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ミー散乱ライダ-信号における多重散乱効果の反復修正法
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Abstract.Backscatteredsignalreceivedbylidarsystemscontainsboths垣gleandmultiple

scatteringcomponents.Inordinarylidarinversiontechniquesぬ釦e画oy監ユe故orFemaldmethod,

only也.esinglescatteringeffectisconsidered.Thispaperpresentsaniterationprocedurefor

obtainingぬeex血C由oncoe銑cient倉om且idarsignal.取isme血od,whichisbasedon鹿single-

scatteringsolutionof也.elidarequation,descnbesぬemill'由pie-sea耽enngeffectbyintroducinga

m哩le-scatteringfactor.Theiterationisappliedtoexamine蝕emultiple-scatteringeffectsofhdar

signals倉0maerosolsandclouds.

Introduction

Whenlaserhghtencountersparticulatesin鮎pathboぬsingleandmultiplescatteringoccur.

Thebacksca放.ゥredsigndsreceived倉omakdarsystemdependmostlyonぬeopticalpropertiesof

也.escatterers.Lidarsi画scanberesolvedintotwocomponentsnamely,thesingle-scattered

ps(R)andthemItiple-scatteredsignalsPu¥R).Thus,亀etotallidarsi画canbew血触as

pT{R)=Ps(R)+Pu(R)assumingpulsestretchingduetomi血iplescatteringisnegligible.

馳esingle-sc肋eredsignalPs(Rjc弧bewrittenasPs(R)=邸(R)Ts2{R)/R2,whereKis

亀e軍紀-co-;碑由.竺bぬattenng-fficient;Ts(R)-joa(R'匪由he

吐弧smittance;anda¥R)is血eex触ctioncoefficient.Sincebotha¥R)andβ(R)areunknown,血e

ratioS!-a(R)/顔(x)isconv血onallyassumedandtreatedascons触Themultiplescattering

e頗∋C飴areconsideredbyintroducingtheratioMSS匹)to也esinglescatteringequation.Thus,血e

multiple-scatte:聖equationbecomesPM{R)-Ps(RYMSS(R).Sub血血gthistothetotal

scatteringequationandusingthesinglescatteringequation,血etotalscatteringequationwillhave

theformPt(r)=KJ3(R桓(R)Ts2(R匝whereM(r)=1+MSS(R)≧i.払血ssun'da血on,itis

assumed蝕朗亀econtnb嘘iondueぬnoiseisinsignificant.

Theiterationprocedure

王.One-componentA.tmosphere

Table1belowshows亀eparametersusedinthenumericalsimulation.Initially,ぬe

exdnc也oncoe疏C転出isderivedusing監ユe髄sinversionproce血∬e.Thetotalextinctioncoefficient

-thefor-aT(R)-ォ(s.r董荒蒜(M

'-JT,紬wh-xt(r)-症(R)R>¥.

馳eboundaryvalueistaken鮎蝣mU.S.StandardA也nosphere.Thetotalextinctioncoe銑cient,

aT¥R),correspondぬtheextinctioncoefficientpro創esacquiredwitho嘘m血piescattering

consideration.Theexbnotioncoe疏cientpro創efor血esinglesea放eringcasehastheform
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,ォ= 静xp [xr {R) - XT(loョ
m{r)

exp¥xt(r'トx(Km
The difference between the two

S｡旭｡ns is used t｡ assess the convergence ｡f the iterati｡n, i.e., ex =山, where
's

匝and tt -JN*桓竿the opticd血ckness for bo払single and total
scattering. Ri and R2 are the minimum and maximum hdar observed ranges.

Tab息e且. ParameもeyS硯Sed孟m lぬe numenca且sim岨且atiom

W aveleng払 532nm

FOV 3and6mrad

Typeofhdarconfigu血0n Coaxial

Elev*由onAngle 900

Aerosolmodel‥ Urb弧Aerosol

Sl 30

N iN2 0.999875,0.000125cmづ

*¥?i 0◆03,0.50um

lOgol,lOgp; 0.35,0◆4

孤 1◆53-0◆006i

CloudM odel: Clcloudmodel

Y,ち,a,b 1,3.0,2.604,0.4

孤 1.33-0.Oi

Sl 18

Visibility 20- 50km

Alookuptableisconstructedto

describethevariationof嘩),h

andetontheextinction

coe氏cients.

Thefirststepofthe

iterationprocedureistocalcul如e

theex血ctioncoefficient,a(
sO)(R),
&om亀observedsignal,Pj¥R).

Theopticaldeptht(
sO)isthen
obtainedasafirstguess.Sinceno

multiplesea耽enngeffectsare

consideredyet,t(
sisconsidered
ast(
TO).Theex血ctioncoe氏cient
profilea(
sO)(R)isdividedinto

several regions, each of which is characterized by a relative且y homogenous value of as- (r). Then,

the multiple-sc奴蛭ring ratio M(0){R) of each画on is c融通ated by mヲans for Monte Carlo
Method.　Å触　触　step, ,(V(R)且　calcu且ated using　血　equation

Mォ"(Rc) exp [x<" {Rト*.W(*J

41>(R) =

M(0)(R)
expfc-Vト40;fe)録'

The purpose of 血s step is to

correcもa(
sO)(R)bymeansofM(0)(R).Mathematically,theproce鮎ecanbesummarizedas
a(
so)(R)=I(11/([i^(i?)j,whereIdenotesaninversionproce鮎ew血amultiple-scatteringratio
M^-^R)asacorrectionfac触.Theiterationisterminatedu血且yfi>≦0.00且(/=U3,‥)is
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鮎岨med. The interpolaもed MSS values are divided by a number D (10-100) to prevent

computational instabilities.

II. Two-component Atmosphere

For a two-component atmosphere, the single scattering lidar equation has the form

ps(R) ≡ K¥fi*{R) +J3�"(R%rf(R)T�"2{R)/R 2 , -here a, m and s refer to Mie, molecular and single

scattering, respectively.　The multiple scattering si画s can be expressed as

pu (R) - K¥Pl (r)MSS* (R)+ J3s (R)MSS-{R)}rf {R)Ts-2 {R匝2.

From血e two equations, the total scattering si画Pt(R) = Ps(R)+ Pm(r) is written as

pT{R) - Ky*(R)M*(R)+J3-(R)M-(R)]Qxp(-2J*{al{R')+ a Thus, theめ融

ex血ction coe飽cient has the expression aj{R)= -
si(R毎'ォ

S2 (R)

where XT(R)-fa¥pT(刺　　'(*)-牀蝣

sMx^R ^xp U iR )]

鰭.普
サ{R')dR and

J(R)-2fs^R')xT(r:)exp[/(#)}lR'.Here,S!-8.52sr

JR･
hぬeiteration払出follows,themethodofobtaining亀esingle-scatteringex血ction

coefficient is al (R) = -
sl(坤l(R)Mm{R)

S2 (R)Ma(R)

S^RJx^exp lK'iR)匝(R)

岬)+
sM

K(R)-2?R

S2(R)

the variables K ¥R)弧d L¥R) have the forms

･(r)- 2j;

守(R)dR摘
xt {r′ )exp [it (i?′ )kIR. The i紐ration procedure mentioned in the previous

section canぬen be utilized using the equation for a| [R).

Results and Discussion

Figure 1 shows a 532 nm signal鹿en倉om a multi-wave且eng払Ii血system at Cfaiba

University on April 3,且998. Low c且oud appears a忠around且.35-1.55 km with a geome扇cal

ぬickness of ab0滴0.2 km. Th.e complete overly) betweenぬe且aser beam and亀.e telescope FOV is

釦450 m for a FQV of3 mrad Be且owぬis加地de,亀e ex血C血on coe疏cient is assumed to be equa且

的the value at the overlap region. Below弧d above the c且oud, we assume S-30 sr and融bin the

cloud,亀-且8 Sチ･ Figure 2あows蝕e differences be廊een血eved ex触.ction coe:飽cient pro蝕s
when鮎iteration was app且iedめboぬKle統and Femald me亀ods. From bo亀graphs,也.e iterative
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me血od gives a higher extinction coefficient values below the cloud弧d lower values hside the

cloud
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The estimated value of the optical thickness

due to血e single component atmosphere Ts is

about 0.95 (e7-6.3%)弧d 1.4をT-10.4%) for

two-component atmosphere. Above the cloud,

no significant differences between Klett or

Femald method and血e姐pro負Ie exist.
Below the cloud, the error increases asぬe

distance increases downward倉0m the cloud.

Inside血e cloud,ぬe error is found to increase

with the penetration dep血of the laser beam.

Ths is due to血e increase m也e multiple-

scattering ratio, leading to the decrease of the

extinction coe氏cient.
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Figure 2. The ex血ctiom coefficienをpro盈且es derived from a.) KIeft and b.) Ferna且d meぬods using

ぬe iをeration proce血Te･
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