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Abstract

A mobile laser radar system for observing rapidly varying meteotological phenomena is
described, This system is equipped with a high-repetition laser, a high-speed scanner and a
mini-computer for data acquisition and controt for high-speed operation.

Signal-to-noise levels of the system are compared with theotetical values, and it is found that
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they are affected by the shot noise in the system.

An example of the observation of a stack plume and an estimation of the observable
downwind distance are presented to show the performance of the system.

For practical application, this distance should be greater than 1 km. The observable distance
for this system was found to be 1.4 km, thus meeting this requirement. ‘
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Abstract

This paper describes a practical method for determination of the geometrical form factar in
the iaser radar equation. Based on the laser radar equation and the statistical homogeneity in the
spatial aerosol distribution, the factor can be calculated from the field observations by laser
radar. Some examples of correction by this factor are also presented,
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Abstract

The mobile, computerized laser radar system at the National Institute for Environmental
Studues was designed and constructed for field observations of air pollution and the atmospheric
structure. The software measurement program is capable of 1) high-speed processing and storage
of a large amount of spatial distribution data, as a standard computerized laser radar system, 2)

computer control of the sophisticated steps required for measurement, and 3) realtime display of
measured laser-radar data.

1. ubbu )

1960 A Iy — = L — & — it & 3 REFOFH (Fioceo and Smullin, 1963) A% 45 & 41 TL,
F NI THREAOL —F— v -F-RBEOEESTORT S, F - 2 UROFHRCERT
3¢, ROV —F— L — -, FEE SR ET LOBETH S, FHLWEIR

1 BESTAERRRA ASEER T305 RNl Hiey
The National Institute for Environmental Studies, Atmospheric Environmental Division,
Tsukuba, Ibaraki 305

2. W RETREE (B TR

Environmental Information Division (Present address :lnstitute {or Molecular Science)



OFAFEICH - T 7 + o SREAR (Uthe 5, 1975), 71 o 2 VEBHRE, & 0 EDGRE, B
DF —~ FRBOAFEIE L —F— L —F— L 27 ANERBINTEN, BRATH, 20—~
ERNTF 4 A ARIEE > TF— 48R T b —F— L — 4 —DERNBLRINTINE
(Uthe &, 1975 ; McCormik, 1976 ; Grams &, 1975 ; Shimizu &, 1980 7 &),
ENATPRATICE O TR, KRBRE I AKEREOBRN2EIC, 3~ & —F)
HHEER Y -~ L - F - v 257 ADO[F %17 - T 512 ( Shimizu 5, 1980), HER> 27 ui3d
FOHRIGERTIRET AL 2ERLUTHEHIN, VI 77075 23RO L 5 5
BHEioTA,

1) BETF - S UBEEB»TAS L,

2) HENRL U ERESAITEER 2 o Y -2 —RRE - THIET 2 2 &,

3} HIEIGECTEERY AL A LOF— 2 NBETRLIFSC &,
ARTTHASEREOBEMIERINEL —F L — S — L 27 A DBIERIC DO TiR, &
D& ) BERICESOTRIt SN EHIAERFTR I - € 2 — & —FlHERE L —F - L — 5 —
VAFLADIDITSHHERY 7 by 27 P02 5 A0BRRICOVTEIET 3,

2. L=¥—L =¥~ A7 LOWE

AL A==l —F - — ¥~ 2 F AORERICE VT, ASHEESOME SRS
oy 27 AOBEEOBEKE T, "—F227BL0V 7 b9 - 7ORRELITH L EHE
BTk s,

s - - - - L - -2 27 ADITHEREIR AR BT, BEEREL 7
— ZLE « RBRED =T H B, ATMGEEEICL, AEESRISLT, BEDRF v, 7
-~ SUSEE, MEOBRIELEDORILL N SLORIEE~ FEBREL L, 212, F—4%
BT H 7 — 4R (5~ 2 BUESHE) 1005 U 1Y) B AR S h B,

Fl V=T HEWNROH L, AERERINE v —F— 1 — & — DiEE

# o ow® #

H E o 2 F- ST
A % o« F |F-FHGUE
REE(L- - BEE . | THI ] U T4
HNHR---BEHELE | RHI, PPI =1 CEYTILAEAL L
< /4F RHI, PPI
. EOAGE | RHI, PPI = CIVTNLAL L
C WS 7-56HEiE | RHI, PPI = LI Y)FAEAL A
< 1 RHY, PPI ,
EYY93¥E | RHI, PPI (=3 L YTAEA A

.| =aF RHIL, PPI

.

9



b-F—L = — ek ZAFENRE LTRAAEROEONEL OGN, BRABOKEELD
Bk, PHEEMORNE, TREMBICL 2RNGE, 7 v JASHEEORE, BROHORE
RETHD, BIRKINLODHERHE LV —F -1 — 4 —DRIE2 T LD TRLE, BTiCT
N6 DRI N THAT 5, |

—B Y - F— L~ —~DRIFEREE THI, RHEI, PPI T 5, THI (Time to height
indication) i&, HEENEHMICATEL, =70 S V—RTOHOBREELERES 2E - KT
& %, RHI(Range to height indication), PPI{Plne to position indication) 13225 2/kEHE B B L
EHMEERTAF + L, 7 VO RKIEANPHETEE~ FTh 3,

LRGRINAT, =7 0 VL3 HHES, SHL7 - 2 DIRIS21]5 B84, REI 254 %
TWATHRYET v vF RHI, PPL2MA %4 A T DET v 07 PPL % AEAIIET 5 B8 HA
BENL L, 12, ThLO2F + VOERIE, ENRTHIRLAREOALICL H, BEIKI
- TIRATRE/ZZ MR h i@ ER I h 2,

L—HF— L BT - 2 BIER IRV, —RICANE T — 2 R T — TSRO
R s h, HERTE, Ch2RBEHERICO U THITT 2880580, LT —
ST KB EBTITODENH AT LEESETH B0, AEF—4De=4 -4 58
Ed, (NELEF— 2DV 744 LOERIZVATLARBRINAFEREETCHE, BE
D= RFLOENREET S, GEOF - FESPLELAFICBV T, F— 21
HLRFHCLE, RTR2ITI T LE, NEHEOS» L AENTHILEALLND, COHER
HEMTH, MT2 L4 Xy s UTUERITS 2 1) 702 4 MUEBESTH L. — T, B
BEEORABILONEDCHED L I K7 — 2 ALBESHEIE, HEsERE b
THEFET 2L ) LPBCRY PV I LT ~RARARTHY, 1=ILOENELTET -
ZEUS & RS ICEENZIG L2 o0, R 2ITH L LMAETH 5,

FLICRULIZE H1E, —RIRAF » L 2T HER T — F RS SH L, £V 774 A
FHTMSEYTHY, —F, THIHIETIXY 7 v 24 ARRHARETH B, BRARBZ IO, =
2y HOEE oS etV Fi4 2B REEL THIHER 7o 3 4022044 707
O Y5 ADERR{T- 1,

3. L—H—-L—4-XFL0ARK®

(1) ~N—F%z 7R

HIE TR v 2 T AOBTEIR, L F b= — 2 F AQFELADN— FY 2 7T OHIEET
ST EREhERAND, RICENAEHAFERERIL —F— L —F -2 2AFLDN—-F7 27
BROBE 2~ 5, M 1IKEHE L -+~ v — & — OHERKR 21T,

CPUI NOVA- 02 TH 3, 2. — 7 —HlHSh 23 BRIEAHIBR (2> -4 7
SA44—, F424, MT)Ofic b 3o bLa—4—, BE, L—¥-REH, 777«
L w A= FNTHDL,



cprpy

LASER QN/QFF -
LASER =,

e

SCAN CONTROL GENERAL M R
< M PURPOSE o)
a.] INTERFACE

ra
ANGLE DATA -

LASER RADAR

TELESCCPE

SIGNAL
' @
T.R.CONTROL
TRANSIENT [ BUS &
RECORDER 5| BUFFER
E
LASER RADAR DATA . GRADH
ic
TERMINAL

1 ESAEFEERE L —F — v — 5~ RERER

PI¥a b LT - 355 DMY01 TH - b 4 4 AFE 10ns T, Bk 1024 WORD D5 -
2 RFEREBbit TIETES, b bra—F—itL T, L —F =B, 8T
A - SRGE, 7- 2 OWYids, CPU A E Y ADF — 50 DM (Direct Memory Access) O
BETT>TOBe T2 €0 s~ bBET 5795 4 — 4 AIRH7~ 5 O WORDH, 7 x>
#%&—F(CH1, CH2, DUAL), CLOCK RATE(% - + # 4 &), DELAY, FULL SCALE
LEVEL, T&4,

BEBL U - -3 2HIEH 1L, General Purpose Interface (GPI) #— F X h A
INB, RACDNTILE L — 2 —HIISHAHBRA X « P HADEE, 2+ v o BEOH
E, A%+ O START, STOP Th s, A% » YHEOEFEE, UP, DOWN 5 & 8 CW,
CCW THH, A% ¢ VIS 10deg/s T 6 BRBFIZYI O A L3,

ETI2R 2 PP LRAKDF - 42 GPIF - FL ) MbitDF -2 LTI 2 — % —iCH
hikENB, L —HF - KON TOHMERIZ, L —F—-FHEDON, OFF Tha, L— F—b
BLEICODOTIE, v = a7 Vv TRIERIT-T V5,

(2) V7 Yz TR

I - F—UAF L NOVA 02, RDOS (Real-time Disk Operating System) iz d h 75 %

FLERINTWE, AE o I 6EO7 s v 0 v a 7o 85 AIETERD 7 >4 L %,
DISK i L THL C LI L O QBB L TAL Y = # 4 754 2 BB st £ £ & b3
T&%, 12, RDOS i Real-time clock 2> THE HHAIE S0 53 Aﬁﬁ@ﬂﬁﬂ#lﬁo)gﬂﬁ, #HiE

£

2]



DEIGHER LTI C L WURETH 5,

3 BESe¥yI A

AIEE Cab< 1z & 9 IKAENGUGHEU T, MT~OF - # OTBOATHL I 70 54 L KT %
TIFHEL, MTIZF— 4 2ERT 202 T, IR TRICHD a2 A TMT 2 F1 45y
PUTH T Y7L LETRRITIBED oM BBID, LOLH5B_204 1 7OHE o
TG AEFEL,
FLCBEETIMERLII S0y 5 bABL 02 OMER S LD, LB LIDARSLLFT @ b
i, SOS{Stand-alone Operating System) & CIERL SN TWADTI I TREBET 2. 216D 7
Y7 AEROT -V FBRIICE VYR EPTRQTHKIISDOTH H, BiE, LIDAR 6D &,
LIDAR 8 T =T OHEELTETH 2,

F2 HEE TR LIEAE oy 3 6 s 208

S Mo THI RHI  |vA#PHI | BRIEsE [v7as4a
A PPl  |=AFPPl | #DEL |% Gy
LIDAR 6 O O

LIDAR 7 O O O

LIDAR 6D O O O
LIDAR 8 O O O O

A 7ays DT H>NBOELERBRDEOTH S,
L I B R A P e R el ) TG I - I 4 g
OrSLU bl a—F—~ADF—2HHiAD
LI UL F—-nh CPU XY ~DF — 25k
® L - —FEED ON, OFF

O %% ¢ LTI, A% 4 L HEOTE

® 7% 5 M START, STOP

© TG D Ft 7134 7

O THAEFT - 2OEAAAL

o7 -2 OFE -

OCPU % ) LOF— 2 DM T ~DHH
OCPUAEY LDF-20DF 4 AF1LA

HETe 75 2 3TNEDUBEITIF TV -F ot 4 7o d 5 6l GIFFHTETHR
ANTE, 7oV 38T rosrbba—F—-, 2& ¢+ —, L—F-LOMBHE



DY TA—F o Z7E LTI, AEA 1 F oy 5 4813 FORTRAN IV THLNATVAE, 3 iC
IN6D35OELNEL -7 OUBER{EPELHTRT, V—F—b—F-HFTILETLF
— S OAHBEEIRT NS ONERR L WHIREZT 2, 7~ SN DALEEORAMER, 11
—F NN AMIORNT Y s L =S~ CH DAL WORD BB & ORI DR 217 »
TMTIREHT A ICE o TRELRL S, RAXERORIEILEB 28E /7 4 — 4 DHEIR
% TT, 255 LIDAR 8 DBy 2 5 2D F — 4L H AAEE ORRIGE L.

£3 FELUEL-—F - ONBERRE

" i L i i Al
- AEEAD 4.5ms
7 — Sk 2ms+2.52s X WORD 3
F-AHEHE 1.8ms+15.6 us X WORD %
MT ~D i 20.5ms+37.5 us X WORD 3

4 HIEIZET MBI T 2 -4

WEBE | (g 0% | WEEM | WORD XK

LIDAR 6D THI 2 120 1024
LIDAR 8 RHI, PPl 20 1 512
< ) F PHI -
< ) F PPl

HEEST - 24D Y FPAEA L, £V FPLEA4 LBERROVTHESLRDTHRNEDT, LT
WHE#AF v v f 70455 LIDAR 8IC- 0 CHlH T 2, M2iC LIDARSD 7o —-F»— | %
¥, COFo ¥ 5 Al THI 214 0% RHI, PPI, <+ RHI, <A F PPl 7 -2 DHS% HE)
FRCR O E LT M2 TV 5, A% v VILBU22% + T - ORI T — 2 BB v +
BeBELTIT-TVA, Tabb, HELIEAD L MIOF-sWMG2E-T, 1 XRF ¢ %
BTLTWA, IBEF-—4lBCcLitad: s FTARPHEAASL, F—2 LI MT ILEEERL T
Wh, UTFRTe 27 L08R 7ot 2 %8> THHAT 5,

) L84 THOMEST A~ FOANBERT 5o 8T A= FELT, A%y L E— F (TH],
RHI, PPI), Z % x » 2{75HOM (79 —F » — bHD COUNT 4), 2% - LEEOLTAR,
FNEFNORF » YEAINTOZF » AR (COUNT 3), 1 2% RREITEF - 2IEEE
(COUNT 2), FEEH (COUNT 1), XD R+ » » L COREMMB, Forvvblra-¥—
D5 A= HBERANT S,




2) BlEF 2 -4 % MTIKHT 5,

9 RF ¢ FDRY— L EOBERLET 2,

4) L—F-RREIERE - BHET S,

5) FIrUairblLa—F—67—4%CPUx®VIEREL, HEZFH (COUNTL) %
T-ToF— 4% MT L RT %,

6) IELIMOFT - % (COUNT 2) 2Hf89 5 & 1 2% v 2T L, 2% +[AIE(COUNT 3)
PERTLTOVRHIEL, XOAF, v ORDOMERD 21T

7 EELEEEREESTROAE v o 2IET 5.

8) TRTDRAF x VHTDAF 3y BRTLILE, AFX+F 227 blitlERT 2,

IMPUT
PARAMETERS

SCANNER

WRITE
ANGLE DATA
T CORE

TIME
NTERVA.
COUNT 5

WRITE =COUNT 5-1

PARAMETERS

START
SCANNING

COUNT 5

COUNT 3
=COUNT" 3-1

WRITE DATA TO
TRANSIENT
REC.

TRANSFER DATA
FROM TRANS.
REC. TO CORE

DATA
SUMMAT ILN

QUTPUT
PARAMETER
TABLE

count 1
=COUNT 1-1

B2 Fo#54LIDARSG7a—F 45— -

—4 7=



9) LILOHES 1 2 v 215E BEY (COUNT 5) 4 h K,

10) ZL 84 Fhbdavr FANRBET A, +00 — 23— 3 X — % THITE 2 ##53
Shp, T AL BEET B, QEERT I A0DEREANT S,

11D oS8 si 7T A0, FL 24 P LIZARENS 4 — 47— F23TEHT,

B3 LIDAR 8 ik AHIETO A * + FEHEOHI 27T,

- - —

{a} Multi-RHI (B) Mujti-PPI

BJ3 LIDARSICL Z A% » +BMEDH]
(a), (b) & & COUNT3=1, COUNT4=4DH2,

4. UTILEALER

WEF ~ 2 0E=8 LOSBEAPSIRLIF — 4 D) 7 v 8 4 AERIFL A7 £ OBE LS
HBTH b BRI EARAE v S amTY 7044 bOUBER2T>HEEMT %
TrARy s UTHID a5 itk b2 2 V7024 LORTETHIBHEND 5.

THI SRR FUCERSE Uiz LIDAR 6D JBIEF - 200 7 v 8 4 ARSI AlE S o
Y3LThHB, COFuYFLE TH 7 - 2 2i5EABEEOR MT KT 54, 1a0Ei
ZOETORHT - 285374 994+ A LICHTRT S, BREA A2 -7HRTERE,
PRS2 FERHEL TRBOEI - 12 A R 2 — FHRRT, BEH2 L8 T 1IEEILI0EH »N 5,
304 RI CRImA —MIC A 2 E AEIZ - F 2 €~ 2775, B4 ICLIDARGDICL 2 A = 3 —
FHETOWAERYT, TOF oy st h, IEREDF x » 78X OF - ¥ OB 217
Wiehih, EERIChIc» T THIRE®{TH5 LB TE 3, .

€ YT A4 AERHICEBREIHEO Yoy 5 L 2lBLT VA, ChoRESKRIELED
TRY. DISP1IX 1T L ADT - %% AR 3 -FHRE, HE2RBIEL CH &I -7
AR2—-THEROMHTERTEEDOTH2, DISP 2 13F 2 BEAIEL T A ~72 A R 2
— FRTE—EEI KT OTHSH, DISP 3 I3FRE 2 FMIEL 127 — & % 8 RO MkH
RUTt 0T, PARtENI 1024 WORD % 64 WORD it EfEL, —HEEI 0 BOF -4 2FRLT
VB, BREERS (308) 0F - ZNBEK L%, —EEROSAETESLL T 8 B
DL AVIGHTTIT-> T 5, BREFELTERRETACLIRLHIFERLTVS, DISP3K
k2 FROH#E S IR,




LAl LY P9 REP 2, DLY -100, UPM 853, UFILL 0.1, TAU 20. AP 1@
G4t t0 211 = 3@ OATE 79 O 2 TIHE 5'35:36 1024 WORDS

3000

ALTITUDE (

e

TIME J INTENSITY { = k 1min/ arb. units )}

Bl4 LIDARSDICEZ U 7% A 4 AR~ TERFDH

1500- g
§
@
~| ¥
E -
~ [
. 3
o R
= |
=l §
-
-
< )
. 3 '
i
§s
0" g
R

1
TIME {min}

H5 DISP 3k A FALEMRER
(ki) Fas4s) OfF




#5 PRLIT2IU7PAL4 0BT o558 EZ20EE

CEECEEEAS | % % om &
DISP 1 1 ARI—-FBIUOREELIARI-F
DISP 2 30 RAELT A 2 3 — PR
DISP 3 30 LS B TR

R}

AR/LTIR, RREBZOBAZBOTERINAL ~F— L —F —DOHiBIK DN TOER Y
B, THRESWTIT- R, BXAERERERIL - F -1 — ¥ -2 27 ADO1HOAER
V7T 7SS AOFEICOOTHRR, L= b —F -2 257 L0 R, F-
YOHBRES I PERTH S, Y A7 2OREBEICOVTR, BEMRICGCT, THLRH
I, PPI, v/v¥RHI, vV F#PPIEDE — FTHE2ITI . ERIL20TIE, ¥ — 2 HEUGHERIC
BUTY) ZaAs 4 BEEIdE 2 Y78 4 2LERITH,

—ICZ+ v 2T SAIERT — 2IBHBSEN D 2 ) 702 4 JEMNFELTH D,
—7 THIRFEIZ ) 7 v 2 4 2L X AUBBRBATRTH L, ZOEH2D 51 FDTay
FaRBARLI

CHBOEE e 7S nick b, BERLV-¥F -1 —%— 27 L3HENBIIGL THEIK
BEEFEEL TV,

5 B X B

Fiocco, G. and L. ©O. Smullin (1963): Detection of scattering layers in the upper atmosphere (60—140 km) by
oﬁﬁcal radar. Nature, 199, 1275-1276.

Grams, G.W., E.M. Patterson and C.M. Wyman (1975) Airborne laser radar for mapping two-dimensional
contours of aerosol concentration. Opt. Quant. Elect., 7, 187-191,

McCormick, M.P. (1976). Remote sensing energy related studies, ed. T.N. Vezeroglu, Hemisphere Press,
Shimizu, H., Y. Sasano, N. Takeuchi, O. Matsudo and M. Okuda (1980): A mocbile computerized laser radar
system for observing rapidly varying meteorological phenomena, Opt. Quant, Elect., 12, 159-167.

Uthe, E.E. and R.J. Allen (1975): A digital real-time lidar data recording, processing and display system. Opt.

Quant. Elect., 7, 121-129,




BN HSG f16 S
Res. Rep. Natl. Inst. Environ. Stud. No. 16(1980)

m—4
AYEa2-2 LB L—Y—L—F-F-2OEKRTE

Display method of laser radar data using a computer system
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Abstract

In computerized laser tadar data processing, one important step to achieving high speed and
high performance is to use a good data display technique.
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This paper describes the two-dimensional data display methods using the peripheral systems
of a computer.

There are five methods, in all. Color level slicing, grey level slicing and dot density belong to
the density method category. The remaining two, the contour and perspective methods and the
former three methods are compared to each other for accuracy, efficiency, etc., using color
graphic display data.

The four peripheral systems which are compared are color graphic display, graphic terminal,
ling printer and XY plotter. The characteristics of each system are shown for use in laser radar
data display.

Quantitative estimation, such as data amount per display and output efficiency, shows that
the density method is the best. In the application of these methods, it is best to select the density
method, and use the others as auxiliary methods.
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Abstract

‘A preliminary investigation of the relationship between the aercsol layers and stable layers in
the atmosphere using low-level radiosonde data (54 releases) and laser radar data was conducted.
The relationship between the height of the top of the aerosol layer and the base of the stable
layer, both of which were determined by laser radar and low-level radiosondes according to
arbitrary but reasonable criteria, was examined. Also, this relationship’s dependency on the stable
layer stability and the vertical gradient of aerosol concentration was discussed. It was found

that:
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(3)

A one-to-one correspondence between the aerosol layers and the stable layers does not
necessarily exist,

When considering the mixed layer structure in the daytime, the lowest-level stable layers
generally correspond to the lowest aerosol layer tops (13 out of 15).

There is a positive correlation between the stable Jayer stability and the vertical gradient of
aerosol concentration at the aerosol layer top.
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Abstract

This paper reports on the diurnal variation of the atmospheric planetary
boundary layer observed by a computerized digital data acquisition laser radar
system (NIES mobile laser radar) at a coastal urban area during typical summer days
in 1979, The observation results, displayed as TH! concentration patterns, clearly
showed the temporal changes of concentration distribution and suggest the
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possibility of determining the structure of the atmospheric planetary boundary layer
using the particulate concentration pattern as a tracer.

The present observation suggests the need of introducing another regime for the
mid-afternoon period after the mixed layer is fully developed to its maximum depth
in addition to three regimes proposed by Russell et al (1974), which characterized the
diurnal variation of the atmospheric planetary boundary layer.
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