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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 dicde laser is used, a compact, portable lidar is expected to be
realized. The authors designed and constructed a signal processor for continuous data aquisitien,
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 phenomena such as the boundary

layer, visibility, and road dust dispersion.
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Fig. 28 Computer simulation for a single photon counting measurement of the

response function (N =255, Ngpsaf=0.10, A=0.01>
(a) Integration value of the counter,

(b Response functicn measurement (integration M=10%).
(c) Response function measurement (integration M =10%).
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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. 2.10 Response function measurement by the average response method
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Fig. 2.11 Variation of the measurement value in a case of average response method
A result of the computer simulation for N =255, M =105 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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Fig. 213 Output characteristic of the RM-CW lidar with pulse miscounting or
amplifier distortion
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Fig. 214 Distortion of the transmitting light pulse and an effective ‘ghost’ code
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Fig. 3.1 Outline of the signal processor for diode laser RM-CW lidar
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Fig. 3.2 Outline of the signal processor for Argon laser RM-CW lidar
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Fig. 3.3 Block diagram of the signal processor
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Fig. 3.5 Configuration of the main integration block
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Fig. 3.6 Construction of the buffer memory block
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Fig. 3.8 Generation circuit for system clock address
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31 FRIUEETAHL/O 7 rvandElh LT
Table 3.1 Allocation of the I/Q address

X7 ¥ v A READ WRITE
/{‘y77—)‘%u— . v e
¢ Throt4 b A RA—b
1 .
Nt A
2 =+ Hho A
TS B
3 Lfroig b
4 AT -8 AKE -}
5~7 * & A
8 RESULT 1/4 INPUT Ffi-<4 b
9 RESULT 2/4 INPUT bfiz-24
74— F/:-yﬁ"ifzﬂ
A RESULT 3/4 FhA4 b
FA4—FRyP=R7
B RESULT 4/4 Efreiq F
ATF—FA RU e e
C S K ma— 2= FHE— b
D~F * & it}

3

32 EFABBo-— V727
Table 3.2 Specification of the signal processor

Clock speed [£]
Memory cycle [f/5]
Channel length
Word length

Counting capacity

33.333 MHz (4¢=30 ns)
6.66 MHz (4+=150 ns)
4095

4 (bit) : preaccumnulator

16 (bit) : main accumulator

7x107 counts/s
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Command Code Function
START 00 HEB A
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WRSR Co FxiAhe— VORT
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Fig. 3.10 Alloction of status port bits
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Fig. 3.11 Data processing flow for a general case
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Fig. 41 Configuration of the head part of the RM-CW lidar
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Table 4.1 Band energy gap Eg(eV) of compound semiconductors and
the corresponding wavelengh (in nm unit)

{Li SV HEHTE K  2HE GIrKD
B4 B eV (nm) eV (nm)
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Fig. 43 Structure of a buried-type double heterostructure diode laser
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Fig. 416 Error signal for the frequency locking to a Fabry Perot interferometer
(a) S-shape characteristic signal from the frequency discriminator, (h) Error-
signal for saw-tooth sweep of the interferometr cavity length and (¢ ) the output
signal for stabilization.

— 65 —




EEwt, BRAREC L Y v —2IEEHE (AM), BEEEHE FM) ofmFoTHEY» %
i, £OHDE

E(Yy=E {1+ acos{wnt )lcos({wn +Bcos(wnt)} ) (4.6)

Eled, Lichi-T, coOBRIBEESF AMERBKR S »b0FEELEERE, FOD
ey 2 ShBEAFRI-BEALBEL S, BELLFIR ImA SV —v b T, A
BEEELHLEREEAOMICI ImA YY) SCHZBETH S, = v 7 THRBELEL
BEIRET LA IEELTE Sy, RVBECE, 7 7 hsAERR SR ORER
LIRS,

4.2 ZH%

SR A, WROLLRLET5RAEETE, XEREE ROZEESOBESE,
Litdh, THEFFIZHEBRPAKETRERE B LY, BIESELED L LN TESN,
BENSTHHTRN AT HERCHFAL THARTS, Lich-C, ERXETBE T 00K,
ERFEORIFNLER R T, ﬁi@‘?‘%%@x«'ﬂ FPARLTESROBNIESEE LY, ¥
BEL ¥R R ET AT A TREHEAERCRERT S 7 s +8 %, TA2v L~
F—wHELTHY AT ATRSEBEEHL WS, -, SHEEEHic o THA L&
T, FRHRLEAEE DO LELRAENDR T CHRNS,

4.2.1 DA EE

RM-CW 51 £ — ¥R TH5 DL DA~7 + Al ew BIfECRFREL HFHCHE LB
Fi#E T MHz (0.001~0.003 cm™) 2%, HFRNER7 v 7Y —~n—zg o Vi SR EE
ELT74a =V 72 BB E5CH kHz W 107cm™) BB LRT WS, 7o Fv L —
¥ TR LA IRE 2 B eV BETHOE MHz T 5, v — ) —BELLS ¢ —Hil
DI CHEEARELHMERIL AR I BTV —F~FEREDORA < b IR EE UEERO LY E
TRE->THREYBRETLSOVRRLEE Ly, ZHIEFFRCHG bR AR THOLERT
EFOBBILTOFRBILTOERYTHS !

TY XA 1~3nm (HEE1pm T 10~30cm™")
474 T 0.01~0.1nm (0.1~1cm2) '
R Ty 4 & — 0.0I1~0G.1nm {0.1~-1cm™!)

777V ~e—-x2ryv (FPE) 0.0001~0.01nm  {0.001~0.1lem™™)
FREEEET 7 4 v & — 0.0003~0.003nm  (0.003~0.03 cm~")

FPE o & X EBRTHOWRCERAT 2 UEI LSO CHOTHFEF LELELY S M,




MgOR %5 FPEXHEBEACLE THEETA IEEYRINTOILEXH Y, AHET
Taad —RERONETTOBEELSYRIRPERIKTON, B+ (Xl4T) 2 FdH
BIEREBCEHEL T, £or0RRMCRREE, TOWELTRETL I LTl - TEE
ETLrd ARAYECRAAERHOETF 74 42 —MRFXH, FOFBHNTIh T
B,
DL%¥ELTEZRM-CW 54 #—TiXa vy + SLTTRENERENDOC, BEHO
FH7 g —RGHEERTLELTERLL,

EETYH7 107 —OFRERLX7 7 7Y~ e —HOFHE7 1 A+ 2 -2REL, 7448 —
P L CERCE 2N T530:T50E, 7442 -HEOE AT,

_ T
T 14+ (A /mr A APsin{mrd,cos8 /1)

T 4.7

i s, 2L, A, Ty, A, 44, m R AEEOEE, EEAMLCHT S -7 EBRE, bl
Wi, FELXE, THEOKETHD, 71102 - AROBHFRIL L T5, AHAINE WL
B, F=0/nnit= e Y ERDERR) oBFRicd b, TEH7 1 A8 —OEBEEEIEV-H
BUERFBRINDIE - ARN ARG ECHEETALERD D,

2BECHERALATE 1 2K, C—2fi 0t aL 5imay 2 — Ltk
BRECAF IR ZOF -2 ¥H 1T TRT,

X

w B a
27°C
(45°C  Ac=777.40 nm)
c 20
[~
]
K]
E
0
E 10+ 0.021 nm
—_

776.68 776 55 777.02
nm

Wavelength

B 417 BHEETE7 48 - oBREREERE
Fig. 4.17 Wavelength transmission characteristics of a narrow bandwidth
interference filter



4.2.2 #¥E%E (Geometrical Form Factor)

REtErE LS s 0B RHEATRC LTHREYBRET L X 2B b L 8N%H
& (Geometrical Form Factor, LLF GFF LBE¥ | crossover function & %?ih%)”‘“”
DEGLERTER D, GFFRAST O S EHCHELEh TEESHDICAL VY~ ¥ -
DS LD EREFOHGEAEGTHEhRRD S, HIZRM-CW 54 £ - CiIFRXOEE
PEBNTALHICHEBEY /S (RAEDT, GFF 0B8R ¥\, GFF Ity —¥—
E- ARERBENTNE ST hS8ETEL RN, ERICERFKy, TREBREHOTE
RTOFECAKEERETBELI TR, v—F - 2lEOME e 77 14, V¥ —
E— s b EESEROENEECLEFET S, SO E«OBEBERY S DO T, ERET
He—BEgronl#ETchs, Lk CTEECERN AL L L TRERTFRBELKES
KRGt 5 RELEATEORIES» OERIICRD A I LA TR T LA, Z0kk
IZGFF 0BRMERIEHTHS D 20, REHMTH 7 A2 % ETH AT 20BBENL
BRI TN T2V THEBRBH LTI LENS Y, GFF Ot EREERR AL
B, Lo T GFF oitBaiionizd st 31 4 —oRBElrEE Tt b
PSS ETHBFITF VA TORVBAETRAER T, RM-CW 7 1 £ — Tk GFF 231
HETHBOT, ¥—a7 w72y /AL LTRAT, 7REEEL, FEBTERESZT-
T, EEZHW GFF 2HEL 19,

LTefBEolmadR~<s, M4 1BCGFFORSLHBTIL0OEAR YR T, v —F -
PR wy, Eo-AEAD GCEE) Tk v — ¥R R TR w(w=/u?+{ROP)
IEns, —H, EEEORTA CEA) s3BEEy ATHHT “Kh™ &v)) oFEL
HEBoRSoRTRoLND, BER ToREH GIno¥E »n) oRNELE T n=r+t
RpLizh, AF 58 LLTEEHIAYELAVLE LR R4 18 CHEBTCRLEEER
DEELXRERERR TED LA, RO E- THHE (4. Bcldmdhtuiov) THRESA,

B 418 $EEHHROMER
Fig. 4.18 Concept of the geometrical form factor (GFF)




ERfARcEZibhs, CITRBHBOZREBI+TREL, T 4 45 — 2 BAERMEL
KRrFI~Ttishsd0 L T35,
Ve — ROBEMEE F (0*, B) & LTI TEMy,®— V!

F(r*, R)=exp[—{r*/w(R}}?] (4.8)

EHONYAE—s POIEER TOV - KB HEAEOERE w(R) ZMEMN /e &
BAESRVE b - L b —RITH D,

1 r=wlk)
Fir, R)={ (4.9

0 *>w(R)
TEBERDLAT vy 7RO a7 v A ALY — 2AMH L LTRSBVBIS, FED T
NELTEBARTRA S A - TR DLOAT Y — A B EIELAOEEE CRIFETIE
TV A-+END, GFFOUELZEET L0 Y ¥ — ¥ - AFENAT » 7REE{LT 2 7
27y A AMOHBESTLALEROERCHESNEVOT, RHETRAT » 7RO a7y
Tnrlvh, ¥7a8e 25, 7ROBBIAFORECER T,

HEEHVBRT DL A KEE TAHELUS v F 2 BHCW 54 £ — DL AT A — & %
FA2WWHR LY, 2T 1IR3FELTEMBERCREIRL1IEE (Fa b 84 7)00 £
FA2RBERIEL LT oRRBETH LY,

Sassen LIV —F—DE— AAN Y CEERFOHEB NS LV BEYI Y LB
X% GFF o5 XEFROREL LTH-TW3, L L, KEOEE § 1L EEEO GFF
HHABTLDOIEE AT A -2 —Thh, BEREHE XV - F— - ADEAD L DETUS
ZEIE ST, HATGFF BHUNE A bR C o ENTES, SRR 2ELLE
RERETTTHD, FHETHRERBERENE - 2K OM2EDBEYIRIES,

SRFETFHRCBEDHER ST Y —F — E— AMENERED DL & [ U SR (il b
3L EEBOAAKIIDOTn vy A A RLTWLEHEEOGFF #F4.19 R/ L, Bty
7 ARMD L EFDGFF, WHRIIAT 7 ROEEDGFF Tt %, V—¥— - EESEHOMEY
AFA=F LT D, AR S L GFF kAT » 7R b0k b, AR LTE
LD, HENBTL DI ERSDS,

R4.19DFEEARREOE CEEEYACLHBETHD, ~RCESEHOE - HHsy A
WARLEBCHAERYR T A LA TR, BAERARCMSL LR OMBEOREINA X
ith, RA2OETALRMEL, BEEHAESEY 2m, BMof% 20cm, v—¥— « SEE
RIERE Y 20 cm, 9 OB% 2mm, FXEBOMEY 0.2mrad £ LTEDEBY T L L
DFFFEFIZE 4.20 R L, K4.19 CHELhLEBRIL BN iy 2 EH~ (4=)4~6
mmTLLlictihc@bonsd (EAERFINLTA/F=0.2~0.3%). ESEHCx$%
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* 42 B[AFHHROHEICHVI - RM-CW 51 £ —DXF 5 2 — 5 —
Table 4.2 Optical parameters used for the calculation of RM-CW lidar geometrical

form factor (GFF)

E o | EF N2
L= — AlGaAs v — 4 — AlGaAs b —+ —
i 3 780 nm 780 nm
27— 30 mW 50 mW
- F B - B o—
E— AR 0.5 mrad (.2 mrad
Bl vaaz—F M #F| M %7
B 12 & (BEIHT 4095) 10 & (1023)
B/ v 70 v B 60 ns (PR 57 fEEE 9 m) 60 ns (9 m)
LEE Aty v RIR S vaigbhesvrBEEHK
% 15 ¢cm (13.5 cm)** 20 cm
p= =4y 3 1.5m (40 cm)** 2m
HEELr — v e 15cm 15 cm
E50nE
AD = v i % 3¢y FAERKME 6w ~EfHEME
HREE AR A=

WRA/F B U GERY R, (Z0OBE 600~1000m) E35 & F/Rci@iES Ly,
THEBTLLTFE 742 %@Lk, XROAHARLI T4 A2 —DERENRR
Bo LMo TE =7y b LORU—m2 i K T ERBCASTHEMNELD LB - 0
B ELL, LIER-TE—7 o M FOEEPLORBEOVCTHERSI YT HILEND B,
AU OFEBEYMTEA2 2T 20 D>VCTEBHE LLAYE4.2] KR, B
LV —Y—oXEILI5cmOEBECTHBESL, 0. 3mrad 0oAF TR LTW3, HF& b
EaEsbimmBEFCBIR, SEEEIm D) g — Ly X BT ABSVHEE
LTwd, THE7 42—l LCEEC S » AT 3408124, HER20mO R
Ty 7C2000m ¥ C 100 KO EY Tk, K42l DFEELS fu=5em D & BicizFiE7 «
AR —ORELE CQXA0=0.5m i LT, GFFREHE2km o F 2 F ci3iF 5% Lo
HaFTI ENnTn5,
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H 419 FEETFHACBEOSRFFRHROHE
L — - AMEGBAA a3 L, EEEoXEAEe3 DLBEELFRALLT
Mty D7 e 7 r A AR EE. BRIy AE, BEREAT 7RO - AMiEY
T, R4 —F-BF42EFLD)

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
heamn profile ; Broken line represents step-like beam profile. Other parameters are
the same as those shown in Model 2 of Table 4.2,

107 e
iris
=z positiong
o
._..
(8]
=z
T TELESCOPE
o DlA. 20cm
[ F= 2 m
B05F L&T 20cm
% . 0.2mrad
o iris 2 mm
o
| O]
0 100 200 300 400 s00 1000

DISTANCE (m)
B 420 BARESARVGBEOIHA (Ri42xT4D

Fig. 420 An example of GFF calculation for a long focal length (Model 2 of
Table 4.2)
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x
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H 421 S8FT EWETE7 A2 —) 23UBa05EH

Fig. 421 A GFF calculation for a case with a narrow-band interference filter

4.3 HBBFL—V—R/ES L X LRECW 5 15—

DL %% &5 RM-CW 54 #— (LU FDL-RM-CW 5 1 #—) 2#iss<, 1 AcHl
T, IkmBEECONT « =7 n vy A< BRYAETE BB (—BOTTHERE
LRBEOHBRYIE) v AT A THE X BEELTINIENHHREMENBHABRIA
To GETIRIBEO LR HALL2BWPHEIESh T 52, WFhb~y F Bl
O« S0, B50BE, <y oy (HE -8B E7 08 038208 2h5, XE
CFIDL & LTit, P4 780 nm fHE D GaAlAs-DL WA LT\ 5, #oMRAIE 4.2 1057,

1 DIODE LASER CURRENT l !
= (¥ MRENT | [cooem | | CORRELATOR |
RH-CONE
T-MONITOR PELTIER o
[-ourroe] COOLER LASER GENERAT. | &m-cope cPU
CONTRL

HIGH SPEED
MULTHCHANN,
TELE- RECEIVER INTEGRATOR

B 422 ¥HEv—¥—RM-CW 31 # —v 27 2HEE
Fig. 422 Block diagram of the DL-RM-CW lidar



I SERSCTR O RFE T, RENABCL D ¥ TRECDEESRMA LRI, TOEEOER
i lenb, 2EOBEEENTH, BE DL & LTREREORMIZ S h T 30 mW
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
viee7a b FL4A—F (APD) R RHGTHEIEL AR, XBETFHEEE (PMT) cEELt, =
NoDORBEORER, =70 Y ABRESHORBNEC KT 2FEERS Lkm L hot, &
BOEREXN4.23(a) (b) wiRd,

Bl 423 RM-CW 51 & —%§
(a) ~y FEf, (b)) BELEH

Fig. 423 (a) Head part (transmitter and receiver) of the DL-RM-CW lidar, and
(b)) signal processor and a personal computer
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BED-27 24— —ORERLLYI 5 TiL, FTERIHE MRFoREALEL S, =
i3RI N E R oM DLoE#EACH T2 REEE, FHER 0PN A LERE
(ghost ) MBI, FEABORCKISHARE MAIIAPESOMFREERTHLE
Bb %o W7 v F AFFETREBER L LT 4, 0 CHEL TR —~E0EB2LE LT
Bo U=ty — R E < EAT B bR FURIIE (40 LTI BB
MARETE AL EAEELY, HHLLRARTRILER R 2~-3ns 2 E T 50T, &
BABOROEERELEBLT, 4 LT1BHTI60ns (AR=9m) %, 2B T 40
ns AL (ZoRREREEOKGERBFOREREE LD LTl - THBECELLR
5)e MASORBIHFOBRM 2 IC CESLBERAEATLTLABL 5 TALDHT ~#
EWMORAAET L 7 v 2 A2 DE5R55EIL, MOAREEL I/ScBeto i,
RIS OFH L2 128k (22—1=4095) 4:BIR L. MAFIRABEETHL2DT, &D
A5 (9mx4095=36km) O CEFIEBATEL ZLALETHE, togk
BTl Sh3, 25 T4 1 EHTs L, REL W RETOREREDK
B 12REBRLIH LT B,

DL & LTI E—RRTHBENORTRERTLLEL, ¥+ —TORAEERL
oo B ImW OFEF LD, BEIOEFHIERLIEBTOIH LT, » v — FhRFRER
OHFE LD, 30~100mW GEX=) 4 -2 -BRERZO %) OFTFELRBELTV
b, BEAXBHEOEZSIHOEMATRAZ B0 B0 OLEALN, HRORETHE
h o DL 2 TEH L%  MERAR S AR RE SR L BELAEY - BEC L5 %
DT, BEOCLORIELUEFEHL, 23 —ERTHHEON 12047 — v A CRETH
By V¥R AERECE R EFARFERTCER LA 2 F Ly X T 0. 2mrad BTFD
hrv@Ec=y 2~ bEh, KEPCEHEWE, V- ¥F-—XOFBR2HR1IHOY =z v YOF
AR (H4.288) omEct - THEIhS,

REHCHALShTRE- T ERESER 7T ~+ 2 TRLAOYEERIC L - TH X 2 h, HEBK
HICL - CTHEFAAHREIRAET, 2l 2 -2 - LY A TEFRLCEh, BFHFE7 1
s - TER¥EYH » + L, XBFHEREE (PMT) ¢2X3hs, RULBEGERTLOBSLD
PMT ofih b it APD ¥ SXEF EE 2 T W IRELEE N AERBREB CESNZT LA
Feote T PMT B2, ¥/, 1B TR DLOREYREE Y « v 2 —0hLERON
iz OEERYF 22RO 7 4 A2 —DBEBRENE L AL I IRERVEHTATECA-L
2%, 3HD7 4 v E ~DEESEN—FeT, | FBIRBETERTAZ L L, BESEY
Mid L, 2 BHEREBEY L g —DRLEREZT 4 — KAy 22#IT32 L LT, 0.30m
OBREH7 L2 —FEHAL, BROMELMEE Lo, LL, &RHFLLTE, BESHHA
wwls DL OREERITAEEROT, FRELCLL VY —F¥-ORREROELE L RTH
W, 74 =¥ Ay 2 LTb TR EET A b0 LRbh b,




BSAERRIIZORM-CW 74 ¥ —TRLABENLHSTH L. MRFIBDS v & 52—
Fizk s TER SR v —F =X, KKFOHEABOEHGMCL - THRIZNERKLD =
VvENLM—vavERESTESTERLELTEEIAZ., chYy MAFIoANRT AL U CERNC
BoAL I 5ERHIATVD, TOLHERITROLC ) —AOABEEESYELS T3
EHPEIR T3, FREEEXTFT4 sk T5 ADEBRBRIIY P ERFERALTV5, =
RRADLE#NES LTESV AANEGESTIIEEEO 7 1 A2 —OFRRI s TERMTL R
FHEEB L r-Tk Y, THLBETHL, ERBCREIAD T4 v 2 {LERLBETI
EEFTRBEIRLLEFr v AACEROMAAELT A B, HA5VIHEREER
BLTLIEA—YFAaYEa— 3 AF— 2 BEREIN, FOLCROF-FHREILD (2
S, COEREBAERNKIEZD /L —7 (HFAE) ClTHREIALbOT, ¥
HHRBAERETSh T, 258 MAFFICRL YD) EEORBTRYERLOT, B
HDANAFTAL—BELTHRIPRIGAUELETHD, 25BOEHELYE 4.3 TTT,

* 4.3 DL-RM-CW 7 1 # — 2 S#to{li
Table 4.3 Specification of the DL-RM-CW lidar

HEERE : (=7 e VL) 1km (&, BHEEHL) 3~5km

Lo GaAlAs DL

B OB 776~780 nm

oA 30 mW

E o ARAD 0.2 mrad

e s 10, M FF) (N=1023)
By v 7 AEH X 12 & (N=4095)

B 3 B 9 m

o He S VR AR

FHAHEF (Celestron C-8)

oo 20 c¢m

X kg 0.5 mrad

;:&7 T AR — AV FiE 0.2 nm
elias PMT R928
Eg 1t

AD B 3 ¥y b

HBARE HAF- ¥

W - R ey rriv=y
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44 FLIvAFrb—¥—HUF FLCW ¥ —

4.4.1 BREBLUSHLHCW T4 F—DBR

CWo7Aavr A4y —F—i1454.5~514.5nm OFERITIH 7D 9KD A2 b AR TH
BRiET 5, ches1F—0XBEL LT, 2HROF 1 ¥ - 27 A %RAMFL, TOoRRAEY
B L7, AT A F =k, BREOV -V -HIERA—KRELEL o=z —RitRHT 5D
Tx7 e S AOBEOEM, EFRNSA LRI A XL LTHHEYPTHE, TAF
VAF VL - F B RERRTHHOT, TOFHV —HHCFIBT oo, BUF v
Z oo PERENTRIRTHD, BT v &F sz — VERECELTRECE 2 Eohi,
A AT LAOERYEL.24 0T, v AT ARV -—F-RUEHABE»L L L LER, BE
ZEAEFROCDAB»L L HRTEH, BERERRU -y rravda -4 bl bHH
MERO IWE VBRI T 5,

(1) v—9-EERH

EFHERERRERO V¥ - X ESAEANERS (EOM) X hEBLUZ v 74— FTHE
EH2hs, EOM 3@EORERASTH L2, EREECH T 5 EBRESRRCL D RELD
feow, AWABENEREERLES) 120v —F—FEEC 100%ERAL ML Ty, Bhof
THERVER T FETE5L\/ L5 E035 5, ZRICIRHERD v - ¥ — % 1002%6EHT
EAFHBEAYFET 20T, BEEOEOA7 - 10%FIETAZ bxTtaiowd, EHE
FIRE & e Biev, KR LM, SEZXEMLHHALBEK» ABRELCREZATWSDT,
EOM X h v —F—Hit¥7r 4 A= —7 0 (HH, =7#20: 7=y, 2£80m)

Computer
system
Muiti channel

v, pA2 counter

E 424 BFEEHLS v FLACW 745 - DOBRKE
Fig. 424 Schmatic diagram of multicolor CW lidar with a random code
modulation




X OREEESICHEIRD, X7 s A A v —F—HED= e Fv I IEREON L v X
BRAVCED, v—F-HOE,LREEEHEE N coRRYRE, EEREkE 7 M2
TR AR G BB ThH -, BEDEFHIOES0 mm, HAEERE 200mm D» 4 5 OBER
By A EFERALEOT, EEXOERI AR lmrad TH -, EWERBEXORIZE, v
YARDGWAREE R ADT, Trrw— V0N A FHAFREY vy XRERCEHTH S, B
ZOHD VAT, EAEEIERCKRTEL, LA TELYBRSERCEFT S, &KX
DREF V- F =7 =500 mW BE T, HHWOmW ThoTo,

(2) #IxZEHW
FEWMIMABECTRTLESE, Ay v v HERE (F=8, /=50 mm), 25un ¥ =
=== —RG¥R (=2 G250GED), 2 H5OKETFHHE (R-300) »bid, BEROR
WRONBOUHAY » tHEILVY —F—RICSb¥ TErhi A FArx )y bICI DieEh
Do F7NAN o VERABZ LT L o THED 2 OB REYBLELNTES, V¥ —HE
I ARFORL VEEMNRELLEVWE S, XEHERBIAHAY y roBRE LB TV
B, BROBIKBAHAY v V BEE2H LI > TELAZENTEDS, 77— &F
HEFHEEE L VAP BEWA 2 AR I 2ELYBREOERYY C LTERERBRIL LT
VWhHy AV oy FBER0.6mm &AL, MEOHFAR L. 2mrad &7 h, ZAREET S A
7P ASEERL.20m s, KETHEEEAOOLEBETF A AREREE R, TTL A2 21T
B Ehicthie, ~AFFrvianrovyrclnshb, BEIhic or ABERA 10 7 8

-—‘l SIGNAL

TELESCOPE PM HOUSING

MONOCHROMATOR

B 425 #ELXZEER
Ko rAA—SEACREFRSF » v 2 AL T2 50, BB EECL LT
—EETAIDHE TV X ARG 2 F v v AAFHBEHCTW5,

Fig. 425 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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B 1007/ HECHETHY, AFE20 S/ BOBB L2 EHLE,

(3) E54E - HH

BEAERIIMT Lo FHESR 2 RS 5 L v 5 AxBiE, JER L ORIScR -l
CWSA D3O XERNCRAELLIOTHS, chiR2RFod s v BEXE T v v
2, MEH, 2HRHEOT7vFL2-VRLIFUED 005 FH) bofcAe) L hNEHh
Twd, Zry 2Bk dt E3ThE, NAt oBERECHIGT 2HIEXONEF A ASBN
EMo s ) -BEIRD, MEIhLF— 28U v Fao— VEOHTHAB ELAE
ARG ERcHEI A, 2ERCNTA - L LT, FATholERed U C#iElBOoR
MR ERDERD, TAFF+vRAAT 2 BEDHNENZIXIW o v /BB B
B, RANT » TR IDBEAEFL L L BHBBLYET DT, 2X1 sy v M /BEEOD Y
VAR AFRRTHS Y (H2EER)., BHo=7r Y AORIETAEFENLIE-0OT,
EFHEEOMMNBEEY TT T, FIBY¥ T, ABHAY » P *¥FALZHLT, £27 VL
EHAIoWMEACASZ IS LithiEl by, BEOERES C~3km 0AEEDO=7 o
YARIE) T30mW DREEAY -t L eBFESEER 10y v P BETCH D, TheXTt
LEMTOERKO Ay 77/ 70 v VEIBT 2 Y v b /BBETHD,

4.42 BRX:ESHEL

(1) HEEoWE

H2BTHRHALAGEO SN ik, FEXCREEFN L, —FOoHEX LD
LLTWh, CoTHECEENOBLE LW TERLTE L,

WELV - KRR TREREOLARREL T, —AEN Fr v 0y M EE
DiEL, &EF+vALEBESR» v b n b T5, 2Ot LT F-DLEY
FHBEETTV, B &5,

B={2/(N+1)}Za ,pn; W)
B.ORIREE B Vi n & n,DAREL L,

B=E[B]=2n/(N+1)
Lith, B DG#as(k) X

o*s(k)=E[(Bi= BY]={2/(N + )} EZaisa; aB(ni=n)(n;—n)] (4.11)
LFEEIRD, op(R) BRI AL > THEHARILSAD, TOTFHHAZT L LL T %

2Tk <o



0t =(1/N ) 0'5(R)=4 N/(N +1F 50— 2 2 (N =)V N*$(i)) (4.12)

Thh, &2Tduli) i n, 0 OB TS 2,
FF e VEANORTEME 2, B I E Rl T D LR TED L FICILGLFO)=0 &L,

02z=4 N /(N +1Fd,(0) 4.13)

Eled, 7], BRAOESL FCHVGEENS Y, oA EBERS5 & X, jOV WL
Edu()S1E 2B ES(N—FYNY/)>0TH B0 T, & U.12) TEEH D o%pidst
(4.13) Do LW PEL B THAS, VA LAFHCTIHEBEROI B HE LR LN TE
LI EETLTw5,
EEOFEXOMAMELANLwIn, BRIV — ¥ —%xHEIRhT, SagofiFcA s
FREFAE L, vAFF+FAa0 v 2 CBESRSEDr 7 v V ROGH L ERED S
#R4.26 T, i, £F -2 OFHE L£O5H RUEREOTHELSHHEDR
PELTRAZBLIERYR4ATRT, Chicl TR e HBlokv-£7 » v v Th
B EDRhB,

(2) SNIOBREMELRE 7 ~ORES

HIETHMLALL S KEREISER G L 21, SN TR v r OFFRICL
BL, BwEX v —CHATE, chi@ErdLbE, H427TermTI5 0@l 1kmEEn
TBYO= -t XORMEH L =T e Y ADESDO SN A ERMEEOMEE LIBIEL,
EEZHALYAEE Ty, COMFERXRLW 2 b 10d e v P ECI0 A -4 —
Elesgt, BEAZRLSN EoHEERAR4.280FT, 7, ZEEFEHEOR V2T LD
TLkoT, REAT7—®ELT, SNIERUEL, BERWALTAHL—-FHTo LB
(F4.29),

443 TF7RVIADHE

(1) vvrars—nflE

5 5mmE—WEFIF— LV BREIRA-EMOo=7e VYLD A A -7RYR4.301C
T, BAOKGFITWEXR D TE b 2o RBBTH -1 (1986/9/11, 3am). PR EE
(R) mbo=a—(E81%

P(R)=CRY(R)R)T(R}/R*+Ps (4.14)

LT, B(R)IHFTHELRE, Y(R)BHFOBEAYBIN, PREREME T(R)ZHEMAH
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before correlation

100 200 300 400

o -

after correlation

B 426 WBEOEA YV OREEEREODR
FHEBE b n/(N+1) £700, HHR DL /(N+1) EraTu 3,
Fig. 4.26 The counting distribution of the background noise (raw data) and that of

demodulated backgroud
After correlation computation, dispersion become o?/{N +1),



Ed 14 BREREOET — 7 RUHBYE - 28 OTIHE & FHE
Table 4.4 Background light value raw data and the average value
and the variation after taking correlation

FoB o #
HEERE f£7-=# @tk L£7-—# B #%  suppress
<#ni> <bhi> 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
h.sc""e
ooo
gog
Wz
15 m-[ L= —HBE Rk 8 BB
| tea b
_'5'67 7oA
|-—.——._ 12y ————u

K 427 =7 oY roNERBR
Fig. 427 An outline map of aerosol mesurenent

HnehbdH, ERFHIHEREEROBRYESE S,
T(R)=exp[—fa(r)dr] (4.15)

BHMELRE & MEREABRC L b B & Fid,
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Fig. 428 Background dependence of S/N ratio and time dependence of the
concentration of aerosol
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EEEERO I REX TA7 -2 EL T35,

Fig. 429 Dependence of S/N ratio on tramsmitted power
The power was limitted by diameter of iris.
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X(R)=(P(R)-P)R* Y(R)
=B(R)exp[*fa(r)dr] (4.16)

LicdiaT
In(X{(R))=InB(k)—2aR 4.17

ERBOT, EUOMENLeRRDBILATES, ThE AR TGS, RLILK,
FHAREINTV-2, ChhrbfBErbinn s, 2.2km &ir s,
AW ESME 11 HBETI5 A & CBERER LT -7, In(X(R)BBERFLORLE
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Fig. 4.30 A-scope picture of aerosol scattering by a single color lidar
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Fig. 431 Measurement of the visibility by the slope method
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DOESEFIECERREE LA EEFEL TS,
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2 432 (a) =7we s AnRHEL
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' Determination of argal growth potential by algal assay procedure— 1978-1979,
(1981)
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Comprehensive studies on the eutrophication of fresh-water areas— Summary of
researches—1978~1979, (1981)

Studies on effects of air pollutant mixtures on plants—Progress report in
1979-1980. {1981)

Studies on chironomid midges of the Tama River. {1981)

Part 3. Species of the subfamily Orthocladiinae recorded at the summer survey
and their distribution in relation to the pollution with sewage waters.

Part 4. Chironomidae recorded at a winter survey.

Eutrophication and red tides in the coastal marine environment — Progress
report in 1979-1980. (1982)

Studies on the biological effects of single and combined exposure of air
pollutants—Research report in 1980. (1981)

Swog chamber studies on photochemical reactions of hydrocarbon-nitrogen

oxides system—Progress report in 1979—Research on the photochemical
secondary pollutants formation mechanism in the environmental atmosphere

(Part 1).(1982)

Meteorological characteristics and atmospheric diffusion phenomena in the
coastal region—Simulation of atmospheric motions and diffusion processes —
Progress report in 1980. (1982}

The development and evaluation of remote measurement methods for environmental
poliution—Research report in 1980. (1982)

Comprehensive evaluation of environmental impacis of road and traffic. (1982)
Studies on the method for long term environmental monitoring—Progress report
in 1980-1981. (1982)

Study on supporting technology for systems analysis of environmental policy

— The Evaluation Labolatory of Man-Environment Systems. {1982}

Preparation, analysis and certification of POND SEDIMENT certified reference
material. (1982) ‘

The development and evaluation of remote measurement methods for envirgnmental
poliution—Research report in 1981. (1983)

Studies on the biological effects of single and combined exposure of air
pollutants—Research report in 1981. (198%)

Statistical studies on methods of measurement and evaluation of chemical
condition of soil—with special reference to heavy metals—. (i483)
Experimetal studies on the physical properties of mud and the characteristics
of mud transportation. (1983)

Studies on chironomid midges of the Tama River. (1983}

Part 5. An observation on the distribution of Chironominae along the main
stream in June, with description of 15 new species.

Part 6. Description of species of the subfamily Orthcladiinae recovered from
the main stream in the lune survey.

Part 7. Additional species collected in winter from the main strean.

Smog chamber studies on photochemieal reactions of hydrocarbon-nitrogen oxides
system— Progress report in 1979 —Research on the photochemical secondary o
pollutants formation mechanism in the environmental atomosphere(Part 2).{(1983)
Studies on the effect of organic wastes on the soil ecosystem—Qutlines of
special research project—1978-1980. (1983)

Studies on the effect of organic wastes on the soil ecosystem— Research report
in 1979-1%86, Part 1, (1983)

Studies on the effect of organic wastes on the soil ecosystem— Research report.
in 1979-1980, Part 2. (1983)

Study on optimal allocation of water quality monitoring points. {1983)

The development and evaluation of remote measurement method for environmental
pollution— Research report in 1982. {1984)

Comprehensive studies on the eutrophication control of freshwaters—Estimation
of input loading of Lake Kasumigaura— 1980-1982, {1984)

Comprehensive studies on the eutrophication control of freshwaters— The funmc~
tion of the ecosystem and significance of sediment in nutrient e¢ycle in Lake
Kasumigaura— 1980-1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters— Enclosure

experiments for restoration of highly eutrophic shallow Lake Kasumigaura— 1980-
1982, (1934)

Comprehensive studies on the eutrophication control of freshwaters— Seasonal
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?hangis of the biomass of fishes and crustacia in Lake Kasumigaura— 1980-1982.

1984

Comprehensive studies on the eutrophication control of freshwaters— Modeling
the eutrophication of Lake Kasumigaura—1980-1982. {1984)

Comprehensive studies on the eutrophication control of freshwaters— Measures

for eutrophication control— 1980-1982. {1384)

Comprehensive studies on the eutrophication control of freshwaters— Eutrophic—

ation in Lake Yunoko— 1980-1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters— Semmary

of researches—1980-1982, (1984)

Studies on the method for long term environmental monitoring — Outlines of

special research project in 1980-1982. (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur

oxides system — Photochemical ozone formation studied by the evacuable smog

chamber —Atmospheric photooxidation mechanisms of selected organic compounds
- Research report in 1980-1982, Part 1. {1984)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur

oxides system—Fornation mechanisms of photochemical aerozol —Research report

in 1980-1982, Part 2. (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sul fur

oxides system — Research on the photochemical secondary pollutants formation

mechanism in the environmental atmosphere(Part 1) —Research report in 1980-

1982, Part 3. (1984)

Effects of toxic substances on aquatic scosystems —Progress report in 1980-

1983, {1984)

Eutrophication and red tides in the coastal marine environment — Progress

report in 1981, (1984) :

Studies on effects of air pollutant mixtures on plants—Final report in 1979-

1981. (1984)

Studies on effects of air pollutant mixtures on plants—Part 1. (1984)

Studies on effects of air pollutant mixtures on plants—Part 2. {1984)

Studies on unfavourable effects on human body regarding to several toxic

materials in the environment, using epidemiclogical and analytical techniques—

Project research report in 1979-1981. (1984)

Studies on the environmental effects of the application of sewage sludge to

soil—Research report in 1981-1983. (1984)

Fundamental studies on the eutrophication of Lake Chuzenji — Basic research

report. {1984)

Studies on chironomid midges in lakes of the Nikko National Park

Part 1.Ecological studies on chironomids in lakes of the Nikko National Park.

Part II. Taxonomical and morphological studies on the chironomid species

collected from lakes in the Nikko National Park. (1984)

Analysis on distributions of remnant snowpack and snow patch vegetation by

remote sensing. (1944)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur

oxides system—Research on the photochemical secondary poliutants formation

mechanism in the environmental atmosphere — Research report in 1380-1982,

Part 4. (1985)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides~sulfur

oxides system—Final report in 1980-1982. (1985)

A comprehensive study on the development of indices system for urban and

suburban environmental gquality—Environmental indices—Basle notion and forma-

tion. {1984)

Limnological and environmental studies of elements in the sediment of Lake

Biwa. {1985)

A study on the behavior of monoterpens in the atmosphere. (1985)

The development and evaluation of remote measurement methods for environmental

poliution—Research report in 1983. (1985}

Study on residents’ role in conserving the living environment. {(1985)

Studies on the method for long term environmental monitoring—Research report

in 1980-1982. (1985)

Modeling of red tide blooms in the coastal sea—Research report in 1982-1983.

{1985}
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A studies on effects of implementing environmental impact assessment proecedure
—With particular reference to implementation by local governments. (1985)

Studies on the role of vegetation as a sink of air pollutants— Research report
in 1982-1983. {1985)

Studies on chironomid midges of some lakes in Japan. (1985)

A comprehensive study on the development of assessment techniques for health
?ffecis due to environmental heavy metal exposure—Final report in 1982-1%84.
1985

Studies on the rate constants of free radical reactions and related spectro-
scopic and thermochemical parameters. {1985)

A novel retrieval system for identifications of unknown mass spectra. (1986)
Analysis of the photochemical secondary pollutants and their toxicity on

caltured cells—Research report in 1978-1983, (1986)

A comprehensive study on the development of indices systems for urban and
suburban environmental quality I —Environmental indices—Applications and
systems. (1986)

Measuring the water quality of Lake Kasumigaura by LAMDSAT remote sensing.
(1986)

National trust movement in Japanese nature conservation — Trustworthy or
illusion?{1986)

Economic analysis of man’'s utilization of enviroamental resources in aguatie

environments and national park regions. (1986)

Studies on the growth and decomposition of water-bloom of Microeyctis. (1986)

Studies on the environmental effects of the application of sewage sludge to
soil{ 1) —Research report and papers{Part 1)in 1983-1984. (1985)

Studies on the environmental effects of the application of sevage sludge to

soil () —Research report and papers(Part 2)in 1083-1984. {1986)

Comprehensive studies on effective use of natural ecosystems for water quality

nanagement{ I )—Drainage and flowing down of pollutant load— Research report
in 1983-1984, (1986)

Comprehensive studies on effective use of natural ecosystems for water quality

nanagement (I ) —Structure and function of the ecosystems of littoral zone —

Researeh report in 1983-1984. (1986)

Comprehensive studies on effective use of natural ecosystems for water quality
management (Il ) —Self-purification in stream and 301l-Research report in 1983-
1984, (1986)

Comprehensive studies on effective use of natural ecosystems for water quality

management (IV) —Development and application of wastewater treatment technolo-
gies utilizing self-purification ability—Research report in 1983-1984. (1986)

Effects of toxic substances on aquatic ecosystems—Final report in [981-1984.
{1986)

Studies on the methods for long-term monitoring of environmental pollutants in
the background regions—Developnent of highly sensitive and selective analyt-
ical methods for measurement of pollutants in the background regions —Frogress

report in 1983-1985. (1986) )

Experimental studies on the effects of gaseous air pollutants in combination
on animals. (1986}

A review on studies of the global scale air quality perturbation. (1986}

Technological assessment of electric vehicle from the environmental protection

viewpoint. (1987)

Studies on chironomid midges in lakes of the Akan National Park. {1987)

Part I.Distribution of chironomid larvae in Lake Akan, Lake Panke and Lake

Kussyaro.

Part II.Chironomid midges collected on the shore of lakes in the Akan National

Park, Hokkaido(Diptera, Chironomidae)

Formulation of the dynamic behavior of water and solites leaching through the
field soil. {1987)

%ppraised landscape and thier environmental value in Tsukuba Science City
1987)

Studies on remote sensing for spatial and temporal analysis of environment—

Research report in 1984-1985. (1987)

Studies on the role of vegetation as a sink of air pollutants—Final report in
1982-1985. (1987)
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Studies on environmental information system for regional environmental

evaluation. {1987}

Modeling of Red Tide Blooms in the Coastal Sea — Final report in 1984-1985.
{1987}

Application of X-Ray Photoelectron Spectroscopy to the Study of Silicate

Minerals. (1887}

Study on the Organic Aerosols in the Photochemically Polluted Air — Studies

?n F0§mati0n and Behavior of Organic Aerosols — Research report in 1983-1986
1988

Studies on the Organic Aerosols in the Photochemically Pollited Air — Final

Report in 1983-1986. (1983)

Studies on the Assessment of the Hazard of Chemical Substances to Aquatic

Ecosystems — Progress Report in 1985-1986. (1988)

Experimental Studies on the Effects of Gaseous Air Pollutants in Combination

on Animals — Final Report in 1982-1986. (1988}

Comprehensive Studies on Effective Use of Natural Ecosystems for Water Quality

Management(V )} —Drainage and Flowing Down of Pollutant Load— Research Report
in 1983-1986. {1988)

Comprehensive Studies on Effective Use of Natural Ecosystems for Water Quality

%anagiment(VI)—-Lake Restoration and Ecosystems— Research Report in 1983-1986.
1988

Comprehensive Studies on Effective Use of Natural Bcosystems for Water Quality

Management (V) — Use of Self-purification in Soil and Stream and Development

of Bi§logica1 Waste Water Treatment Technology — Research Report in 1985-1986
(1988

Comprehensive Studies on Effective Use of Natural Ecosystems for Water Quality

Management {Vll) — Evaluation methods of Self-purification Water Treatment Systen
— Research Report in 1985-1986. (1988}

Comprehensive Studies on Effective Use of Natural Ecosystems for Water Quality

Management{IX) —Final Report in 1983-1986. (1988)

Studies on the Chronomid midges of Lakes in Southren Hokkaido. (1988)

Development of Pseudo-Random Modulation C¥ Lidar and Its Application to Field

Measurements. {1989)
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