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Abstrast. The European Space Agency is carrying out a development programme for spaceborne
lidars, which are candidate instruments for forthcomlng Earth Erplorer satellite missions for
remote sensing of the Earth. Mission analyses and scientilic studies have been carried out and
developments of crilical lldar technologies have been performed. The paper reports about the
ATLID and Al-AOlN development programs and gives an overvienr of the other lechnology
studies.

1. Introductiort

The attraction of spscebome lidars for discipllnes such as meteorofogy, ctimatology and
environmental sciences is widely recognised (1). Such instruments offer the potential for high-
accuracy rinQe-r8Solved rnegsurements of alrnospheric parameter:s with global coverage
The European Space Agency (ESA) has for some years supported a programme for satellite-
borne lidar instruments which has included both mission and scientific studies and technology
developments. In the process of defining the next.ESA research rnissions for Earth
observation, a backscatter lidar has been pmposed as part of an Earth Radiation mission and a
Doppler wind lidar has been proposed as the key-instrument of an Atmospheric Dynamics
mission (21. In addition, ESA is supporting developments of advanced technologies for
Differential Absorption Lidar (DIAL) and Doppler wind lidar.

2, ATLTD: the spaceborne Atmospheric'Liclar

The front-runner of ESA lidar developments is a backscatter lidar based on all solid-state laser
technology called ATLIO (ATmospheric LlDar) (3). ATLID is designed prirnarlly to provide
satellite measurements of cloud top height in day- and night-tlme conditions, In addition ATLID
will be capable of measuring the heights of cloud bottoms for thin clouds and the extent of the
Planetary Boundary Layer (PBL) and of aerosol banks. These atmospheric features cen be
measured up to 20 km height with a range resolution of 50 m and a height restitution aocuracy
0f t 100 rn (3 o), ln orderto provide 3-D mapping of atmospheric features, ATLID telescope is
linearly scanned transversely to the direction of the spacecmft velocity, The scan angle of *
23.50 at an orbit height of E00 km results in a swath wldth on the ground of Z0o fm, witfr a
footprint of 140 m diameter, and operating at 100 pgs, the instrument can obtain more than 100
rneasurements within a 100 x 100 km' area. ATLID layout is shown in Fig. 1,

Fig.1:ATL|O instrument layout; transmiureceived beam paths are shown.
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The present design of the instrument was tailored to the accommodation on ENVISAT remote-
sensing satellite, in view of a potential future ENVISAT re,flight. A non-scanning design of
ATLID is presently proposed for the Earth Radiation mission, for which a different spacecraft
concept is foreseen. The elimination of the scanning is mostly diaated by the need of
exploiting at best the synergy between ATLID and the clouct radar, which is part of the basic
Instrument package of the satellite,
The transmilter laser for ATLID is a dlode-pumped Q-sritched Nd:YAG laser operating at 1.064
Frn wavelength, which emits laser pulses of 100 ffiJ energy and 20 ns duration at 100 klz pulse
repetition frequency, The laser emits a near-TEMm beam of good spatial quality (M'=1*1,5)
and pulse-lo-pulse stablllty (2oh) and shows an electrical-to-optical efficiency of 8.5%. The laser
diode power supply provides the high cunent pulses and shows an efficiency up lo 74o/o, Heat
removal from the laser head is provided by a capillary-pumpecl two-phase loop that is coupfed
to a radiator mounted on the anti'sun face of the satellite.
The lag-angle effect due to the scanning is compensated by a mechanism in the transmitter
chain. The backscattered radiation is collected by a 60 cm lightweight Cassegrain telescope,
which has an estimated mass of 10 kg. The primary mirror is realised in C-S|C, coated with a
SiC vapour-deposited layer, and has a non-hygroscopic CFRP slructure.
The telescope is mounted on a one-axis scanning mechanism, suspended between two liquid-
lubricated bearings, designed to a lifetime of 1.8 10' cydes. The scanning-lnduced torque is
compsnsated by a fly.wheel and satellite inaccuracies in attitude restitution are compensated
by a fine star-sensor.
Focal plane optics direct the incoming photons to the deteclion chain via an ultra.nanow
bandwldth filter for background reJection. The selected filter is a Fabry-Perot Interferometer,
which transmits up to 63 % of the retum signal within a bandwiclth of 0.21 nrn. A Lyot filter has
been also investigated but resulted less robust and more critical in meeting the accuracy and
stability requirements.
The detestion module is basecl on a silicon APD, D0-coupled to a lor-noise trans'lmpedance
amplifier , integrated on the same hybrid circuit. To perform the twin roles of cloud top height
and aerosol density measurement, the retum signal is pre-processed in parallel by a peak
cletection chaln and a radiometrio chain,
The estimated rnass and power consumption of ATLID are 240 kg and 450 W, respectlvely.
Breadboarding of key-units, including the laser heaO and its power supply, the telescope, th.e
scanning mechanism, the detection chain front-end, the thermal control system end the filters
for background radiation rejection are being canied out by s wide industrial consortium (3), led
by Matra Marconl Space (France). A novel algorithm for signal retrieval under low SNR
conditions has been also evaluated (4). ThE technology effort shall be completed in the next
future by the integration of the key subsystems (transmltter, receiver, pointing mechanism and
telescope).

3. ALADIN: the European spaceborne Doppler wind Lidar

The second corner.stone instrument of ESA lidar programme is AIADIN (Atmospheric l-Aser
Doppler instrument), a coherent Doppler wind lidar airned at rneasuring winds In the
troposphere and lower stratosphere on a global scale. To take advantage of early flight
opportunities, a Doppler wind lidar concept based ofl COz laser technology is considered the
most appropriate, due to its present higher technological maturity.
The instrument has been configured t0 measure radial wind speed profiles in clear air, lts
accuracy ranges from 1 m/s in the PBL to 5 m/s at 15 km height, with a measurement
reliability of 95%. The instrument line-of-sight scans a swath width of 800 km from an orbitaf
height of about 500 ltm, sampling a grid of observatlon cells of 200 x 200 km dimension. Step
scannirrg of the telescope line-of-$ght to a fixed number of positions allo,vs increased SNR
through shot-averaging, and also eliminates the need for lag-angle compensation which is
associated with conicsl scanning.

Two parallel industrial studies for ALADIN t5,6,7) have been performed in to define instrument
concepts. A single-rnode CO2 laser source of 10-15 J pulse energy, based on pulse-sustain€f
discharge technique, was selected as the most appropriate. Coupled to this, a telescope
aperture of 50 to 70 cm is needed, The proposed stepscanning concept can be implemented
either by means of a sleerable mirror in front of the telescope(6) or by switcfring the line.of.
sight among lelescope sub-elements in ths focal plane(7), as it has been proposed by the two
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parallel Pre-phase-A studies. The receiving chain is based on a heterodyne detection scheme,
and advanced frequency estimation algorithrns basect on adaptive filters for retrieving the wind
veloclty have been proposed (8). AI-ADIN mass is of the order of 500 kg and power
consumption about 1.5 kW. Accommodation on a dedicated satellite flying in a helio.
synchronous dawn-dusk orbit or, glternatively, on the Intemational Space Statlon has been
evaluated for a research/dernonstration mission. The present baseline for the Atmospheric
Dynamics mission foresees the accommodation of At {DlN on the International Space Station.
A skelch of the AUDIN instrument concepts generated by the two parallel studies is shown in
Fig.2

Fig.2: AI-ADIN instrument concepts. Steerable mirror scanning (left) and shared primary tetescope step-
scannlng (right)

Enabling key-technologies for AI-ADIN are being breadboarded. A CO2 single-mode taser
transmitter, based on eledron-beam sustained discharge, has de_livered 11.3 J per pulse in S
Fs at 10 Hz rate. Lifetime has been demonstrated to exceed 6.107 putses on a single eHended
seeled run (9). The pulser-sustainer technique has been also investlgated and shows promise
of efficient all-solid-stata excitation {10}, Support studies on signal processing aspects have
been also carried out, conflrming the validity of accumulation techniques with adaptive
frequency estimation afgorithms. A high-energy pulser-sustainer laser transmitter and an
heterodyne receiver operating at 10 Frn arc proposed for forthcoming technology
demonstration.

4, Lidar technology developments.

Developments looklng'towards the longer term are focused upon a proJect for a combined
DlAUDoppler wind lidar that operates at 2 pn wavelength. The objeclives are the range-
resolved m€asurernent of water vapour concentration In the lower troposphere to an accurecy
of better than 100,6 and high accuracy wind measurements in the planetary boundary layer (2
rn/s). The core of the instrument concept consists of an all-solid.state Trn,Ho:YAG transrnitter
laser ernitting I Joule energy and a coherent receiver. Design of the O-switched injecled-
seeded master oscillator is cunently undenray. Experiments on phase-conjugate beam
conection mirrors at 2 pm have dernonstrated reflection efficiencies greater than 607o usirrg
stirnulated Brillouin scaltering in SnCh (111. Towards development of the receiver,
measurernents of heterodyne mixing efficiency at 2 pm have recently been undertaken, and
breadboarding of the detectlon chain is currently undenruay.
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Additionally, a wind rneasuring lidar based on incoherent deteclion ?nd operating in the ultra-
violet is afso being investigated in two parallel studies. The attraction of Incoherent lidar as
compared to coherent lidar is that the alignment tolerances ere somewhat more relaxed. Two
receiver concepts are under investigation. One concept is based upon Mle retums and consists
of a Fizeau interferometer combined with a light-intensified CCD, The second raceiver concept
measures wincls from Rayleigh returns using a dual edge technique interferometer (12). Since
the reflection from the blocking filter for the Mie receiver may be used by the Rayleigh receiver,
wind moasurements at hlgh altitude based on Raylelgh retums and at low altitucte basecl on Mie
returns rnay be obtained sirnultaneously. The accuracy profile vs. height resulting frorn such a
cornbined detection technique is shown in fig,3,

Flg.3: Velocity accuracy measur€mentg vs. altitude employing either Mle and/or Rayleigh returns at 355
nm

5. Conclusions

The European Space Agency aims at the deployment of a satellite-based lidar system in the
next decade, ATLID, a backscatter lidar and Al-ADlN, a coherent Doppler wind lidsr are the
focus of this development programme. In parallel, new enabling technologies and other
instrument concepts are investigated, In visil of future missions after yeers 2010.
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Backscatter l idar for Eart lr  Racl iat ion Mission

Tlte Backscatter Liclar for t l re Eart lr  radiat iolr rnission wil l  evolve from t lre
tecl tnology developtt te l t t  l ) togratrr  o[  ATLID (ATrnospher ic LlDar) ,  the European
Backscatter l idar.

-I l te l leed ft l r  exlt loi t i l rg at best t l re synergy Lretweelr t l re cloud radar and the l idar
cal ls for  a t ton-scal t t ted i r rstrunrelr t ,  wl tose l i l re-of-s ig l r t  carr  be dlways kept
al igrred [o t lre cloud-radar bore-siglrt .  Tlre loss of the swath coverage is
acceptable wi t l t i r t  t l re object ives of  t l re [ :a l t l t  l ladiat iorr  Mission.

Systerrr  advarr tages o[  a non-scanrrecl  solut ion are
- lnass reduct io l r  (z\rrr  -  45 kg)

-  1 l r i r r re powel ' requirentetr t  reduct icr l r  (z\ l r -  00 W)
- i t rcreased corr  r ; ract t  tess arrd r  obush tess
- ; lossibi l i ty  of  usi l rg latger tefescol)e al)et ture (90 clr r ,  proposecl)
- cost recluctiolr

1 Al l  increase of  t l re let ;u i tetr terr ts for  t l r i l r  c loud detect io l r  is  a lso foreseen (r  = 0.1)

ATLID: t lre European Backscatter l idar

ATLID - tlte Europealr backscatter lidar - was the first l idar being developed by
ESA, due to its advatttageous balarrce between system complexity, technology
nraturi ty arrd scielrt i f ic returrr.

Frolt t  r19921tlre ptesef t t  ATLID clevelol lrrrerrt  pltase was init iated, aiming at an
iltstrutttent desigtr colttl latible witlr tlre acconrrnodation on ENVISAT.
Front i1994 p wide progranltne of developrnerrt of cr i t ical technologies is running,
with t lre aitn of delnotrstrat i trg t lre key-ulr i ts of ATLID instrument.

ATLID scielrt i [ ic obiectives:
- Thick clouds top heiglrt ,
-  Tlt i rr  clouds [op arrd bottolrr heiglrt ,
-  Cirrus optical deptlr alrd depolarisation
- Planetary Bourrdary Layer tolr heiglrt  and optical depi lr

Present ATLID colrcepl rrrost ly ful l i ls observatiorr requirernents of ERM
backscatter l idqr. [ :urt l ter assesstttelt t  of ATLID technofogy shal l  be carr iecl out
within the Phase-A study of t l re Earth Radiat ion mission.

-302-



ESA Earth Explorer Missions
- i l te nexl  ESA's researclrsatel l i te i r r i t ier t ive fo l 'Eart l r  Rerrrote Serrs ing is based
on a set ' ies of  r r i r re nr issiorrs,  i l re Ear th Explorer Missiol ts.

' i l te t t t iss i r . r t ts l rave beerr  evaluated by t l re scietr t i f ic  conrnurt i ty and four of  thern
Irave beett J)rol)osetJ alrcl  selected for a Plrase-A study, possibly to run in 1997-
199t] .  "

' l 'he foul  Eal t l r  l :x l r lorer Missions carrdidate for  ear ly i rnplet t tentat ion are:
-  Gravi ty Fielc l  arrd Steat ly-state Ocearr  Circulat io l r
-  Atrnospher ic Dylrarr  r ics
-  Eal  t l t  Radiat iotr
-  Land-Sutface l ) r 'c lcesses arrd l l r te lact iorrs

- l -wo of  i l tenr errrbarrk ars el  conrer-storre i r rstrLrnrerr t  a spaceborne l idar:
-  Eatth l ladiat iorr :  l lackscatter l idar '
-  Atnrospl tet ic Dytrarrr ics:  Dolr ; r ler  wi l rd l idar

ESA Eart l r  Radiat iorr  Mission

l 'he Eart lr  Radiat iorr Mission irrterrds to l l rovide a picture of the 3-D spatial and
ternporal structure o[ radiat ive trarrsfer irr  [ l re Eart lr 's atmosphere and to
cluanti fy t l re irnltact of ckruds arrd aerosol f ields on radiat ion balance.

l :or  t l re space segtrrerr [  u[  [ l re Eart l r  l ladiat iorr  t r r iss ion the fol lowing i l ts t ruments
Irave been prcl l losed :

- a Broadbarrd Radiorrreter (Bl l lR)

-  a Vis ib le/ l r r f rared Cloud l r t tager (Cl)

-  a Cloud Prot i l ing Radar (CPR)

- a Backscatter Liclar (BL)
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ATLID REQUIREMENTS
ORBIT Inclination

Type
Altitude

Polar 98'
Helio-synchronous
800 km

SCAN GEOMETRY - Full Swath witlth
- Scan anqle

700 km (along-track)
+ 23.5"

SAMPLING REQS. Observation rarrge
Footprint diameter
I leiglrt  rest i tut ion acc.
Vert ical resolut iorr (nadir)
Shot spacing
Shot locatiorr accuracy'

0<h<20km
100 m< d < 500 m
100 m
50m
<50km
t 2000 m (3o)

MISSION REQS. -Operatiorr nrode
- Lifetirne

Day/night continuous
3 years

Feature l{eag,!v_PgHor.cel l  size SNR2
Cloud top single-shotr 20x20km 4 (3)
PBL averaged 100 x 100 km 6
Cirrus depol .
Cinus r

averag_e,Q,_
averaged

1oo ilooTmz 6 (3)
100 x '  100 kmz 20 (3) .

I only for cunrulus /cumulonirnbus cloutJs - Altostratus, arrtl cirus everaged)-  Requiremenls for  ERM: Shot local ion accuracy,  35 x 35 krn cel l  s ize,  SNR i l r  brackels

ATLID INSTRUMENT LAYOUT

\-

- - :
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ATLID PREDICTED PERFORMANCE-1

OVERALL INSTRUMENT

I tt terface pararneters :
* Mass: 240 kg (< 200 required) - ' l 'o be leduced wit lr  better accornrnoclat iorr (anti-sun face)
* Power consuflrpt ion: 443 W BOL/ 498 W EOL (<500 W required)
. Data rate: 1.06 Mbps (2.26 Mbps for two ctrairrs)
*  Volutne envelope: 1.6 x 1.35 x 1.1 rn3 (racl iator l rot  i r rc ludecl)

'Al Nadir: t3l rn(Aerosols),+79/-25 rrr(Clouris).Al swalh edge:r79rrr(A).+97/- l03rn(C)

ATLID PREDICTED

Poi nti ng perforrna nce :

-  S/C Point ing error:  <18 tr t radr(14 req.)
-  S/C Point ing rate:< 12 l r rad/s (18 req.)

Opt ical  perfonnance:

- Optical eff iciency (Tx/Rx):0.4
- Internal FOV: 640 ltrad
(600 with present BB results)

PERFORMANCE-z

Radiometric performance :

Geoln etric perforf na lrce :
Pararneter

Scan pattern:

I  l t

Averaged shot SNR (250 Km) Sru, ,1 r ' .1

I sut q,e" 
l

| | Plt"s" 2 baseline 
I

I  l l rearlboarrt resrrtrs 
I

(; ()

5(t

. to

:1 0

2( l

I  t )

0 i r lhl
Er E g
;o Z 9>

d s 
E^

r*rrill
i :  E t= E( t  <

(J

Due lo SAR Arrtenna overshoot in lhe pal tern of  Envisal  d is l t , rbances
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ATLID TEAM Ati.q.-
22 Conrpanies and Inst i tut ions

f rom Mglrr t  & Overal l  instr .  MATRAMAR' 'N.spACE
g ESA nrember states desiglr  at td etrgi l teer ing

Tx chain et tg ineer ing Rx chai l r  et tg i l teer ing Opto-mech'chain eng'

cF.qA .r 
' -  --  - '  ' r  

MMS-1: (F) & DASA Dor rr ier (D) MMS-F (F)& DASA Dornier(D)
- -L ' : ' : . \9-  -  -

BREADBOARDS

l laser head DetecLiort  c l ta i t t  1 Telescope :
, cI--qA-1D with Quarrtel(F), M14S_:!-_ (l) witlr EG&G (Carr), Carl Zeiss Jena with CZO' ,

I e l iosn te), Norsk Eo (N) iFu (rur t DASA, PTS, MAN & Jenoptik (D) '

I  Laser diode power supl l ly  Detect iorr  c l ra i r r  l l  Scan mechanism :
' DASA-Dornier (D) AJq 1B1 ant1 EG&G (Carr) ORS (A) with Oerlikon Contraves ,
a-

'  Laser head tlrernral ctrl. Fabry-Perot f i l ter - and Laben (l) and wr (Fin)' 
i

,MNI-S-II(-(UK) with NLR arrd 4 91-tDl antJ l-ecoptics (UK) ''Bradrord Ens (NL) 
ffiAlf Jilli.,r, Je,ra (rD) i

:  Coat i r tgs :
. DASA (tl-) & JertoPtik (D) '
t -  

-  -  

_ 
-  '  

. |

ATLID LASER HEAD
Transrni t ter c l rain
lnc luded 2 laser heads, LPS, Q-switch el . ,  BSO, Bealn exp.

Laser head clraracteristics
- Diode-pumped Q-switched Nd:YAG operatittg at 1064 nm
- Operat ion wi th 100 mJ pulses at  100 Hz (PRF adjustable in 90 +110 Hz range)
- Side-pumped slab (Bstacks,T bars each; 84 ntJ/bar)
- Tigzag path in the slab for thernral lensiltg contpensation
- Folded unstable resonator wi t l t  super-gaussian output coupler.

Laser l read BB rnai t r  perfonl lance
'-  Pulse Energy:  97 t  1 mJ
- Pulse Energy stabi l i ty .  < 5o/o (15 s)
-  Laser l inewidth < 0.1 tut t  ( t  0.01 nt t t )
-  Pulse durat ion:  20 ns
- Polar izat ion:  L inear (50:1)
-  Mode structure:  Near-TEMuo (M' = 1.5),  ntul t i -mocle longi tudinal
-  Beam dimension' .  2.9 x 4.2 mtr t  (Near- f ie ld)

-306-



Trarrs l r r i t ter :

ATLID INSTRUMENT CONCEPT
- Diot le-lrulrr;rerl ,  Q-switclred Nd:YAG laser,
- Power-t-rsci l latclr laser, 100 rrrJ/ l tulse @ 100 t- lz, L=1.064 1rm.

Receiver: - l :a[.rry-Perot l : i l ter ' r '  Avalarrclre l) lrotodiode detectiorr chain.
- 2 cottcelrts stutJied: tralrs- irrr;rerrdarrce alrrpl i f ier and resetable irrtegrator.

Scatut i t tg cot tcept.  -  Otre-axis s i l rusr-r i r la l  scarr l r i r rg te lescope ( t23.5 ' )
-  Cott t ta- totat i t rg f lywlreel  to corrr l lerrsate lor  induced torques.

Telesco;re: - 0.6 rn at lrerture, afocal Cassegrairr telescope
- Liglr tweiglr t  l r r i r r rary rrr i r ror  (SiC-coated C-SiC)

' .  Refocusi i tg rrrechalt isrn ( irr tennediate focus) rreeded I
Al igtr t t ter t t  /  poirr l . i t tg:-  Lag-arrgle corrr ; . rerrsated by dedicated mechanism on laser boresight

-  l : ine star serrsor [or  assist i l rg laser LOS rest i tut ion.

Tl tenlralcorr t ro l :  -Capi l lary-prurrr ; ledtwo-phaseloop.
- J.wo ratJiators, one foldable (based olr Envisat accommodation)
- l : ixed i l tettrral baff le aroulrd [elescope cavity (t ight thermal control)

Cal ibrat io l r :  -  Without ext la l ra l tJware: backgroulrd radionretr ic cal ibrat ion.  Laser LOS
attt l  l {x/ l 'x LO[i te-al igrrrnetr[  ,  receiver defocus compensation, against
I t -xrg te l r r r  l r r isal ig l r r r rerr I  ef fects

LASER DIODE

LPS PERFORMANCE

- Pulse power: 2 x 5 kW peak
-  Pulse vol tage.59 V

- Pulse current:2 x 85 A

- [ ]u lse c lurat ion:200 t  20 l rs (at l j t rs la l l le)

-  Pulse stabi l i ty :2 1ts
-  PRF:100 l - lz

- Overall efficiency'.74% (73'l,r re(.)

--l 'entperature test range'.-20" + +50 "C

- EMC test :  conrpl iant  in al l  nrodes

POWER SUPPLY

LPS BLOCK DIAGRAM
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LASER HEAD
LHTC BB CHARACTERISTICS
- Capi l lary-purnped two-plrase loop (N113)

-  Evaporat ing cold platel  s i r r tered Ni wick

- Reservoir :  l iquid level  cornpensat ion

- RacJiat ing surface (2 x 1 .22(h)x1.0( l )  r r r2)

LHTC BB PERFORMANCE
- T i r r ter face stabi l i ty :  0.7"C over therrrral  cycle

simulat ing orbi ta l  condi t ions

- Capi l lary pumping demorrstrated at  1 g.

-  Heat loads. 147 + 332 W (operat iorral)

-  Evaporator/reservoir  st i f l r ress:  200 l lz  (1st  f req.)

-  Radiators st i f f r ress:  100 l - lz  arrd 84 l1z (1st  f recls.)

THERMAL CONTROL

Condensing
Fbdirlo. A

BLOCK DIAGRAM

Condsnsing
Radir ld g

DETECTION CHAIN I
DETECTION CHAIN BB CHARACTERISTICS

-  S|-APD and TIA i r r tegrated on a hybr id
-  Temperature stabi l izat ion wi th TEC (25"C)

- DC-coupled ampl i f ier  and of fset  correct iorr
-  Peak detect ion chain:  h igh-speed for precise

t iming of  c loud-top/ l r igh-energy s ignals
-  Radiornetr ic chain:  low-rroise,  capabi l i ty  of

reconstruct ing c loud prof i le ( f i l ter ing/sarnpl ing).

-  Programmbble gain in radiornetr ic chairr  fo l
test  a i rns (0.75 * 15)

-  Fi l ter  cutof f  f requency arrd ADC sarrr ; r l ing
frequency var iable for  perforntal tce eva luat ion

- Poterr t ia l  for  space qual i f icat iorr

LHTC BLOCK DIAGRAM

Eveporal ing cgld
rlrnntonia

| ,  Uqud l inr:

| / cordcBed

| / amrnonit

v___:r::_
--rTira-:---11-

mffi

h
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DETECTION CHAIN I  -  BB PERFORMANCE

'  Rnr l iot t re l r ic  chairr  SNR @ | .5 Ml lz crr l - r r l f  Bessel  Fi l ter  -  
r [ .eak 

r le lecl i r r r r  t l ra in @ 500 pW sigrral

FILTER BREADBOARDS

Cri t ical  area: long-term stabi l i ty  of  f i l ter  performaltce (center 1. ,  t ra l rsmission, bandwidth)

Tl te Fabry-Perot  f i l ter  has been selected as basel ine due to i ts moJe compact and robus ,

PARAMETERS REQUIREMENTS PERFORMANCE
5 + 2000 pW OK------ 

--o. i :??oPlnt OK
>3 MHz- I r  

2---
(goal:1_.5)_____

>9

4 MHz
'1.57

13.1
(goal:10_L

325 rrs/95% 0+325 ns/99% (Nadir)

l!" ov91 llt,i$ __ < 1.2"/o
O.3 % (1 hour

PARAMETERS REQUIREMENTS FABRY-PEROT LYOT-SOLC
9e_flq1ryey4englh 1064.15 (STP) _ 1064.49(vacuum) 1064.49(vacuum)
Spectral  Bandwidth 0.2 rrnr (FWIJM) 0.21 nm 0 19nm
Peak transmission > 0.5 9q@ q€q {q57 after test)
Qgnter wavelength s 1!V <t0.01 nrn (0+40"C) No temp.stab.neededTemp.stab. r0.1 K
Equivalent blocking bandwidtlr 0.28 nm (0.3+1.21rm) 0.35 nm 0.33 nm
Effective aperture 30 nrm OK OK
FOV . r5 3 mrad OK OK
WFE <1,/10 rnrs @1 .06 rrnt oKf OKf,

t  
Margirral  due lo non-opl i rnurn quakl ly of  b lockirrg l i l ler
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TELESCOPE BREADBOARD
TELESCOPE BB CIIARACTEI]ISTICS -TELESCOPE LAYOUT
- Cassegrairr telescope
- Clear aperture 000 rrrrrr
-  C-SiC pr i rnary nr i r ror
-  CVD coated 100 rrnr SiC
- Non-lrygroscol.r ic CFRt, barrel
-  Zerodur 85.9 tnrrr  secolrdary rrr i l lur
-  Foldirrg tn i r ror  45'

TELESCOPE PEITFORMANC E
- Pledicted total  opt ical  t rarrsrrr . :  0.B87
- Predicted equiv.  focal  lerrgt f t :  5G57.7 nrrrr
-  f lequired opt ical  tqual i ty:  deo'1;=450 ;r l r r
-  Rougl tness: < l0 nln nl ls (2rrrrr ,  seurr ; r le lest)
-  Pr inrary ln i r ror  ntass:  5.7 l tg
-  ' le lescol)e nrass.  < I  kg

Pol is l t i t tg of  SiC-coatet l  santples Ol(
BB (M1+lSM) to be uorrr ; r letet l  (4/9/)

SCAN MECI{ANISM BREADBOARD
SCAN MECI-IANISM BB CI.IARACTERISTICS

Tlte scan rnecharrisrn BB is corrrposed by:
-  Durtut ty te lesco;re (15 kg, 1 rrrrrr  CoG eccerr t r ic i ty)
-  Contra-rotat i r rg f lywlreel  (9 kg)
-  - l -orque t t totors:  2-plrase redurr tJant wirrdirrgs (2.6 Nrn)
-  Et tcoder:  21-bi t  resolut iorr
- Telescope altd f lywlreel bal l  beal ' i rrgs: pre-loatJed - lubricated (Fomblirt  225)
-  Cott t ro l ler :  based orr  32-bi t  DSP AD-21020
- Support structure

SCAN MECHANISM BB TEST

-  Eaclr  part  tested, asserrrbly i r r tegratecl
-  Off- l i r re beat i t rgs l i fe- test  (9 rnorr t l rs,  Ta,rrr , ,  10 5 rrrbar)

;\
r ' , \ '  ' "  , .  , '

1' ' \ ' , '
\  

- '7[  
L:

\ r / . ;

\  \v/  ; , ir  /  i ,' ' ' r ' ' l '  
/  / /

l /

l/
\ \ \,\'

-jrj\

-310-



SCAN MECHANISM BREADBOARD LAYOUT
rJ0

I

_l
1
I
I

*i,,,. 
[j

---t- l-

ATLID: The Next Future
EARTH RADIATION MISSION:
- Phase-A Study of the mission should start mid '97 (duration 2 years)
- The ERM Backscatter Lidar shall be designed during Phase-A Study.

ATLID TECHNOLOGY PROGRAM :
- A second stage of ATLID technology development has been approved in the frame
of GSTP-2 program

- Objective: validation of the technology and the internal interface of the three main
subsystems:
* IMNSMITTER CHAIN
* RECEIVER CHAIN
* POINTING/SCANNING ASSEMBLY
* TELESCOPE/OPTICAL SUB-SYSTEM
- Available breadboards will be refurbished and reused
- New items will be built and the chains assembled integrated and tested.
- Duration 2 years: 1997-1999

ONE STEP AHEAD:
Upon approval of the tnission, a FM of ATLID could be developed to meet the faunch
date of the first Earth Explorer satellite (2003).
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ESA Atmospher ic Dynamics Mission

The Atmospheric dynamics mission aims at providing the users with observation
of t r i -d imensional  wind f ie lds in c lear air  (above or in absence of  th ick
clouds).

The importance of this mission resides in the major deficiency of wind data in the
current meteorological operational observing networks. The assimilat ion of
such data into NWP models would lead to a an improvement of in objective
analyses and hence in NWP.

The Atmospher ic dynamics mission would also provide data for  c l imatological
research for the quanti f icat ion of cl imate variabi l i ty, val idation and improvements
of cl imate models and process studies relevant to the cl imate change.

The key-instrument for the Atmospheric Dynamics mission is a Doppler wind
l idar, ALADIN (Atmospheric LAser Doppler Instrument).
ALADIN is a COz coherent DWL and is presently considered for accommodation
on the lnternational Space Station.

Wind data accuracv comparable with the current radio-sonde network: 2-3 ms'l up to l-i km altirude
Dara reliabil iry of 95%,
lv{easurement distribution equalto that of current assimilation modelsrid size: 50 | 50 r I km

Instrument Concept

The main instrument rvithin the .\tmtrpheric Drnamics \{ission is : cchcren CL]:-lrser based Dccpier
\\ ' in..i Liciar uith the tbllorvins clraracreristics:

Nlission Concept

Per l t tad po\! ei consumotion

Planbrm;

Transminer Laser Energl'
Pulse Repetition Rate
Burst-Period to Off-Period Ratio
Spectral Width
Lifetime
Telescope Diameter
Line of  Sight

Instru ment Perfo rmance

S I kW-3n
ERS-1pe at altitude of -3C k':r
c.r intenalional Spac: Siaiirrn .riche at altitucie 3-10 - 160 km

l - ;  Joules
8 pps (mar)
0.2_i
750 kHz
3 years (2* l0E shots)
80 cm
2 step-scanned lines of sight. at 30" to Nadir

l i00 rel iahle l ine of  s ioht  wind orof i les wi th in l2 hours

rnt?rgatronal  Workshop on Spaceoorne Lrclars 1996 -  Technorogy ano appl icatrons -  na^one Oe.-  :5 ln- ,Ei-  '39a
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GOz Laser coherent DWL technology

The BB of the e-beam sustained COz laser, operating at l, =9.25 pm has
reached a high level of engineering and it has demonstrated outstanding
performance and a good reliability:
-  Pulse energy: 11 J,  s ingle mode
- Pulse length: 5 ps
- PRF: 1 Hz
- Efficiency : 8.5% discharge-optical; 5% overall
- Lifetime 6.5 10' pulses demonstrated
- Beam quality: 2 x diffraction limit demonstrated
- Low dissociation

A laboratory breadboard of a spiker-sustainer COz laser has been realised and
tested, with promising results (the source is in principle scalable up to 10 J):
- 6.5 J multimode in 1 ps pulse; 5 J in 7 ps
- Efficiency: 11o/o
- Novel pulser-sustainer discharge circuit: only 10% of sustainer energy is

passing through the pulse transformer
- Aff solid-state pulser option (magnetic circuit, no thyratron): 2.5 J in 3 ps.
- Dissociation rate better than self-sustained source.

inrernatrcnat vr /orkshop on Spaceoorne Ljdars 1996 -  Tecnnolcgy ano appl lcal lor ls - :^  - ; -= --)  -

Combined DIAL/DWL with solid-state laser technology
Obj ectives

An instruntent capable of corrrhined rvind and rvater-vapour monitoring t iom space rvould provide
valuable i r r tornrat ion on the global  energ),budget concernine evaporat ion- t ranport  and condensat iorr
processcs. An instrument u' i th the potential tbr such nreasurenrents is a coherent DIVL/DIAL opcrating
at a u'avelcngth of - 2 prn. Torvards this goal, ESA has been investigating potential instruntent
concepts nnd developing the required basic technologies.

Instnr men t  Req uirentents

Orbit Internat ional  Spacc .Stat ion (orbi t  i r rc l inat ion 51")

Horizorr ta l  d istr ibut ion:  Cluster s ize 35 * 35 knr
Cel l  s ize 200 * 200 krn
Srvath width > 600 knr

o Vert ical  d istr ibut ion

o DIAL

. DWL

Resolut ion of 500 rn rvithin planetary boundary layer

l0olo accuracy

I l ine of sight per measurement cluster
2ms-l accuracy with >80% reliability ,. ro rr..^)

)^:-J- ' . '^^.1". ' ,  
' .1 ' " :  ' i : : ' : '  -^1 \ ia- ;  : - .

-313-

W?,?"-?



Gombined DIAL/DWL with solld-state laser technology
Instrument Overvierv

.  - l ' runsrnit tcr Lasers:

.  Scanning

. Porver requirenrent

.  Overal l  Mass

Dual lnject ion-seeded Q-srvitched TmHo:YAG, I Joule each
Across track scanlr ing (constant Doppler shif t)
t .7 kw
655 kg

Tec h nology Developmen t

\ \ 'hi lst nuln\ sub-systcnrs are dcrnarrding in a cornbincd colrcrcrrt  DIAL/D\\ 'L. technolcrgy' dcvclt)pnlcnts urc
preserrt lv tbcussed on t lre DWL receiver and transnrit ter lnser.

Recent ly Completed Act iv i t ies

. RIN of 2 prn local osci l lator laser negl ible beyond l0 MHz (belorv -170 dBnr/Hz)

.  l rr f lue nce of receiver optics al ignrnent on heterodyne eft iciency at 2 ; .rm

. Plrase con jugate ref lect ivi ty at 2 pm of 60Yo in SnClr f lor pulse energy of 50 nrJ

Ongoing Act iv i t ies

.  Noise tests on InGaAsP photodiode and preanrpl i f ier

. Plrase-noise measurements of diode-pumped2 micron laser
i Development of inject ion seeded 70 mJ, diode-pumped TmHo:YAG laser

W?:.?
tnternai lonal  U/orksnop on Soaceoorne Lroars , l996 

-  TechncrogT rr ' to appucJ( lcrrs - : ; - i  - i  -+ i

UV Incoherent Doppler Wind Lidar
O bj ectives

ESA is currently funding two paral lel studies to prepare the receiver technology for an al l-sol id-state
space-borne Dqpd-eltyxd-lidgr operating in the ultra-violet (355 nm). This technology' is seen by' the
Agenc,"" as potential ly suitable for a second generation instrunrent. An attract ion of operatine at 355 nnr
is t l rat accurate nleasurements can be achieved in condit ions of high aerosol backscatter wlr i lst usefir l .
t l touglr lorver accuri lc\ ' .  measurements can be achieved in condit ions of minintal aerosol backscatter.

lo

o 2 i t  6 A lO 12 la 16 lA 20 22 21 2

Random W'nd Velocity Accuracy (ms-l)

lnstrument Concept

Energv
Pulse Repetit ion Rate
Telescope Diameter
Shot cluster area
Swath Width
Orbit Heighr
Horizontal Cell Resolution
Vertical Proti le Resolution

I  Joule (355 rrrr t )
20 pps
lnr
35 km + 35 krn
600 knt
520 knr
200 krn
I knt

$N*'.2 esa
V este'
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UV Incoherent Doppler Wind Lidar
Status

Ovcral l  i rrstrutnertt  cortcepts, pararttetr ic analyses and breadboard designs lrave beett corttplcted arrd thc
two [eanrs are currentlv undertakine breadboard construction.

Receivers Undergoing Breadboarding

l lecciver A

. l ]ackscattcr  Sourcc Mic Scattcr ing
o lrrterl 'crorrtctcr ' l ' ) 'pc Fizeau
. Mcasurenrerrt Principle Resolut iort ol 'Spectra
o Detector Micro-charrnel plate and CCD arra1,

Rcceiver B

. Backscatter Source Raleigh Scattering
o Intcrleronreter Type Fabry-Perot

'  .  Measurenrent Principle Double-edge
o Detector 2 measurenrent PMTs and locking PMT

NNW$esa
=- ' .==a' l : : : :  i :sea'= '  ?:----- - .  a.  ,=- . - :  \ l - : r : , j !1 ,  - - :  \ ,9.^9, .2- t !  V 
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