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Introduction
ELISE(Experimental Lidar In Space Equipment) is a two-wavelength spaceborne backscatter lidar and

will be loaded onto the Mission Demonstration test Satellite 2 (MDS-2) which will be flown into sun-
synchronous orbit (altitude: 550km) in 2002.

ELISE is designed for both engineering scientific purposes. For engineering purposes, ELISE will
establish the key technologies such as a Laser Diode (LD)-pumped high-power laser and a high-efficiency

detector (i.e. Silicon Avalanche Photo Diode (Si-APD)), which are required for future spaceborne lidars.
For scientific purposes, ELISE will observe the global distributions of clouds (especially cirrus) and

aerosols, and obtain information about multi-layered cloud structures. ELISE is expected to observe and
obtain these data over course of year. These observations are expected not only to demonstrate the

capabilities of spaceborne lidar but also to be incorporated into future design.

The instrument
ELISE is a typical backscatter lidar system and is designed to make measurements of cirrus, aerosols and

the atmospheric density with a signal to noise ratio over 10. A preliminary configuration of ELISE and a

schematic diagram of ELISE are shown in Figs. 1 and 2. The main system parameters of ELISE are shown
in Table 1. This instrument consists of seven major components: a laser transmitter, a transmission optics, a
telescope, receiver optics and detectors, a signal processor, a thermal controller (including a radiator panel),

and a power supply. The laser transmitter is a LD-pumped Q-switched Nd:YLF laser with KTP, and
simultaneously produces output energy of 84 mJ (1053 nm) and 10 mJ (527 nm). The pulse repetition

frequency is 100 Hz and the beam divergence is 0.17 mrad. ELISE has an alignment adjuster in the

transmission optics in order to correct misalignment between the laser transmitter and the receiver. It has a
Cassegrain telescope with the an 1 m primary mirror and about an 18 cm secondary mirror, each of which is

made of Beryllium. The field of view is 0.22 mrad. A received backscattered light from targets is led to the
receiver optics and separated by the dichroic mirror into two colors. A fundamental wavelength

backscattered light is separated into 9-to-l ratio by a beamsplitter and detected by two Si-APD detectors.
One of the detectors operates in analog mode and the other operates in photon-counting mode. The analog

Si-APD detector uses 90% of the received 1053 nm light for measuring clouds, and the photon counting

mode Si-APD detector uses the rest of received 1053 nm light for measuring aerosols. A second harmonics
is only detected by the photon-counting mode Si-APD detector. A schematic diagram of receiver optics of

ELISE is shown in Fig.3.
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Fig. 1 Preliminary configuration of ELISE
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Fig. 2 ELISE system function diagram
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Table 1 ELISE system parameters
Ite m s A n alo g d etec tio n P h o to n C o u n ting d e te ctio n

F u n d am e n tal F u n d am en t al S H G

P erfo rm an c e

V e rtica l reso lu tio n 1 0 0 m (6 6 7 n se c)

H orizo n tal 1 .4 km (In t. 2 0 ) 1 .4 k m (In t. 2 0 )
re so lu tio n 4 .2 km (In t. 6 0 ) 2 1 k m (In t.3 0 0 )

S N R > 10

T ran sm itter

L aser L D p u m p ed Q -sw itch e d N d :Y L F laser + K T P

W a v el en g th 1 0 5 3 .2 n m 5 2 6 .6 n m

O u tp u t e n erg y 8 4 m J 1 0 m J

P R F 1 0 0 p p s

B eam d iv erg e n ce 0 .1 7 m ra d

T ran sm issio n
O p tic s O p t. T ran sm issio n 9 0 %

R e ceiv er

T ele sc o p e d iam eter l m

F ie ld o f v iew 0 .2 2 m ra d

F ilte r b an d w idth 0 .3 n m 4 n m

O p t. T ran sm issio n 4 0 % 6 .5 % 6 0 %

Q ua n tu m effi c ien c y 3 1 .5 %

D et. P ro b a b ility Î ^ ^ H I 1 .2 5 % 3 4 %

D y n am ic ran g e 5 0 .6 d B 5 M co u n ts/se c

M ass 2 5 0 k g

P o w er 3 90 W (m ax im u m )

channel 3 channel 2
527nm 1053nm

Detector (PC) Detector(PC)

bandpass c
filter

527nm
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Fig. 3 Schematic diagram of receiver optics of ELISE

The operation mode of ELISE
ELISE has 6 operation modes in orbit: the observation modes 1, 2, and 3, the alignment mode, the stand-

by mode and the safety mode. The safety mode is only used when an emergency occurs such as under

voltage of a satellite bus and the alignment mode is only used when laser transmitter and receiver are
misaligned. The number of data integration times can be changed in each observation modes. The details of
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each mode are shown in Table 2. Basically we are going to operate ELISE in observation mode la in
dayside of earth and in observation mode 3d in nightside of earth. The example of a daily operation plan is
shown in Fig. 4.

Table 2 Operation mode ofELISE
ch l ch2 ch3

heater
1053 nm (A N ) 1053 nm (P C ) 527 nm (P C )

observation m ode la O N (Int. 2 0 ) O F F O F F O N

observation m ode lb O N (Int. 60 ) O F F O F F O N

observation m ode 2 a O F F O N (Int. 20 ) O N (Int. 20 ) O N
observation m ode 2b O F F O N (Int. 300 ) O N (Int. 300 ) O N

observation m ode 3a O N (Int. 20 ) O N (Int. 20 ) O N (Int. 20 ) O N
observation m ode 3b O N (Int. 20 ) O N O nt. 300 ) O N (Int. 300 ) O N
observation m ode 3c O N (Int. 60 ) O N (Int. 2 0 ) O N (Int. 20 ) O N
observation m ode 3d O N (Int. 60 ) O N (Int. 300 ) O N (Int. 3 00 ) O N

alignm ent m ode O F F O F F O N O N

stand-b y m ode O F F O F F O F F O N

safety m ode O F F O F F O F F surv ival heater

(Int. 20) means that data is integrated 20 times.
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Fig. 4 An example of a daily operation plan

Current status and schedule

In 1997 we began the preliminary design of ELISE and in March 1999 we started the detail design. The
laser transmitter and the high-efficiency detector have been produced experimentally and will be finished by

November of this year. The development of the flight model, which is called the Demonstration Model

(DM) of ELISE will be finished by 2001. After the integration and test of MDS-2, ELISE will be launched
in2002.
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