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l. Abstract
The MDS(Mission Demonstration Satellite)-LIDAR is two wavelength backscatter lidar

developed by National Space Development Agency of Japan(NASDA). MDS-LIDAR is

planned to be launched in early 2001. The goals of the MDS-LIDAR are to demonstrate key

technologies for spaceborne applications and to get basic data of clouds and aerosols. This

demonstration will benefit the next spaceborne lidar on future earth observation satellite. This

paper shows the perforrnance of the MDS-LIDAR and the signal to noise ratio(SA{) is

calculated by using the system parameters of this instrument.

2. Introduction
The MDS-LIDAR will be launched by H-llA with Data RelayTest Satellite(DRTS) in early

2001. The MDS-LIDAR is expected to observe clouds, atmospheric density and aerosols for

one year. This instrument consists of 6 sub-systems, LASER Transmitter, Receiver, Signal

Processor, Thermal Controller, Power Supply and Structure. The appearance and the block

diagram and the main system parameters of this instrument are shown in Fig.l, Fig.2 and

Table l .

Bur Systcm

Fig.2 The schematic diagram of the MDS-LIDAR

(This figure shows main sub-systems and

components only.)

A/D
Convcrter

Signal
Procesrcr

Fig. I The appearance of the MDS-LIDAR
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Table l. Main System Parameters of the MDS-LIDAR(preliminary)

Transmitter

[aser

Wavelength [nm]

laser output Energy [mJ]

Pulse Repetition Rate [Hz]

Pulse Width [ns]

Receiver Optics

Primary Minor Diameter [m]

Detection Method

Filter Band width [nm]

Total Transmittance lVol

Detector

Quantum Efficienc y IVol

Resource

Weight [kg]

Power [W]

Size [mm] (xXyXz)

LD-pumped : Nd:YLF

(Neodymium Yttrium Lithium Fluoride)

I053(Fundamental) 527 (Second Harmonics)

90

100

40t t0

I

Analogue(AN)

4.4

Photon Counting(Pc)

0.3 (AN), IO(PC) l0

39(AN), 5.9(PC) 60

Si-APD(Silicon Avalanche Photo Diode)

36(AN), 1.5(PC) 39

about 210

250 (maximum)

1300x 1400x2055

Photon Counting(Pc)

3. Performance of main sub-systems

3.1 laser Transmitter

laser is LD-pumped, Q-switched Nd:YLF laser and the second harmonics is generated

by KTiOPO4(KTP). 60-Laser Diode(LD) is used for pumping. I-aser oscillator consists of

master oscillator only and produces 90mJ and 4.4mJ output energy at the wavelength of

1053 and 527nm respectively. The laser oscillator consumes l24W of power and most of

which is converted to waste heat from the LD and the laser rod. This heat is removed by

heat pipes to radiator panel. To avoid the misalignment of optical axis in the laser oscillator

by the vibration and the shock in the time of launch, the self-compensation resonator is

used. The beam divergence is 0.lSmrad, so footprint is 82.5m diameter. Energy density at

ground is under Maximum Permitted Exposure by JIS(Japan Industrial Standards). The

boresight misalignment can be corrected in the Adjuster by a couple of rotatable deflecting

prisms. Alignment Correcting range is +2mrad and resolution is 0.0lmrad.

3.2 Receiver

The telescope consists of I m primary mirror and secondary mirror. The field of view

(FOV) and F-number of the telescope is 0.l9mrad and 6. respectively. The material of each
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mirror is Beryllium. The support structure of secondary mirror is made of Titanium.

Received backscattered light is led to relay optics and separated by dichroic mirror into two

colors. The fundamental wavelength light is separated in 9 to I ratio by beamsplitter and

detected by two method, analogue and photon counting, respectively. Analogue detection

uses 907o of received 1053nm light. The second harmonics is detected by photon counting

only. For analogue detection, narrow bandwidth(0.3nm, FWFIM) interference filter is used.

On the other hand for photon counting detection, lOnm band width interference filter is

used. Si-APD is used for detectors. Quantum efficiency is 0.36 for analogue mode Si-APD.

For photon counting mode Si-APD, quantum efficiency is 0.39 and 0.02 at 527nm and

l053nm respectively.

4. S/t\ Simulation

4.1 S/N simulation of Analogue detection

Using the system parameters shown in above the SAI obtained by analogue detection is

calculated by following formula.

S/N=

a,t=2aZlc

Where

N. the number of backscattered photons from cimrs, aerosol and atmosphere

calculated by [idar equation

Nu the number of background noise

7 the quantum efficiency of Si-APD

F the noise excess number

r the wavelength of fundamental

c the velocity of light

aZ the vertical resolution of atmospheric layer

In this calculation, M, F, B, 
^2, 

NEP and n are 100, 2.5, l.SffHzl, 100[m],

0.013[pWHr'ol and 20, respectively. N5 is derived from the value of background reflected

solar radiation,0.lT[Wsr/m2/nm]. The vertical distribution of atmosphere and aerosol is

respectively based on U.S. Standard Atmosphere mode[(t) and EOS Report(2). Cimrs model

is based on Sasano and Kobayashi(3). Fig. 3 illustrates the calculated S/N obtained by

analogue detection. We find the peak value of SAI over 10.

4.2 SAI simulation of Photon Counting detection

The SAI obtained by photon counting detection is also calculated by following formula

using the system parameters shown in Table l.

.6-
B(N. /  at  + 2Nb /  

^t)F 
*  z[nnn 

#)"

n the number of laser shots

M the gain of Si-APD

B the band width of amplifier

h the Plank's constant

NEP Noise Equivalent Power
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S/N= 
N'  .J_

JN. + 2Na

where N, and n are the same as 4.1. Nu is the number of dark counts of the detector.

Because photon counting detection is operated only in nighttime the background noise is

not in this formula. In this calculation, Na and n are respectively, 250[counts per second]

and 2000. The vertical distribution model of cimrs, aerosol and atmosphere is also same as

4.1. Fig. 4 illustrates the calculated S/N obtained by photon counting detection.

4040

l f  ave I  ength= l053nm
(Analog Method)

:u

to-3 to-2 to-t too tor lo2
Signal  to Noise Rat io

Fig. 3 The calculated S/N (AN)

using this system parameters.

l lavelc 'ngth=527nm
(Photon Count ing Method)
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: \ :
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Signal  to Noise Rat io

Fig. 4 The calculated S/N (PC)

using this system parameters.
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5. Production of Demonstration Model

The MDS-LIDAR is developed in 2 steps, Basic Test Model(BTM) and Demonstration

Model(DM). BTM is produced and tested till March, 1998 to confirm the pararneter of DM.

DM is produced until the end of 1999.
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Fig. MDS - LIDAR Schematic Diagram
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Table 1. Performance of MDS-LIDAR (Prel iminary)

Fundamental fANl Fundamental tPCl Second Harmonics

Transmitter

Wavelencth lnml 1 053 527
Laser Power [mJl 90 4.4
Pulse Reoetition Rate loosl 40
Beam Diversence [mrad] 0.15

Reciver

Primarv Mirror Diameter lml 1
Field of View lmradl 0.19
Filter Bandwidth [nm] 0.3 10 10
Total transmittance t%l 39 5.4 60
Detector Tvpe Si-APD Si_APD Si-APD
Detectins method Analoeue Photon Contine Photon Contine
Detector Quantum Efficiencv [%] 36 2 39

Sienal Processor

Dieitizer Resolution [bits] 12 12 12
Maximum Count Rate [Mcps] 5 5
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Signal to Noise rat io (Photon'Count ing Detect ion)

N'

N,

N6

n

S/N=

Number

Number

Number

of backscatter photon

of Dark Counts

of Laser Shots

from target (c i r rus,  aerosol ,  atmosphere)

.6-

Signal to Noise rat io (Analogue Detect ion)

S/N =

2B(N./At+2Nu/At)F+ zB(NBP qr) '
\  hc /

N,

N6

B

n

,l

c

Number of backscatter photon from target

Number of  background photon

Baseband Ampl i f ier  bandwidth [Hz]

Number of  Laser Shot

Wave length [m]

Veloci ty of  l ight  [m/s]

:  Noise equivalent power [W/H t t ' ' f

rus,  aerosol ,  atmosphere)

Gate t ime [s]

Excess noise factor

Quantum Eff ic iency

Plank's coeff ic ient  [J '  s]

(c i r

At

F

,1

h

N./At

NEP
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Table Performance of LASBR Transmitter (Preliminary)

LASER LD Pumped Nd:YLF LASER + KTP

Wavelength Fundamental 1053 [n*]
Second Harmonics 527 [nm]

Output energ'y Fundamental 90 [mJ]
Second Harmonics 4.4 [mJ]

Pulse Repetetion 100 [pps]
Wavelength Stability + 0.1nm

Pulse Width 40+ 10 [ns] (FWHM)

Power Stabilitv 3 % per minute

Life

Heat Exchange Heat Pipe

-168-



Thermal Analysis ol'I-,D pump module 0N)( Steady State ) NIAS',A

nredSynrmetl' ical tenrpcrature clistri l lution is
in/around the Ncl:YLF ro(1.

Temperature cl isl l ' i l lutiolr of '  LI) punrp nroclule

Analysis concl i t i r ln
'  Heat dissipat ion o{ 'LI)

'  Heat cl issipation o['Ncl:YI-,F l 'orl

'  working {luir l  tenrltel 'alure

'  Heat t rans{el '  coe l [ ic ient ol ' l rcal  1l i ; le

84.4 W

30.4 W

10 "c

1450 Wm2K
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liquid

Heat Sink

Heat Pipe

( Cross section A-A' )

0))f$ffiPA

O-ring

Nd:YLF

Heat Sink

LD

Nd:YLF

Fig. Cross section of
LD pump module

LD
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Table. Performance of Al ignment Adjuster (Prel iminary)

Table Material Tradeoff of Lightweight Mirror

Optical  System A couple of  def lect ing pr isms with rotator

Posi t ioning Range * 2mrad

Posi t ioning Resolut ion = 0.01mrad

Posi t ioning Accuracy < t  0.01mrad

IVt  a ter ia ls Po l ish a b i l i  ty

Deformat ion

due to

Thernnl Change

S t  ren gth Rigidi ty Lightweight
Radiat ion

Resista nce

Actual

Resul ts
Total

Beryl l iu m A @ o 6l 6\ o o

SiC @ o o o o o A (J

ULE o o A A o o o o

Fused Si l ica o o A A A @ o A

Zerodur o o A A o A A

Performance of Telescope (Preliminary)
Type of Optical System Cassegrain

Effective Aperture Diameter 1000 [mm]

Field of View 0.19 [mrad]

Focal Length 6000 [mm]

Total Transmittance 81 l%ol

(including obscuration of
secondary mirror and spider)

Material of Primary Mirror Beryllium
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Detector (PC)

Bandpass f i l ter

527 nm Bandpass f i l ter

\

Pinhole Beam spl i t terDichroic
Cassegrain optics

Fig. Shematic Diagram of Relay Optics

Table Performance of Relay Optics (Preliminary)

(*) including Telescop€, Dichroic mirror,
Beamsplitter and Interference Filter

$N)l"{#,?PA

Detector (AN)1 053 nm

mirror

channel
#T
#2
#3

1053 nm AN
1053 nm PC
527 nm PC

Bandwidth of

Interference Filter

10 [nm] ( for PC )
0.3 [nm] ( for A]i )

Filter wavelength Shift 0.02[nm lK]

Total Transmittance (*)
#L 39 % for 1053 nm AN
#2 5.9 % for 1053 nm PC
#3 60 % for 527 nm PC
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Table Performance of AN Detector Module (Preliminary)

Detector Area Size 1.5 [mm] diameter

NEP
_I { l , /2

1.3 x 10 IWIHz l

Gain 100

Quantum Efficiency 36 [7ol

(Electrical) Band Width 1.5 [MHz]

able Pertormance of PC Detector module (Prelimina

Detector Area Size 0.5 mm diameter

Quantum Efficiency 39 Vo (at 527 nm)

1.5 Vo (at 1053 nm)

Maximum Count Rates 5 [Mcps]

Count Error ( at I [Mcps] )l0 Vo

Dark Count 254 [cps]
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DM Progress Schedule

o
T

LASER Transmitter

Boresight Adjuster

Reciever Optics

Detector Module

Signal Processor

Driver & Controller

LIDAR

Integration
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