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Abstract

Random-modulation cw lidar (RM-CW LIDAR) is a new technique based on the pseudo-random
code modulation of cw laser light, which was proposed by the authors, and is suitable for a small
power laser source. Diode laser is a suitable light source for the RM-CW lidar. It is compact,
highly efficient, long lifetime, highly reliable, and the lasing frequency and intensity can be controlled
by the driving current. When the diode laser is used, a compact, portable lidar is expected to be
realized. The authors designed and constructed a signal processor for continuous data aquisition,
and constructed two diode-laser RM-CW lidar systems. It is a prototype of a practical compact
lidar system for the measurement of short distance phenomena.

In this report we describe the RM-CW lidar theory. including the error and noise, the apparatus
and the field experiment mainly by diode-laser RM-CW lidar as well as by the Argon-ion laser RM
-CW lidar. The measurement was stressed for the short distance phenemena such as the boundary

layer, visibility, and road dust dispersion.
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Fig. 2.6 Block diagram of signal processing unit of M-sequence modulation lidar
system (for simplicity, the case of N =7 is shown)
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Fig. 29 Variation of the measurement value in a case of single photon
counting method
A result of the computer simulation and the theoretical expectation.
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Fig. 210 Response function measurement by the average response method
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Fig. 211 Variation of the measurement value in a case of average response method
A result of the computer simulation for N =255, M=10°, 1 =0.01.
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Table 2.3 Comparison of measurement value variation between the M-sequence
modulation method and the average response method
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Fig. 2.12 An example of measurement with ‘ghost’
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5, FDici, BB CBIERR ADC, v —¥—F A4 —- FEOBRRBEBIAMSTLEL
T, ROBRATE, BES-#®ESR v—-¥F—&14+- F-BERBERIRE—-FLLTRA
—EEMICHBD BTV B,

—F, BURRABFRREOIA v L —F-2XEE LS4 —v2Facl, B3.21ERTI
A s v & an— FIBEEENERRE (EOM) *HBTsBEREBCELLR, BIEE
OHP (BBF rR) HBE - BHER I B THES T« S arfbdh, LERA
BB ohThd, EficonTREBRTSY, COYATATERRESZER: oy, LBFR
LEHBAT IS, COBE, LECLEE (w22 ) 0ADNROHEBEYR T, b0
BEXR (Av—7) EOREIY LD,

AMP]  [CURRENT

ADC
patar | ciock
RANDOM CODE
MEMORY
ACCUMULATOR
SYSTEM
CONTROLLER
SIGNAL
PROCESSOR {} CPU BUS
PERSONAL
COMPUTER

B 31 #4144 FL—+F—&AVIBEOBBEHEOEN
Fig. 3.1 Outline of the signal processor for diode laser RM-CW lidar
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B 32 Ar v —¥—EHGABS OB EN OB
Fig. 32 Outline of the signal processor for Argon laser RM-CW lidar

MEFIELTIRI12%k, Tihbb, B 40053 0B LT3 (MBFIOERE
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BHAFIAILTS > oMBEMERY Y IHFIes Ll h, 1ECRERTERTLIHEIC
BT, BEEE, ThbbEESHENSEOLOYREBEL TL-5,

3.3 n—=Frz7FBREY
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2Y FvFara—FAie) -
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DECQDER
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[o-rrs ABlre RAM

 m— SYSTEM CONTROLLER
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) B4 ] MPU
E ‘ INTERFACE gl
| e
& 1 o ‘@‘ a CRT
v
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® 33 EEABRBOTe .7 ¥ AT 55 A
Fig. 3.3 Block diagram of the signal processor
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BE =) M 3BIcHBfLEhTtsy, BR4Yy rOBHEENBRE 7 » 7 (HED,
EEBEyrOFHE Ry 2, AUCEELL Y » PD2A— A ) —2bERERLTW
B, YFOBERCHTHARE CEENLHERRSERT 5001, oM FIMBOTEY
Auvtvg, Tihbb, H3.3wFmTloik, ADE#RE (ADC) L XTFatEsrbod
oy b LATF— 2 BBRFICE-T, 4 ¥y PX5F GB) or7 bt voraritkat®E
BB, 570 o 7 GORBNERL, vy PO RAERFEBET -2 CHICERD L, v 7
PLPAZDEBROT — 23 EF 4 BRI TVWAE S BOMBRES LT — 2 BR (BFD)
CERER, Y7 VIAZIROS 2 2 0 bEROTF — 2 2oL, T ohxiy
B, cov7 PP ARREARVALT — 2 OB X b, EhATeT — # O
At KHLT, MEORELBR I YA 27450 TL\v, B s, BEEEDSZOL
EEENELND,
5onEFBHETAMEREERIR 3.4 R T L 5, 2MEEE (FA ' Full Adder), D-
FFs, A% 7 17 RAM LR EhE, SHEHERCR Ahbhi T -#1, 19170
SAfD 7wy 7IAMLTERE v 7 0EBEREND L LD, TDOF+ VY EAALDRERY
V7 ENS, BRI, ERE e 24 SEATTREEREROY » P EEFTHRZCH
Hex, WERESITACLA, #BoERE HERMisorla=y FOLALSMA
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fo/s
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X B

2
745283 Q71.51'175
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—

i memar
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; addition

PR
memory |
write

34 FIERFSZOEH
Fig. 34 Configuration of preintegrator

BahTuine, LT, ZRHBRCERYT->TVv 5011 20NBEREROLTH S
DT, TRTCOMNEREBRONBLEERINDEOIIE, SvFaa— FEDSEDEEINSKEL
% LENST, 12 Py 2 0H 9V M TELRAFHEBF A2 RT 4bit » 2°(=16) =5
—3ANRkinh,

=7, 1% 4 7 v OREINBERER, RY, IHE v/ OLBERNCEEI AU TO X
Stk n,

A& R 5 (ns)
FFs TOEEELE 10
EMELE TOREERIE 20
Ae) —BEAL 40

gt 125 (ns)




thih, RAXOHEREZ125ns+5=20ns B 5h 5, ARTREREHF-T, Zhi I0ns
CERELL, T, 4%V B8 CMOS-RAM HM6GI47TPI & Ao, I hEEe s
170 22) —2EATIAELTOGNETSREXYRN L2 L LTETH D,

FHE e 7, BREVPIEYy o ARV TRE 3 CRT L D ERMCHE
BABLAROEB L LT\ D, EMBEBRIE Yy MBETF+ V- A w7 T~y FESTD
ok 5O ICTHMRL, Tk, A—- -7 —%HET5EBEMML T3, ZOERKZ
mEZoEAYECE=2—-1, 16y bP, EFW L, r A1 REEAED & 27 A5
PELTHRELRLY PR, TOBY v —slc@T A, 2L, By 275
TV RERBNKES, Fos0d— AT (357755 F) ARG A,
COBBEIERALEY, M0 L s, IHE ey s DAY A AOHERER LK
ST -2 AR LRTLEDT, A2 ~DO7 P2 (FrviaBE) LHHESDERT
E—F Ly, coEREARC 2 v —sfllOY 7ty = TiIRE S TRIET A,

FHE Ry 2 bOF -2 RBR T v — s llbo o< ¥ [FECTH) 12k b,
WDAy 77— A% —REEIRD, cOLE, EHE e » 7 0RFRELE (7Y 7
THIiCHAD =z = ¥ [CLEAR] PEBEEhTW3), Ay 77y —A4A %) —H36kFT X
St h A Fa— A2 Y —DOEREY LTV 5, Tibb, 1. b0l ) FHEES
By rhbOF—20FHED, 2.2 v —2ll~DOF -2 D&%, 3. DATRBL AL T

] x4
745182 From preaccumulator
MA O-1

AL ) %37, HMEIATP ¢,

. Di We
TR
X —d
im h
L CLR [
; {"‘_ — MWR
D v
a a
To buffer memor
i y I—»OVF

B 35 FEBES e, 7 0ER
Fig. 3.5 Configuration of the main integration block




. From main accurnulator
L To CRT
S

MA 0-1 A
f12
M. U. X.
‘,lﬂ.

COUNTER

]
MU
,7 | ocPu

CPU
COMMAND

M 36 Ay 77y—2xY)—-HOBR
Fig. 3.6 Construction of the buffer memory block

BEDF— 2 2 EBEEME LTCRT £= 2 —kHRTS, ©3IS0BEYH>, YhiBERT
Bila v a—FEO =Y PRl ) o AF a8 > TiRESRSY, BF (74
v ) OREETE, 3. MERXA, BEREYERETT =4 -TELI IR TV%,

3.3.2 S»y#La—FxEU—8

VWA THTHELUS v # a0 2T, EXOR (Exclusive or) TE 4771 —F
Ay rOhG bRy 7 VO ASCESTERERD, Ry AT ATR, BETHEAERA
D H A — FEREBBYREY 72728 ab-va vtk -T 1 Aao 025l
FBL, CHYESUEREO AT —CBEIAALTWS, A 2) —CBXRTALT - F3FE
OREA ) —THEBATHI Ry 7, THVR, ESEEMTRDELEALE S D, BI3.T
CEt I, oAy -—RUBTEBL2A- AL —OBRELH->TED, 2vEa—
oA —, 2€U->FRES L200BFYTL, A% BEREAHK EIios=x
) — AT AEUS v A A AL RFIFBEAATEFEL G, A —DbDT —FDFELN
LEEIEDOWTE, FBOBATHE 0 ns WG+ 50ERH D0, ZhIAEDEEY L 4
) —w@ATARBDNE, 5€y FET (AR CRAKEL, CheREOX7 P VIAZY




LOAD

CLOCK
(£0)
MAQ-11 HMB148
%3
uL
\"d
: P25
MUX—A o—1? 75194 52
RANDOM
t Lso CODE

__AD”__*

COUTER

>

CC,F[SLI\deAND From CPU
(WRCD)

B 37 Fvaaz—Fiz)—MMoOER
Fig. 3.7 Configuration of the random code memory block

AV TEF-EFAFRLTHE- LT3, Hi TTL (Transister-Transister Logic) L <
OEESTRIHER, ERCLY ¥ XA FRATIEY T, £14 - Vv —F—DBE&R
EEEMOFEH, Artv —F— 084 Pockel's cell DEREIEFEOERES L LTHAV-BRE,

3.3.3 L RTLEER

AT AHIETEEORD ER ) REERHET SRR THES, KE{SFCIBLTER
AEY—OWE 7 2 7RT P UVAESR BB TIEETE, ave2a -2 OHTT—#%=
<V VREFL, REOMEH, ik, F-20EXRERTII v F -V a1 AL TERAIA
B, M3BUHMERCLy vFra— VeV —®,fET57my7 7V AREOORETR
T, oLk, SoOWERESELUTEBFI Lo b I oBOE & LUl ER T
ERgEleoTind, ¥, 33.333MHz oEEHBOHIRGAR -~ F7 Loy —% L EL
T, 1/1,1/2,1/5, 1/10, V20 DEFD 1 2% #EK 7 vy 2 & LTEIRTE %, K3.8 TA-
counter (ZEXR 7 = » 2% 50BL, D-FFs~® 7 vy 7 2 € ) —® Read/Write § 5 % 4
HLTw3, 580BERTo0Dr w722 BicB-counter Tt 2 h, MBRE~+) -7 ¥
vAESAYER TS, C-counter & EEMIZIE B-counter & B UHETH B, 4 TV —HE
E, EHEE e v 7 WIET AT FUABREEIHL TS,

IVEa—F VT ;/r';wi»— Fo= 78z Z80-CPU 1 FEhaTkbh, TF
VA AR {(AI~AT), F—2 12 (D0~D7), = v + v—n -t 2 (RD (read), WR
(write), IORQ (I/O require)) EE LS THH s b, ¥, BRI TITLO3IAT—+-12




33.333mHx

£

MU X _J

A-COUNTER

MWR,

B- COUNTER /819 |

[C- COUNTER 1/409s|

12 MAO-1]

B 38 vRFarzeyr o7 VrALHER
Fig. 3.8 Generation circuit for system clock address

by dr =t 7Y o7 r AR EDICHLERINTRY, BE 2 vy 7 D MPU,
%% i, Z80H (8 MHz), 8086-1 (10MHz) T Y =M1 PAF—+RLTT7 7 EATETH
%o

ABIIEI IR T I 164 VB0 7 Frv AR SET 5, £EOS8 4  IHEBMAT
FAL, BhaERTrEARBNCEAL T3, 2V ¥ a2 —2hbARCAELOBFEIET
Taiid, E31oz=v FE—F (EE7FrA0) ©E32ER wETE k< F
2 FRBEIADL AL ESL, I Y PR - PERGESTa—FRESZSEIhIED, o v
Va—s2filinbnawy Fa— FE58 - L TRELARY ERICTHE S, LithiaT,
2y Fa—#OBBRIEELEV, EvATF LB ThH, Y@ty v 2 -8 MBC-225
(Z8)) #HAa v Ea—g LTHVTVAS, o, NECRPC-980l cBE#LTH
FLTw3,

v A7 2B EET A EBOBERBHMELTAZ -, AV —TD200BFE~ VA
BbH, vAL—ET— FIRCRECRELTELBEYRHS, Av—7 -1, @#BThE <
2Rt Kby AT 2HATEROBRV LD E VLS, AL—FE— FDESLBEL~
g —%— FOLBBO L AT LHEE» LBz v » 2, 7 FL2A, GEERLEETTR
B, eAE—LAV—TORBYERTLII L > TR (AYPLT) HED 71 & —%1fE
EEYBETAZENTES, “OBER~LFI 7 — (BER) 051 F—v 27 22 CHEMA
EhTv2, ’
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31 F=BREEETAI/O7 rraDEhET
Table 3.1 Allocation of the I/Q address

X7 ¥ v A READ WRITE
Ay Tr—siE)— e
¢ Throt4 b A RA—b
1 .
et b
9 JE—-trHhovA
T4 b
3 EfLAA b
4 AF—RARK—F
5~7 * & A
8 RESULT 1/4 INPUT TFhr-i4 b
9 RESULT 2/4 INPUT LEfir-41 b
74— F/:'y777\7
A RESULT 3/4 TR b
FA4—FAyZ2=wRA 2
B RESULT 4/4 Ff A b
AF—8A RO b
C G ao— azxv FH—*
D~F #* & bi
#F 32 EEABRBO-—Fv =71
Table 3.2 Specification of the signal processor
Clock speed [£] 33.333 MHz (4 ¢=230 ns)
Memory cycle [£/5] 6.66 MHz (4¢=150 ns)
Channel length 4095
Word length 4 (bit) ! preaccumulator
16 (hit) ! main accumulator
Counting capacity 7% 107 counts/s

— 47 —



3.3.4 Fr¥La—FERAS

BT /4 bt AR CEBEB O T — 2 Q2B THRNAL 5 RHBRTRBOA votra
WECEHEEhD, 5vFAa—FVENOF~ 2% T THEAT AL N EONE L RE
BIFADETHDA, ChET_Tavea—sfloy 7 ty=7CAETLIORAAMNEL,
RERTOR « REARTRR L 105, £ 2T, HENBMAMBEEOSIY ~— VY = 7 TH
T3 200 EHBTH L,

B %R 3.0 CRd, BEMCE, Ry boLMESVEBICALLE LT, Sy iz F
RES By 'V RBEF- S22V L7 FVvAAD VY, Ry PRHBAVI AR, &4 3
VIr ey PREFBLECATANTVE, a2 —FA V-7 =4 A EHBERIRT
Bo 3V Ea—2fnbRERLILGT — 2 b~ BEREAHO 4 € ) —CEEL, PHteS
TiliT, ERBANTE, WEOTHEEL LF b kdbd b A 794 VBT
DT, TXTOAAT 54 T o0ENS B0, FEHCE, 7FvAd oy 208
b, REtvorABZ0s ) 7HRENTbASL, £, 2Ag—ta2wv ICl ARSTOMKEALT
Yo Thibb, METHF v 4 53— K1 ORIINE, 0 0RIRENRILVIRAs LD L
BOTFVABY Y ETIHTRANLF r vRAADTF —2 2 TFbhs, 1 ARSTo0EE, « &
FABYYAOF )~ WAL > TEAM T4 VB, 17— 2 OBRBEIR oL w

05C START STOP
CONTROL

| ADDRSS COUNTER |
RANDOM SOURCE
CODE DATA
GEN. MEMORY
FJ 32
r—-‘——-\
L, A B
+32
*  REGISTER
32 bit —
FULL ADDER a2 )
j To CPU
v

B 39 EEmoss
Fig. 39 Construction of demodulator




TV - FIEL D, 2V a2k, BEfvoA2E¥TAR TR, ROEROLB A
Y7 )T FB, R, BEF— 242 V—B7FLvAH 0w | KD T, EAZ— X
BE, DEIRYBIBET Lt -1, H 27— 2 0EBIMTbhL,

THZX-T, 7 v =7 CERTLABEHT - R ERARLE 128 THET 15,
RI2KA— P 7OEERTEHTEL,

3. vZrzTICL BEHE

FBRTHEE v Y2 -2 b E, FI 1D v FA-ta=vFa—-PyEER
Dol -THlfEh, cow—EOWBE Y 7 r Y = THHEETS, B33 = v F AL
T, BIJETINLLOLAORE, Thbd, FvFaz—VOoRX Eisvy/ro0
HE, wRE—[AV—TFOEPFET-VOERELIIERLDOF+ v 721+ LR
Ya— b 73S TRET D, UF, EREOHAC RT3 AEOTRCE - THBHT 5,

BEEHEIV -y s DHAOBRIRICL - CF ey FATEE, 2=V Fa—Fdn
(M) hiZ 6 ERTHA I LA RT) ¥a vy P~ BT L), REDER
EX2™IIHER RS, L, nik 0B fh) ol THD,

KCFvEAa— VR 2 —vOBEART YT, 5B 7 oAz Tl/50EETH
BABELTW50T, bnhldavea—sflosx) —hy B LTS Ao
A= F— 2R HATT TR LENRRD, SvFsa—VFOERIE, Y71 9=27Tr7 ¢
VIASEZ I alb- b THS, BHREOLSEEENG1Ey FTORLXET. WThoBs

Z 33 v7boTFTa=vFa—-V
Table 3.3 Software command code

Command Code Function
START 00 BB

STOP 10 EEAL

CLR 20 A4V AEY DI YT
FETCH 30 AT T —AE) - DR
RPT H~4F BEERORE

RDSS 60 Fe—RmERRELE—-TFILAD
RDUP 70 TFPLVAAGYERT o7
RDSR 80 HAMLE— VORT
WRSS 90 a—FAeY ~BEXALE—V
WRCD A0~BF —YOBRXRAAL

WRSR co Brirbet— FORT
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b MAFIOERAATREFG 07 4 — ¥ty 72 AF ATl e bige, F 4095 (12
K OMBHE L TR IMBEFET S, avEa—afllos2) L5V Faa—FF—%
PREBEhich, ki, thP»EFURBMO2—FA2) —KEXTS, COBEXALOIIE
i, B WRSS == (2—-F9h) TEFALT— VLA D,

WIZWRCD 2=v F (2—F1I01XXXXXb, bil 2B THA D EHET, XXXXXD
LIAITEYy FROF -2 BA5,) THEIL A€ ) -5y bIoBEAY, TOBEE
HEEDa—F AV ~HO7FVvAZY v At~ —~ Vo =7 TEBRICA 27V AV X
h, REBERALREA ) -7 FUABHTIATVS, TRCDSvFAa - FF— 208
RSO D, WRSS 2~V F (2— F(0h) TEE AT~ VERT T2, BERAE
Rz~ BEERO 7 vy 2 ERAMLTHEAS RS,

L ETHNABERHORERCT v F A — FF—FOBXARRILVSA AR AEY — 7
BL0T, #7322 —%FFELEVOTCHANEBEETTALE L,

WIWCLEAR 2= v ¥ (a—~F20h) TEBEE vv 2042 ) %2 0715, ~—F
TR A ) W 0 RBEADEFRET Vv ARBL s THRYET. COBEORETE
BRT7 FUALABOAT -2 AR &F{ABT 2L - THATED, AT -2 AH— il
H31WEFRTI3RETMA Ly POE LYy FAREROBERELYEL TV 3,

7YV TAEBAKET LS, START 2=+ F (2—F00h) ¥ 2=V Ff— tEEAZ,
CHhIC > TRESHBEShG, ~—FY = THCRTTBRES~F - s vERT 2o 7 b vy
AEDZVTERELTVEDAT, fidose sz, V-F/754 +ZEREDFHEROERSR
£ CEL v,

CORBIRIE T v 2B ERECETAD, STOP=a = F (2—F10h) 2
AV R -t REBEATRLTI T, Ve~ 2o vricXsa@iEd, STOP2~v FiC
LFE2ADE A — Vo = 7HIERESFALT, ABOY7 VLo RAEZD2 Y PR T2 T4 FIZLT
WBEDLTHE, Tiib, BEEEOEFVEFCHBETA 0, BELTWAVGKEBE LS
DX, 03 kBELCVARETHS,

BEEAKT-s0avva— 2~ ~0RYALRE, BED - ELECERL EEOEST
HTTES, 3, FETCH==v F (2—F30h) b, IPE v 2075421,
Tr— AV RT3, COBFORET b AT —F A~ (H3.10) ¥HAET &
I ORETE S,

iz, RDSSa<=vF (a—F60h) Ty 7r—22)—DREOFLHLILAS, RDSS
2wy FRETRECDAZT) —OFALLFZ VA DY AL~ Fo=7THIZV 2, + Xh
%, CPURIDGRT FLAn g v E0RTT F L ADKNESFE— M i LTHRAMT 2 & 215
WEThbH, ATV -RIFBI6Ey P CHEEIRTVAOT, £OTFMAS bikd—+ 0h (EY
iy Lo, BRI - lhE D FAHT, T, ROT VLA~ a~v F




AT—FAK-}

L mme
ADCHH
(4% k) CLEMAH
FETCHMAG
F—N=70—

B 310 AF—#AHA—tDE o FE[ YT
Fig. 3.10 Alloction of status port bits

F=tARDUP a3 =v F (2= FT70h) 2BEZADC L IoT7FvAIT VAR v 2 Y
AVPENR, RDTFVAD A ) —ORBAFARHER L L DichDd, COBVELICL T,
EFr v ANLOTAELAET T, RDSR==v F (a—F 8 T, s 77— 4%
y-& CPUREIYHT, chick -, BOFETCH =~ VYO ERAMRAEICL Y, *i, =
NBLADEL, Ny 7y -2 2) ~OARMNHEMCIRA L DACKER K, BEEFELT
CRT tx=%—TE5RBrs,
MPRAThILT-FRLBRGUCHE T4 A7 2 BEIhS, ¥, FHABEYRESC
L, ¥0fEHR% CRT Liwkmlich, 48—t anitcn T2, 0l
RAEL, 2ETORBEBYCTOLALY, ~— Fv=70EBR AEF XAV 5B83 D
NERACUITY, T2 TROBEE BEELHED) Y7027 T3 L9 eBEIRTL
B

B3l BT — 2 2B Lo ETT, i, o735 vy Lil5F—2%
DA—R=78 =R =¥y zT7RERLY, B DOFANCIHATELL 5 k>TV 5,
Llb, EEMBROYAF ABEEBFERBC2CTHBELE, E2AB R 40 cm X 40
MmO2IEOEREC TV F a2 - FOREEK L HCBIEIRT—20EFCHD LA T
S, COHE, ~BOICEACTHINTTUWAIDTERAKEL L R-T w52, BHOIC
PUIET 2 LB TS B,
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| Repeat Count set | RPT
|

Modulation Code WRSS
MemoryI initialize wggg
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I
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Fig. 311 Data processing flow for a general case

5B X B

Baba, H., S. Hoshina, K. Sakurai and N. Takeuchi {1985) : High-speed multichannel photon
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4 BUF o ALERBCW SAT-LRAF 4

RETIERM-CW 54 £ — v 257 aDF M HVCEENLEBELHEAL, o, HiE
%V—%H%%ﬁtLt%%@vz?A%&%KEQT»ﬁvv—f—%%ﬁ&Lt%movz
TRERAT D, RM-CW 74 # - ER « AR EAL~» VEHLE, BE5LBEE 4
Hevta—shbhzEGRaBRerbid, EHEAERCOVTHEIE G~ 0T, £FT
R - P~ EEE Loy AT AR~y FERC 2V TELER LRSI TN
TR, PATv YR ELTAVAT AEDOVWTREBBEEF A~ AT AL LT44E
THRMTS (FEE AEMLED L), LEEL - F -2 NHFELTIEVRT LD~y VEOMHE
REEHE 4.1 R,

Ivoculation |
Code Processor

Signal 4
Processor

Telescope Hi-vol.
PS

B 41 RM-CW 54—~ FHiERK
Fig. 4.1 Configuration of the head part of the RM-CW lidar
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RIEFRT v —F N, V- —BE, HEK, XEXRERNSED, EHEEV-F-LK
B ETaHE R, LIRE e b¥HE Ay —¥—, FOERKRE - TEBE, ERZELORLE
WHEFRe B s D, ke — i XERIC L - CEBCERTE RO T, HeREMERO
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FAOEBCEEIATVWHOT, BEXERTCHALHMTLLERSE, ZOfdich s TV
VA (BESFENERTHDL) ¥HGCTL—F—E-akal -t L, T=uP020f2H7
ARYEEISTE—ADHFAYBAEL T3, ¥BALv - V-0 - AERDATKEW
(10~30) o THOIROXKE VA 45 L v X (F=0.8~1.2) DB L5, REHEFROBEA
@%@42K%TDC®%$%KIoT,V~f—E—Am¥§¢V—¥—®%%Eﬁ®ké§
THREIRLEMNDA (H0.2~0.4mrad) ETo ) A~ F3h3, LTF, EBHTREIXFROF
TRLBECHHEEME L —F — L X OEBEEEL, RUEHEECOVTRD BT,

Wedge Prism  —amera Cioce
Lers Laser

B 42 BAXEROT e 2 F
Fig. 42 Block diagram of the transmitting optics
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Bk -¥— (DLVRETFOb0R—T Imm LT LT, BEHRNI%LULELER
{, BEGT, SEELASHC, BECLEMET RBERC - THF GEE, REER
DEENTED L VALY EL, KEE, CD, vFAF4rr, V-¥-F Y v, BB
LB D EBRLSONE L LTERLSh, *olERSERESRET TV 55, LrLRE
BEANTVIE—F— FODLRALAFAROT 1 F—0RF L LTAVSREBIANE W
DHREERTHD,

DLII#+OfE#EEC L - T, REEEB BRDHRE, TE - AFRAOHEEFEEO DL
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Table 4.1 Band energy gap Eg(eV) of compound semiconductors and
the corresponding wavelengh (in nm unit)

&4 AV F HEHTE K  2HE GIrKD
A i eV (om) eV (nm)
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GaP M8  2.338 (530.3) 2.261 ( 548.4)
GaAs EEER 1.519 ( 658.3) 1.424 ( 870.7)
GaSh BEER ¢.810 (1530.7) ¢.726 (1707.8)
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InSh EEBH  0.236 (4237.3)  0.172 (7208.4)

FhodFit @uem X Y EEE) FiEo DL ERBDFO PhELEMS v —¥F— (f 21
PbSnTe, PbSSe /&) HHG-BR A,

PTFelEREcHEE XA 0.8um FED AlGaAs Y EA v —F —EXB 5, B—x—F
TREHEEORV- v~ -SfFAEREhSBE, H430RTLREDRARBoL T 1~
FeEENELRE, BE - Ve s, BEREBER»LEERBROXE IAHEIL D,
AL ABIETL cw BIfETh £ — 2 BN RS v — ¥~ JLMER T L A A IEEE (OCD . Optical
Catastrophic Damage) =X » TR IND DT, ALABFOY -7 B E cw T DE W
+ERETH LY (HEOBE N4 28 DL X BAEKEY - = - YE4vREERL T, #
oty v /A~ FrBEARRAL, HEHEERYKESM-oT 1 5), A+ ABFCE~T
cw BFIIRE T, KENAESCE—BREHOBEABLLD (FREOERCER), TOkK
EB¥ AR LOREL7 v A 2 ERBHRY ChDH, H—x— o ow BifF DL 18—
FFT50~100mW 07 —AERALIN TV B, ZDAT7 1~ E RM-CW 7 1 & —ic{f
ALT=7myADER T a7 74 4% IkmBEECHETCE2HEETH D, EDLIET ¥
Faa— PG LAEBEHORBSERCEATL LATETCHL AL, RM-CW 71 47—
BLTWD, B, BTHPHEMESE BRE—x - VRS CARK7 v 4 BT cw BifFD
DL BRI koo b ERATIEATHRCE D, HEEHD, BHERL - F-FLDOAFD
BEERAH, RM-CW 5 o &~ Clt KT ORI EOEM IR LB H DT ow LV —H¥—
KEBLUS v 4o - VCEBEL, FEXLERBTHILILL-T, ZMFMERD L, LI
Mo TRM-CW 54 F—0@¥ LB E L TOREFR,




M 43 #oHRLE~F e (BH) BEHE L —F —0ofAH
Fig. 4.3 Structure of a buried-type double heterostructure diode laser
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Fig. 4.9 Mode jump during the temperature tuning
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Fig. 4.10 The measurement of current tuning characteristics in the single mode
operation by a Fabry Perot interferometer
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Fig. 4.11 The measurement of temperature tuning characteristics in the single
mode operation
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Fig. 412 The relation between a bias cuurent and the output for the amplitude
modulation
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Fig. 4.13 The relation between a bias and the output for the frequency modulation.
Small amplitude modulation accompanies FM modulaiton
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Fig. 4.16 Error signal for the frequency locking to a Fabry Perot interferometer
(@) S-shape characteristic signal from the frequency discriminator. (b} Error-
signal for saw-tooth sweep of the interferometr cavity length and (¢ ) the output
signal for stabilization.
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Table 4.2 Optical parameters used for the calculation of RM-CW lidar geometrical

form factor (GFF)

TFAL EF N2
L= — AlGaAs 1 —H — AlGaAs 1o —+ —
% B 780 nm 780 nm
A7 — 30 mW 50 mW
T ¥ BHo— B o—
E—ahsibhe 0.5 mrad 0.2 mrad
By vsaza—F M #71 M %5
W 12 & (FIH 4095) 10 # (1023)
BN T v R 60 ns (BEEESAEEE 9 m) 60ns (9m)
SHEE A v v BIR R vaiytbtAaus v o BEHRE
no# 15¢cm (13.5 cm)** 20 cm
j=- 345 3 1.5m (40 cm)** 2m
HEE v —v R 15cm 15¢cm
&5 E
AD = v i & 3 PEFRME 6w rEEEME
g Ry A

HWEA/FZ8 L VEREY Ry (Z0BE 600~1000m) E35 & F/RIBIES Ly,

DHMBETELCFE 7405 -%80E, KBOASARI-T 7442 —OBEBENE:
B LB Tg -4y + FORMU—md MR CdEEH AT EMNERD 2B 1% H
BEELD, LB oTE2—7 o P LOEEIBORBREOVCTHERI XTS5 LEMRS 5,

AU OFEBEYATEA2 2T 2> CEBRHELLAYE4.21 wid, S5
LV - —OXET 5cm OFEMCREEIN, 0. 3mrad DAETET LTV 5, WHK
BAMEAG 4mm BEHBHIR, ESERSamO= Y 2 —2— vy AR WifT RS LHAE
LTw5, TH74rs—dey LTERECE PR TV 240812, HFER20m o0 A
7y 7T 2000m ¥ C L0 ROFEXT o7, K42l DERNL fo=5cm D & 210 FE7 4
AR —DEELIE CXAD=05m N LT, GFFRE#E2km s 3 ¢ 5% L Lo
HaaTo N Fns,
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Fig. 419 Calculation for a case without a dispersive element

The crosssection of the laser beam is elliptical {axis ratio 3 - 1, 3 for the telescope
direction : similar to the diode laser beam profile). Solid line represents Gaussian
heam profile | Broken line represents step-like beam profile. Other parameters are
the same as those shown in Model 2 of Table 4.2.
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Fig. 420 An example of GFF calculation for a long focal length (Model 2 of
Table 4.2)
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Fig. 421 A GFF calculation for a case with a narrow-band interference filter
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Fig. 422 Block diagram of the DL-RM-CW lidar
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V—F—FFRALCE, BHV-F-H2 124k (FEI4095), ¥ — +iB60ns (LT
MOMEI M OMABFUESC L CEHASA TV, HEFE o0& 15em, ESiFg# 1.5m
(F=10) b0 ERBELTHEBELTV-3, T, HHRRYW2EERTILEEL, TVr 7
vizZa b 844~ F (APD) & HuTRELLN, REFHEET (PMT) «FFELi, =
NoDORBEORER, =70 Y ABRESHORBNEC KT 2FEERS Lkm L hot, &
BoEA»X 4.23(a) (b)) @5it,

B 423 RM-CW 54 -8B
(a) ~y F#l, (b) ESAER

Fig. 423 (a) Head part (transmitter and receiver) of the DL-RM-CW lidar, and
(h) signal processor and a personal computer
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Table 4.3 Specification of the DL-RM-CW lidar

REER: (=72 /L) 1km (E, gHEEXL) 3~5km

L — 4 — GaAlAs DL
¥ & 776~780 nm
Hon 30 mW
¥ — afhdih 0.2 mrad
Beil> A 4 BT T (N ios)
ERRE AR BE 9 m
THRAFH " Caennton CF
ao# 20 cm
ZHHEA 0.5 mrad
Fir7z s nz— AV e 0.2 nm
BHE PMT R928
EREEE:
AD B 3 ¥y b
HEEE BHRAF-F
B - R BEy bty ay
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Fig. 424 Schmatic diagram of muiticolor CW lidar with a random code
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Fig. 4.25 Reciever section
In this configuration we use two prisms and two phomuliplier to insure no
wave-length dependence of overlap functoin. Multi-optical fibers are useful to
make multi-channel system.
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0t =(1/N ) 0'5(R)=4 N/(N +1F 50— 2 2 (N =)V N*$(i)) (4.12)
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Fig. 4.26 The counting distribution of the background noise (raw data) and that of
demodulated backgroud
After correlation computation, dispersion become /(N +1),
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Table 4.4 Background light value raw data and the average value
and the variation after taking correlation

T o #
HEERE f£7-=# @tk L£7-—# B #%  suppress
<> < hi> on? (N+1)O'bz
2560 2.537 2.537 2.466 2.457 0
5120 2.137 2.137 2.040 2.040 0
10240 106.7 106.7 790.0 790.4 1490
20240 138.3 138.3 1943 1945 4450
40960 209.4 209 .4 4249 4250 13200
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Fig. 427 An outline map of aerosol mesurenent

BThd, HRBIEIHERE L AOBEYES D,
T(R)=exp[*fa(r)dr] (4.15)
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Fig. 429 Dependence of S/N ratio on tramsmitted power
The power was limitted by diameter of iris.
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Fig. 432 (a) Time variation of aerosol concentration over night
{b) Klett's solution from the same data
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