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Introduct ion

NASDA has been invest igated l idar system for f ive years.  From the resul ts

of  th is invest igat ion,  we found the way to make the l idar demonstrat ion f l ight

model using the smal l  satel l i te.  Our currenb status is as fo l lows.

The feasibi t i ty  study of  space l idar system.was done in 1991. The tr ia l
product of  l00mJ high power laser osci l lator was done successful ly in L992.

The tr ia l  product of  30 and 20 cm I ight  weight mirror was done successful ly in

1993. The tr ia l  product of  laser detector using PMT(Photomult ip l ier  Tube)

and Si-APD(Avalanche Photo Diode) was done successful ly in 1994. The

airborne l idar system which is assembled from past t r ia l  products is being

integrated, and thermal l i fe test  of  h igh power osci . l lator is under going by our

contractor in th is year.

Now we are consider ing next step, and NASDA is planning the mie

scatter ing demonstrat ion f l ight  by the H-2 launch vehic le ear ly 200L. This

dernonstrat ion f l ight  wi l l  get  the great useful  data,  and i t  wi l l  show feature of

operat ionatr  l idar satel l i te.  Also NASDA would l ike to invest igate advanced

l idar system such as DIAL, al t imeter and Doppler LIDAR.

Feasibi l i ty  Study

In order to ident i fy what k ind of  l idar system is appropr iate for  NASDA to
pursue in the fo l lowing years,  a comparison with three di f ferent types of  l idar

was done.

( l )Al t imeter

High power laser is not required. However,  orbi ta l  determinat ion certainty

-78-



is  the most cr i t ical  pOint  to solve to acquire absolute al t i tude with high
precis ion

(2)Atmosphere observat ion l idar ,  :  I

High power laser is required, and the telescope should be larger (-  f -  I  )
than that of  a l t imeter.  However,  t 'he at t i tude error and orbi t  'determinat ion

uncertainty are no problem. So, i ts feasibi l i ty  is  h igh.

(3)Dif ferent ia l  absorpt ion l idar

Laser power and telescope size are about the same as at{nosphere
observat ion l idar.  Tuning mechanism to br ing the laser wavelength to water
vapor absorpt ion band is required and at  least  two laser beams are necessary.
They are under invest igat ion to real ize now.

In 1991 ,  design study was conducted for 2l ider systems, Mie-LIDAR.for

aerosol  observat ion,  and DIAL for water vapor measurement.

Mie-LIDAR was thought to be feasible as a spaceborne system with the
complet ion of  design study in 1991, the next logical  step was thought to be

exper imental  manufactur ing of  some key components.

Trial  products

In 1992, two systems constructed, one by NEC and another by MITSUBISHL

As was stated ear l ier ,  these systems are for  exper imental  manufactur ing of
space hardware, as wel l  as for  exper iment of  l idar observat ion f rom aircraf t .

By march 1993, laser parts were constructed.

YAG system used two Nd:YAG rods, each radial ly i l luminated b{.8 laser

diodes from 8 di f ferent angles.  YLF system used single c-axis-pul led Nd:YLF

rod pumped by laser diodes from l6 di f ferent angles.

The YAG system employed heat conduct ive metal  s leeve, whi le the YLF

system used ethylene glycol  water.as cool ing medium of rods.

Both system used Pockels cel l  as Q switch mechanism and KTP crystal  for

SHG.

By march 1994, the receiv ing mirror were constructed. Two sy.stems

constructed, one by MITSUBISHI and another by TOSHIBA.

By march 1995, the detectors were constructed. Opt ical  detector is key
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component for  the spaceborne. Especial ly,  Si-APD detector was improved on

concerning large scale act ive area( C =500 p m> and high countrate.

Test data of  both systems are summarized in Table l .

Table L Summary Measured Performance

Laser YAG system YLF svstem

Wavelensth 1064nm&532nm 1053nm&527nm

Output Power 104mJ(50H2) l09mJ(50H2)

P.R.F 2O- SOHz (Adiustable bv 5Hz)

OutnutStabi l i tvOverTime < 30o/o(45,000shots) < 10%(50,000shots)

Beam Spread Anele 0.5mrad 0.8mrad

Laser Output/LD Input 7% 7 - 8o/o

Te escope

Aperture 300mm d 200mm d

Primarv Mirror Mater ia l foamed quartz bervl l ium

Overal l  Transmit tance 32o/o(l064nm') 35%(l053nm)

Receiver Field of  View 0.5mrad ( 1.25mrad

Fi l ter  Bandwidth 2nm 0.8nm

Detec tor Si.APD PMT

Ph to nD e te ct io nProb abi l i ty

/Q uan tu mEff ic ie ncy

39%(532nm)

2o/o(7O64nm\

9o/o(527nm)

0.03%(1053nm)

System Design

Systern study of  spaceborne l idar is under going as the Mie.LIDAR with

consider ing current technology.

I t  wi l t  be real ized in the near future that  the space l idar (  wi th a mass of  less

than 250 Kg and electr ic power consumption of  less than 250 W) be used for

3.dimensinal  g lobal  mapping of  c louds and enhanced aerosol  layers.

The system parameters of  the Mie-LIDAR are shown in Table 2.
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Alt i tude 500Km
Waveleneth 10641532 or 1053/527 nm

Outnut Power TBD
Pulse Repet i t ion Frequencv r0- 100 pps(TBD)

Beam Spread Anele 0.32mrad.(TBD)

Effect ive Aperture TBD

Receiver Field of  View 0.32mrad.(TBD)

FiI ter  Bandwidth 0. lnm

Hor.Spat ia l  Resolut ion ( l .5Km

Ver.Spat ia l  Resolut ion ( 100m

Observat ion Range 0- 40Km

Table 2 System Paremeters of  Mie-LIDAR (Prel iminary)

Conclusion

Now YAG system is assembl ing the exist ing hardware to test  on the ground.

The purpose is to test  the funct ional i ty of  the hardware, for  example,  thermal

l i fe test  of  h igh power osi l lator.  Af ter  that ,  i t  wi l l  be fur ther ut i l ized to

complete the ground-based l idar.  YLF system is assembl ing for the airborne

l idar.

Spaceborne system wi l l  be planned in v is ib le future.  There is a lot  of  work,

both managerial  and technical .  We heed exper iments of  ground-based I idar and

that of  a i rborne l idar.

We would l ike to express our thanks to the advice of  many researchers f rom

inst i tutes and universi t ies.
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Conceptua I Study and Near
Future Plan of  Space LIDAR
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Remote Sens i  ng Techno I ogy Lab.
Off i ce of R&D, NASDA

Vision

r  Spaceborne LIDAR has potent ia l  to make
signi f  icant oontr  ibut ion to meteorological  and
cl  imatological  researches.

r  NASDA wi l l  contr ibute to some part  of  e lobal
, observat i  on system.
r NASDA wi l l  launch Mie Scatter ine LIDAR in 2001.

( demonstrat i  on sate I I  i  te )
r  NASDA wi |  |  research into DIAL, Al t imeter and

Doppler LIDAR.
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lmp Iementat ion Plan

I

I

STEP 1 System Study ( pre-phase A )
Invest igat ion of  Mie Scatter ing LIDAR.
ldent i f icat ion of  cr i t icar devices and
technologies.

STEP 2 System Analysis (  phase A )
-  Prel  iminary design and analysis.  lggl-
-  Tr ia l  products of  cr i t icar devices.  1gg2-g4
- Evaluat ion of  cr i t ical  device's

character ist ic.  1gg4_

lmp I on Plan(cont. )ementat i

I STEP 3 Airborne LIDAR Fl ieht  Test(
-  Assembly of  a i rborne LIDAR.
- Acquis i t ion of  f l  ight  test  data.
-  Analysis of  f l  ight  test  data.
-  Evaluat ion of  Avai  labi  I  i ty .

STEP 4 MS-LIDAR demonstrat ion satel
(  phase B )
-  NASDA is requir ing the budget.
-  Start  the MS-LIDAR development.

phase A )
1 995
1 996
1 996
1 996
I i te

1 995
1 996/04

T
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lmp I ementat i  on P I an (cont. )

r  STEP 5 System study of  operat ional  LIDAR
-  start  system study of  operat ional  spaceborne LIDAR.

r STEP 6 Launch i ng of MS-L I DAR sate I I i te
-  MS-LIDAR wi |  |  be launched in Feb. 2001.

r  STEP 1 Development of  0perat ional  LIDAR
-  Ms-LIDAR wi I  I  conduct operat ional  spaceborne LIDAR.

Cu r r ent Statu s (1 /2)

r  Tr ia l  Product of  cr i t ical  devices done in 1992-
94.
-  Diode Osci  I  lator 100mJ(Nd:YAG & Nd:YLF)
- Te I escope

)) 20cm (bery |  |  ium) , 30cm (foamed quartz)
- Detector

> Photomult ip l  ier  Tube(PMT)
)) S i  Ava lanche Photo D iode (S i-APD)

r Invest igat ion of  MS-LIDAR is under going.
(system parameters, we i  ght, E-power etc. )
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Cu r r ent Status (2/ 2)

r  Preparat  i  on of  ground observat i  on test  i  s  under
go i ng.

)NASDA wi I  I  start  the test  at  TKSC in Feb.
1 996.

r  Preparat  i  on of  a i  rborne observat i  on test  i  s
under go i  ng.

))  NASDA wi |  |  s tart  the test  in Aug. 1996.

LIDARTest P I  anA i rborne

r  Assembly of  a i rborne LIDAR is under going.

r  Preparat ion of  test  p lan is under going.
r  1st .  test  of  a i rborne LIDAR wi I  I  be done in 

'

Aug.-  Sep. 1996.
r  Znd. test  of  a i rborne LIDAR wi l l  be done in

Apr.-  May 1997.
r  Asembly of  a i rborne DIAL wi |  |  be done in 1997.
r  Airborne DIAL wi |  |  be tested in 1998.
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ioniguratDAR ConfAirborne Ll

Speci f icat A i rborneton for LIDAR

Target to measure aerosol ,  c loud
Spat ia l  Resolut ion 75m (vert i  ca l ) ,  1km (hor izonta |  )
Wave I  ength Nd:YLF l053nm
0utput Power l .  75mJ/pu I  se

eye-safe level  based on JIS standard
Pulse Repet i t ion Frequency ZQHz -  50Hz (adjustable by SHz)
Beam Spread Ang I  e 0.8mrad
Te I  escope Aperture 0.2n 6
Receiver Field of  View Angle 0. 8- l .  25mrad
Fi l ter  Eandwidth 0.8nm
Detector Photo Mult ip l ier  Tuoe
0uantum eff ic iency 0.03%
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LIDAR FOR AIRBORNE TEST

LIDAR FOR GROUND TEST
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MS-L I DAR Demonst r ati on Sate | | i te

r  MS-LIDAR is exper imental  Mie Scatter ing LIDAR.
r Ms-LIDAR is categor ized into demonstrat ion satel  I  i te.
r  MS-LIDAR is wai t ing the al locat ion of  1996's budget.
r  System study of  MS-LIDAR is under going now.
r Development of  MS-LIDAR wi I  I  start  in Apr.  1996.
r  MS-LIDAR wi l l  be launched by H-2 launch vehic le in Feb.

2001.
r  MS-LIDAR wi I  I  gain the useful  data in space.
r  MS-LIDAR wi I  I  conduct operat ional  spaceborne LrDARs.

MS-L I DAR Conf igurat  i  on

heat discharger porcr supply

thernal  control
heater le lerctry t  corrand

rayelength
pover roni ter

Q sr i tch dr iver

transni t t ing

Lelescope

electr ical

recciv ing

tc lescope
signal

9rocessor
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MS_L I DARSystem Parameter of
(  Prel iminary )

A l t  i tude 500km
lVave leneth toaq/ssz or lTTsJir l  nm0utput Powe r
Pulse Repet i t ion Fre l0 -100 pps (TBD)
Beam Spread Anele 0.32 mrad. (TBD
Effect ive Aperture
Receiver Field of  View 0.32 mrad. (TBD
Fi l ter  Bandwidth
Hor.  Spat ia l  Re'solutTon <1.5 KmVer.  Spat ia l  Res;1r. , t , r " < 100 m0bservat ion Range 0 40 Km

Candidates of  Satel  I  i te
Conf i gu r at i on for MS-L I DAR
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