eoncu en 1938 a fonctionné en 1940 jusqu’au mois de juin. Un séeond appareil
a été construit en 1945. L’auteur donne les principaux résultats et un eertain nombre d’exemples..
11 signale ensuite les possibles de ee = 2l

1. — INTRODUCTION : Sl W02T e

La mesure précise, rapide et fréquente de la hauteur des nuages est.
depuis longtemps réalisée par I’emploi d’un projecteur lumineux A faisceau
vertical et par la mesure de I’angle de site sous lequel on voit a distance
la tache formée par le faisceau sur les nuages. Malheureusement ce pro-

cédé n’est applicable que dans I'obscurité. C’est pourquoi nous avons ima-

giné dés 1934 d’en étendre ’application aux heures de jour en utilisant de

la lumiére modulée. Des expériences entreprises avec des moyens de fortune

en janvier 1935 avaient prouvé qu’une. solution était possible dans cette
veie (). Les expériences durent étre mises au ralenti jusqu’en décembre
1938. A cette époque nous avons proposé et provoqué des recherches sur
une autre méthode basée sur la mesure du temps de parcours d’une impul-
- sion lumineuse transmise verticalement & partir du sol et renvoyée par les
nuages vers le sol. Des expériences étaient rendues possibles par I’existence
" d’un matériel de mesure des échos fournis par une impulsion lumineuse,
_matériel établi dans d’autres buts. René Barthélemy a fait récemment
I’historique de ces expériences (°). Dés le mois de février 1940 un appareil
fut mis en fonctionnement régulier & proximité de Paris et des. mesures a
heures fixes de la hauteur des nuages furent utilisées quotidiennement par
I’Office National Météorologique jusqu’aux premiers jours de juin de la
~iméme année. Les expériences furenf, brutalement interrompues, le matériel
et la documentation dispersés, et c’est seulement en décembre 1944 que
nous entreprimes la’ reconstitution des appareils. ’

(%) Communication présentée & la Société Météorologique de France, lo 18 juin 1946

(%) C’est ce procédé qui a,six annéesplus tard, été employéet mis au point aux Etat s—
Unis. <

(%) C. R., 222, 1946, p. 450.

dirigée vers le nuage et renvoyée par lui comme un écho.

Uit meiiiin

L

1I. — PRINCIPE DE L’APPAREIL

" 293

o i % ) -
ALTIMETRIE DES NUAGES PAR IMPULSIONS LUMINEUSES

Au foyer d’un :miroir‘ parabolique M d’axe vertical (fig. 1y se trouve

un éclateur constitué par deux tiges de tungsténe, avec un dispositif de -

réglage- de 1’écartement. Une troisiéme électrode destinée a l’amo.rgage,
est reliée & un transformateur ‘élévateur de grand rapport dont le Prlmglre )
peut, a V'aide de linterrupteur I, étre fermé sur une source de tension con-

_-venable.

Les deux électrodes principales sont reliées aux bornes'd’ure batterie G

" de condensateurs de 32 pF de capacité totale, chargée & I’aide d"\m systéme

Fig. 1.

d’alimentation U, a partir du secteur” alternatif, & une tension de 6.000

Tolts. Lorsquon ferme interrupteur I, ’étincelle pilote qui jaillit entre

I’électrode d’amorcage et une électrode principale, déclenche la décharge

de 14 batterie C dans I’éclateur. Par la diminution de{_la longue.ur des connec-
tions et par une disposition symétrique, on rédU{t la selftmductlon aux
bornes de G de maniére & avoir une décharge aussi peu oscillante et aussi
bréve que possible. ) ) > g ) )
On obtient donc ainsi au foyer de M une impulsion lumineuse tf'es
intense d’une durée de I'ordre de 10 microsecondes, la puissance mise en jeu

étant del'ordre de 40 mégawatts. Le pinceaus ‘
A (] =

vertical donné par le miroir produit une tache
WWWWWWWWWWW

lumineuse sur le nuage a télémétrer. La Iurn"\ére
diffusée regue par. un second miroir parabolique
M/, placé & une trentaine de métres. de M, es‘r:
concentrée sur une cellule photo-électrique placeé - Fig:2 -
en son foyer. Le courant donné par la cellule

est appliqué & 'amplificateur A dont la sortie attaque les plaques de,

déviation verticale d’un oscillographe cat}?odique O D’.a\'xtre part, 1,1e,tm'
celle de départ, agissant par I’intermédiaire Qu dispositif B sur,l agtire
systéme de plaques, déclenche le balayage _honzontal &.iu spot c}e l qscll :i)-
graphe, Par un réglage préliminaire conven:}ble des circuits, 'origine de

JLRC, lToulouse, 22-Zb June 2UUY

Robert Bureauw
René Ba r‘chéLema

Work started in 1934,
stopped in 1940



2. Elastic Backscatter Lidar
started wn the 60’s

1980 - till now



Pulsed Dye Laser tn the 70’s

axes
< focaux

REFLECTEUR
MONO-ELLIPTIQUE

FLASH CAPILLAIR

c=2pF ’;L

I 772

R= i ECLATEUR
4 0,5 MQ (electrode de

commande
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Lidayr Atmospheric AppLLcatLows at oHP

Echos obtenus les 28._29_50 Juillet 1975

28.07.75
e = ———Ne K=
1h 16
e 29.07.75 S
= 5 Na K 5
=== = Lors dune : ==
== : averse de = S
= = météorites 5 e
e a2 2 =E SRS e
Oh28 1h04
30.07.75 === :

Fra. 140. Mechanical details of a Fabry-Perot etalon, showing spacer ring, adjusting
screws, and springs.

Na K

1

PHF 15 CLRC, Toulouse, 22-26 June 2009 10
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Lidar Atmospherio AppLLcatlo WS
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Looking for an Alrcraft, desperately

AGENDA
FOR
ER-2 LIDAR MEETING
NASA LANGLEY RESEARCH CENTER

BUILDING 1250, ROOM 119
JANUARY 24-25, 1983

JANUARY 24, 1983

GENERAL:
8:30 - 8:40 a.m. WELCOME AND INTRODUCTICN E. V. BROWELL
8:40 - 8:45 NASA HEADQUARTERS WELCOME R. ARNOLD
ADVANCED ER-2 LIDAR FOR
ERORCAEE NETRORDLOGICAL SHODTES 8:45 - 9:00 NASA LANGLEY WELCOME J. LAWRENCE
7 9:00 - 9:15 OPENING REMARKS FROM FRENCH FRENCH TEAM
9:15 - 9:25 MEETING OBJECTIVES E. BROWELL

CURRENT LIDAR ACTIVITIES:

9:25 - 10:00 OVERVIEW OF AIRBORNE DIAL E. BROWELL
AND SHUTTLE LIDAR ACTIVITIES

10:00 - 10:30 BREAK

10:30 - 11:00 FRENCH DIAL ACTIVITIES G. MEGIE

SCIENCE FOR ER-2 LIDAR:

11:00 - 11:20 ER-2 DIAL SCIENCE OBJECTIVES E. BROWELL
11:20 - 11:30 " G. MEGIE
11:30 - 12:00 DISCUSSION OF SCIENCE ALL

12:00 - 1:00 p.m. LUNCH

FIBEROPTIC  »ON AOFF a o [Time]
BASE
| | e
#*%4{app DET.

S S I P e ER LIDAR INSTRUMENT:
) || S e
[ S = 1:00 - 1:10 ORGANIZATION OF NASA ER-2 M. HALL
I | DIAL TEAM
ro e en i 1:10 - 2:00 CONCEPT FOR ER-2 DIAL SYSTEM M. HALL
od g8l | 2:00 - 2:30 ER-2 DIAL INTEGRATION AND SAFETY 8. AVERILL
Lnden I :

ouTPUT

TUNABLE LASER RECEIVER SIGNAL PROCESSOR CONTROL
{ &

DATA
T “_
TROPOSPHERE

Fig. 1. LASE System Block Diagram

As shown in Figure 1, LASE is divided into four main parts: Tunable Laser

Subsystem (TLS), Receiver Subsystem (RCS), Signal Processor Subsystem (SPS) and 1 5 CLRC, TOU|OUSG, 22-26 June 2009 12
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1984 at the New Lidar Station at OHP
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1986&: Fremch Alrborne Lidar Program

Fenétres de visée vers
le haut et vers le bas
du Lidar LEANDRE

Mesures radiactives vers le

haut et vers le bas

I Pyranométres visibles et IR
Photometres UV

Perche instrumentée (5m)
Pressions statique et différentielle
Xiteslse de l'air u,v,w

ccélérations x.y,z e
Températures (r¥aule etbasse Cour onne de fixation (8 points)
fréquence, Intra-nuageuse) Prise d'air pour physicochimie
Humidité (haute et basse fréqy e J f
eau liquide nuageuse)

Points de fixation sous chaque aile
a : h 4 v

Granulom ptoélectronig {xxur pou
précipitations et aérosols (ASASP particules nuageuses et précipitantes
G &l i imageurs

pour particules de glace

&

oy
o

37.0 36.8 36.6 36.4
LATITUDE (dearees)
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NASA on Atmospheric Ludar tn Space

NASA SP-433

LASA

Atmospheric Lidar ; Lidar Atmospheric Sounder and Altimeter
Research Program

0
R
OCesses

Final Report of Atmospheric Lidar Working Group

NS/ sctonat neronautcs and space Adminsiation

1979

FIRST MEAS. 1's LASER (Tunable*) MEAS. SPECIES
GND Based 1970 2 Ruby Aerosols/Molecular
48 in. (694 nm, 347 nm) Backscatter, Water Vapor
Aircraft 1978 3 Ruby, YAG, YAG/Dye Aerosols/Water Vapor/
Electra/990 (1060, 720*, 694, 600*, Ozone
530, 347, 300* nm)
LASE/ER-2 1988 3 Alexandrite (720%) Water Vapor/Aerosols
LITE/Shuttle 1988 YAG Aerosols/Density/T
(1060, 530, 355 nm)
LASA/Eos 1994 23 — Aerosols/Clouds/Altimetry

Density/Water Vapor/T
Figure 76. NASA lidar atmospheric measurements evolution.

PHF 15 CLRC, Toulouse, 22-26 June 2009 15
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1994: NASA LITE mission Ln space

d frfw’ng * target recognition
ts * wind shear and turbulence’
* European systems * solid-state and COy laser components

~ppical phased Brays S pplotiRiens LITE Orbit 34 - September 12, 1994

uT 0: 6 0:10 0:14 0:17 0:20 0:23 0:26
30

25

20

Altitude, km
—
o

Green Scattering Ratio -1

LAT 50.0
LON 8.3

[93]
@
—
£
oo
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2006: CALIPSO L A-Traln

PARASOL CALIPSO
1:33 1:31:15

CLOUDSAT |
1:31

15 CLRC, Toulouse, 22-26 June 2009
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ESA own the road of Lidar tn space

esa @sa SP-1108

Proceedings of an
ESA Workshop on

..

g /x Backscatter Lidar
Laser '

Sounding The potential of a space-borne lidar for

operational meteorology, climatology

from ™ and environmental research

pue suoneol|ddy Jose aoedg

3
S P LAT f Report of the ATLID’ Consultancy Group

(1v1dS) ABojouyos |

Les Diablerets, Switzerland
25 - 30 March 1984

— european space agency
— agence spatiale européenne

1984 1989 ATUID Ln BEarthCARE, a joint
venture between ESA and JAXA

as ESA =ro Earth Explorer Mission

to be launch tn 2013-2015

PHF 15 CLRC, Toulouse, 22-26 June 2009 18
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2. WIND lLidar

1981 - till now

15 CLRC, Toulouse, 22-26 June 2009
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WINDSA

Meeting with Milt HUFFA

WENT OF ¢,

"W

s,

NOAA Technical Memorandum ERL WPL-63

NOAA Technical Memorandum ERL WPL-37

0 Dg
o

R
Stares of ™

. n
/LIDAR LMD
v | GLOBAL WIND MEASURING SATELLITE SYSTEM - WINDSAT
| LioaR LM | FEASTBILITY STUDY OF SATELLITE-BORNE
Fi T
LIDAR GLOBAL WIND MONITORING SYSTEM xoiilcﬁi‘iiaic #NATIRAC00127
FEASIBILITY STUDY OF SATELLITE-BORNE PART II
LIDAR GLOBAL WIND MONITORING SYSTEM
R. M. Huffaker
T. R. Lawrence
R. M. Huffaker, Editor R. J. Keeler Prepared for:
2 M. J. Post
X J. T. Priestley S. Department of Commerce
J. A. Korrell tional Oceanic and Atmospheric Administration
{ wironmental Research Laboratori
Wave Propagation Laboratory
Wave Propagation Laboratory Boulder, Colorado
Boulder, Colorado QPLLELI8L
September 1978

Wave Propagation Laboratory
Boulder, Colorado
August 1980

NATIONAL OCEANIC AND Environmental noaa NATIONAL OCEANIC AND Envionmental Research
NOAA Jche Moumsmanon /  fesaen soneces ACSRG ADMNSTRATON i

Envaonmental Research
Laboratories

4 ' |
Transmitter laser The shuttle, the oz Laser and great expectations

ON oRBIT
== I . i | OPERATIONS,
The only promising technology identified for generating the high-power > EXPERIMENT
. . : - CTION
transmitted laser pulse employs a hybrid tramsversely excited atmospheric pot

SEQUENCING
(TEA) laser design. Figure 11.2 shows the construction of this type of laser !

& CONTROL \
consisting of a low-pressure discharge cell and a TEA cell within the same

cavity. The low-pressure cell operates CW and can be used for long:

ENTRY/LAND
frequency stabilization by, for example, semsing its power output and adj

INSTRUMENT POINTING SYSTEM (IPS)

h 1
I
! 1 PAYLOAD
1 E
\ 1 =
1 - 4 o 1 n; P2T | g
| y =] h /@ OPTICAL SENSOR UNIT ARG
! JEA 1 PAYLOAD \ .
1 . e \ ATTACHMENT VL
| "\[GRATING | FLANGE INTERCONNECT STATION (3 OF) TRACKING
N = — STATION UNLOAD
\ I PAYLOAD INTEGRATION RING PREPARE WINDSAT
{T RAU (3 OF) FOR SHIPPING
1 ! _— EXPERIMENT RAU (3 OF WINDSAT SHEATIONAL msSION
1 OUTER GIMBAL STRUTS PERFORMANCE | 114 NDBOOK s
1 | JTER G _ANALYSIS TEAM SUPPOK
I

_ GYRO
ELECTRONICS

Do —— CROSS ELEVATION

DRIVE

EXCITATION DIRECTION: NORMAL TO TUBE AXIS IN £

Fig. 3-116 WINDSAT Launch, On-Orbit OPS, Landing

PLANE OF PAPER. 4
TEAJCELL GAS FLOW DIRECTION: NORMAL TO BOTH TUBE AXIS C””:::w} R
AND PLANE OF PAPER ik SL nown é Véro é bCV\' trovato

e

YOKE

PCA ACTUATOR
ELEVATION DRIVE

GIMBAL SUPPORT
STRUCTURE

N
PALLET PEARSON DEVICE

AZIMUTH DRIVE
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1981-1982 at JPL: Pulsed co, Lidar
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1982: Target work for calibration

TN
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1987: NAIL at NCAR
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1987 beginning of co, Lidar for wind at LMD
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PHF

New technologties !

PhD work for thesis
Articles in peer review journals

15 CLRC, Toulouse, 22-26 June 2009
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1999: Mesoscale Alpine Program

- The Transportable Wind Lidar in the Rhine valley,
for the study of Foehn circulation

- Mono-static scanning Doppler Lidar

- CO, transmitter & heterodyne detection

Thanks to Alain Dabas
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The Franco-german WIND aitrborne Lidar

__ Inner
frame

_ _ Aircraft
frame

_ Shock
~mounts

Scanner |
frame

Scanner—f§=—_-F | TE laser Seat

The a

! P \ i s
rtisan and the master plece
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1999 at DLR: WIND 1 flight

]
waiting for the good, and then the MAP
field campaigwn the same year, ...
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2006: WIND Ln. AMMA

African Monsoon

FF(m/s) - WIND - 30 June 2006 DD - WIND - 30 June 2006
T | |n‘
i Tl
‘}I ‘ 0‘.
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DD - ECMWF Analysis - 30 June 2006 12:00UTC
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25
Latitude (degh Latitude (degh
The clue and beauty of a lidar probing the wind field in the depth of atmosphere
Thanks to Alain Dabas
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NASA ow the Road of WIND Lidar tn Space

NASA-NOAA Working Group L
on Space Based Lidar wind
Led bg wyman BAKER =y
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1989: BEST study by CNES

BEST

b : Four fixed
pointing directions

Tropical System Energy Budget "

| Scientific objectives
¢ and preliminary definitio
. of asatellite mission -
dedicated to GEWEX
| and GLOBALCHANGE

P Height resolution
S 1 km

Sampling volume

Wind lidar

o still CO2 laser transmitter &
heterodyne detection

* 4 fixed LOS
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ESA on the road of WIND Lidar tn space

Pt Foans, 4

esa SP-1112

ATMOSPHERIC
LASER
DOPPLER
INSTRUMENT

Fig. 4.4. Schematic view of the ADM-
Aeolus measurement geometry.

REPORTS FOR MISSION SELECTION
THE FOUR CANDIDATE EARTH EXPLORER CORE MISSIONS

Direction to Sun

Velocity direction

Altitude
400 km

where ¥ (m s") is the wind velocity along the line-of-sight, A is the wavelength
Schematic view of the and Af is the frequency Doppler shift. At 355 nm, a 1 m s lin ght wind

backscatter spectrum of scattering from velocity results in a Doppler shift of 5.64 MHz. However, because the horizontal
the air molecules (Rayleigh scattering wind in the measurement direction is projected onto the line-of-sight, a 1 ms
e ~ broad blue curve), and from acrosoland  horizontal wind corresponds to a Doppler shift of only 3.39 MHz. With an

cloud particles (Mic-scattering — narrow emitted frequency of 845 THz (corresponding to 355 nm), the detection of a

; blue peak), as compared with the outgoing I m s horizontal wind translates into a resolving power of 2.5 x 10° — thus very
= european space laser pulse (red spike). good spectrometers and a good to-noise ratio are mandatory to meet the

- 4 G2 measurement requirements. Acolus relies on pulse averaging to achieve the good

; signal-to-noise ratio.

— The receiver samples the signal sequentially in order to determine its arrival
1 ! ! ! Mz time and hence the distance to the scattering atmospheric layer. For each layer.

1~9 2‘9 Laser Puise | | Mie Signal the spectral distribution of the return signal is analysed through a high-resolution

. 30 MHz <90 MHz spectrometer. Direct detection is used to measure the requiring low-

European Space Agency

noise (quasi photon-counting) detectors, which are available for the selected
olet wavele

Agence spatiale evropéenne

Intensity

Rayleigh Signal |

ignal spectrum i the sum of a wide-bandwidth

3340 MHz g ar scattering (about 3340 MHz FWHM (full width
at half maximum) in the upper troposphere row-bandwidth Mie signal
e ‘ due to aerosol scattering (less than 90 MHz typically)

Atwmospheric DYyna mic Misston (ADM-Aeolus) *
2nd Earth Explorer Mission for a lawnch in 2011
HSR Rayleigh-Mie backscatter Lidar at 355 nwm with direct detection
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4. New story about greenhouse
gases and atmospheric CO,

starting Ln 2003
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Since 2003 : CO,

climate Lssues
Global warming
ng oto protocoL
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2005/08: call for ideas | CO, Total column content of dry
2006/05: selection for phase “0” mixing ratio (XCO,)

_ s Canopy
) 1- Min L t...
009/01: UCM in Lisbon, bu Cloud & Aerosol layers




Internal WShop on CO,, Lidar Remote Sensing
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A new Frontier

Go “Mars” or somewhere else

Lidar Measurements of Martian Clouds
Sol 099

£
S
@
o
3
-
=
<

2.0- -
04:23 04:37 04:52 05:07 05:21
Local Time on Mars
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To make a Long story short about Space Lidar

a few
SteP 1 7@ f S‘te‘P 2-A
ng:wu:timss S Heaven 111
., L Wit
. Great expectations Step 2

Hard work (-SLSHPVIMS myth)

-; MAJORITY

Step =2-B
Bitterness and frustration

"The Tartar Steppe” sgndrome

A novel by Dino Buzzatti

A pan-Buropean group of officers,
stationed at an outpost as
they awatt tn vain an
enemy that may not even
extst. And on the D day
whew a dust cloud appears at
horizon their time Ls over
and they leave the citadel for
ever ...

s i
k i
2 e -
X
- ¥-
B

Please ... lLet me draw a Lidar
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PHF

BY way of Conclusion

“In business, you don't

getwhat you deserve,

you get what you negotiate.”

Karass

But, what about space research business ?

15 CLRC, Toulouse, 22-26 June 2009
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Happy Present and Bright Future

« CALIPSO (NASA/CNES) since 2006
 ADM-Aeolus (ESA) for a launch in 2011

« Earth-CARE (JAXA/ESA) for a launch in 2013-2015
« ICE-Sat Il (NASA)

« A-SCOPE / ASCEND. What about a C-Train ?
« ACE (in 2 or 3 steps)

PHF 15 CLRC, Toulouse, 22-26 June 2009
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'Pos’cscriptum

A world without a Lidar! it's the most curious thing [ ever saw in all my Life!

(W 2005, at the 12 CLRC tn
Kamagura, )apan | am postng
for a pieture with my favorite
“Lidar Star” who sent wme on the
road of wind Lidar!

n memoriam Gérard Mégie

who sent me on the road of Lidar for the best of it
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