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Abstract

This paper discusses a method to improve the resolution of an analog-to-digital
(A-D) converter to detect small differences less than 1 LSB (least significant bit)
in an input signal. Resolution is improved by superposing dither on the input signal
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and averaging over many measurements, The theory and experimental verification
for this method are described.

In this analysis, the expected value of the result of A-D conversion and the
expected value of the variance are calculated numerically, with the dither super-
posed on the input signal. The results show that, for a larger amplitude of dither,
the expected value of A-D conversion comes closer to the real value, and the
expected value of the variance becomes larger. The relation between the amplitude
of dither and improvement of the resolution is obtained as a function of the meas-
urement time. For example, resolution can be improved to 0.05 LSB for 100 meas-
urements and 0.4 LSB of the dither amplitude.

These results are verified by experiments using a white noise generator as a
dither source, a DC voltage standard as a signal source and a transient recorder
as an A-D converter.
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Resolution Improvement for Collecting Laser Radar Signal
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Abstract

Since laser radar signals cover, in general, wide ranges, compression of the signal
dynamic range and improved resolution of receiver devices are required. This paper
proposes three methods to accomplish these: (1) the adjustment of the geometrical
form factor function, (2) the use of multiple AD converters and (3) the superposition
of a dither signal. Combining these methods, the resclution can be improved by four
orders of magnitude.
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S/N Ratio Improvement by Averaging in Laser Radar Signals
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Abstract

Efficient collection of laser radar data with high accuracy requires measurement
parameters (such as spatial resolution and accumulation number of signals) to be
according to atmospheric conditions and measurement range. In the present study,
the accumulation number required for obtaining laser radar data with a certain S/N
ratio is calculated as a function of range and atmospheric extinction coefficient from
observation data. The results agree well with a theoretical prediction curve and the
accumulation number can be estimated for measurement at any range, spatial resolution,
atmospheric condition and S/N ratio.
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A Method for the Restoration of Images from the Wide Range
Laser Radar

Shinzo KITAMURA' and Koji HIRAQO?
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Abstract

The image over a wide-range area obtained from a large-scale laser radar often
lacks the homogeneity mainly because of the existence of fixed obstacles and/or
dense aercsols in the scanning plane, the spatial inhomogeneity of laser power atten-
nation, the fluctuation of the dc-component in the received signal and the deflection
of the axis of the receiving telescope from that of the transmitting one. This paper
presents a method for restoring such an abnormal image through software techniques.
The method is based on the detection of the peak values in the received signal by
the statistical i-test and next on the normalization of the integrated power for the
accumulated received signal. The procedure is fully computer-feasible and its validity
was shown by using several scanning data.
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Abstract
Data processing methods for collection of reliable aerosel distribution pattern data
obtained by the large laser radar —LAMP lidar—— were improved. Improvements

were carried out to remove the effects of obstructions and high-density pollutants.
It is shown that the obtained aerosol distribution patterns are physically reasonable
with good signal-to-noise ratio.
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Enhancement and Noise Reduction of Images Obtained
by the Large Scale Laser Radar
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Abstract

Techniques of image processing are applied to pictures cobtained by the large-scale
laser radar to improve the quality of the image data. Gray scale transformation to
a flat histogram is applied to sharpen the images. At the same time, an iterative
smoocthing method is used to remove noises. A normalized image derived from the
smoothed picture is superimposed onto the qriginal one to obtain a noiseless and
enhanced image. Moreover, as an interpolation method applicable to the image
processing a smoothing spline is considered.
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Fundamental Performance of Highly Sensitive Instrument
for Air-Pollutant Measurement by Middle-Infrared
Semiconductor Diode Laser
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Abstract )

In long-path absorption methods, three detection techniques — two-wavelength
differential absorption, frequency-modulated first-derivative and frequency-modulated
second-derivative (FMSD)} detections —— were compared, and the FMSD was found to
be the most suitable,

A prototype instrument for outdoor, highly sensitive measurement was designed and
constructed, and its fundamental performance abilities were measured. The system had
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the following features: {1) the ability of frequency stabilization based on frequency-
locking on a sample gas transition line in a reference cell, (2) the correction of laser
power variation and (3) elimination of influence of multi-wavelength oscillation.

The tuning rate of the laser frequency, the determination of optimum modulation
conditions, and frequency stability were measured, and the results showed good
agreement with the theoretical estimation.
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RESHORELHRL, 2EREWRNE 1 RSMAEE 2 XENKEORE L KT 5,
A CoRRE b L, BARIBRE N i3,

{2 WREZBRE)

N =N - 7 - (1+ %%fi)”z (40)
(1 RELFEEE)
1

lenT—Nm'm‘(l-i-ez)m (41)
( 2 kil pagE:)
Non=Nn - 07135 (14 e2)? (42)

B, 2L,

Na=(NEP)(S/N)un VB /(alA(v))

_ NEP-/EB
BTTTAG)

el LA SRR R 5B
Thb.

ERENFLANT, EFHED Nua 2 BT 5., NEP=1x10"" W/Hz'?, B=1Hz, (§/N)pn=
10, K(v)=1, Pe(v)=100pW, T.(»)=1, I=10cm, ¢=5.23%107"*cm’ (CO S R{21) DRI}
DA, Na=1.9%10"ecm™ 225, R (41), (42) FDeid 1T HBL TEHTES, #-T,
1 KR D Nun=3.3X10"cm™(1.3ppb). 2 EEEIEN Nown=4.4 X10"%cm™(1.8ppb) & %
3, 2HRESBNENRAIE, FHRPOB2EHIMIEL L5, Z0BITiE 5107 TH B 57,
€1, € FHFEENEF 0N OBETRELZELTLW T THL, LA -THIPOHE2EHZ ]
HAN, BT RELHECLS, ZOBA, Nun=2.7%10"%cm™ (1. 1ppm) & % ", HEHES
Ba k), HERELSIHNEC LD, ‘

Kiz, 1RHBIEIES L 2 KEMEESICHT 2 MREER R L LERE T 5, Rillh s
b It+dx KE b R, RERD { KB ¢ V(D) oBlka % 46 T3, 1 KEHRIE
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WHEGL - EHFE - PR - TR

Bge, RKiEL kB REETE,

(4a/a (£)V])xo13s=—1.134x (43)
2HEHMBOES, BKRiESE X 5 BEHETE,

(@D @ (£)) xco= —2.08{dx}? {44)

Thd, BEHOESC E28EL S BURICINL 31213, 1 REMEETIE, 4x % 7,/230TFic
Mz 5 0ENH 50, 2 S0BEHETIE, YW/6.5 UWTFIid+5Ths, £, 2 K8EHE
(31 REME I N, LN EEBEEE e, 7T TE D, T, bbb,
2 RHBEEN T RRE TSN L CEEAHETH B,

Loz rod e, 2RREIRINEIARENEDFRET AR AEABEIEL 2
BTARFTH), 1AEERER, FEEEEc RSy vwathlErs5, -7, 2o
IHROP T, 2REEHEIVRLBEOR CHEE L ERTL X TES,

2.5 BERBFEOBBOKREX

EBREAGYE, FEASPOZAG) TR TBLNL, YATLHESZ 2L, MERKU
NI LB L —F— ORI - BELOREL ST L, AW EL — W PO HI— BT
B, T, TWNEEERS P 2L —F - Poly) THl- TRH LIS,

L@@, vl E (HER TRELTVABAICEELVE, L—F—» %R
EREL TV ABATIERL TRy, Bl LT, v—¥—»2 lEETRIEL THEY, —FHidl%
FUROBEHEHLIC HIBL T3, BARBME» LB TV S E 25, BBRREE v,
B EERE v & T3, SV —H—237— Prid,

Pr=Polvon)+ Polvout) (45)
Th, EIAH, EBED2KABEES TvHiz, T

()~ (46)
L3 (35) b,

Tz(u):%j;xf(x)COs(Zy)dy (47)
Clotkwenbd, ZITxld,

x=(v—wven)/7n (48)

THn, i (45) I0d 2T Tlven) ZRDBEHZ, Polvon) Tl <, &L —HF—HHPr B2

- 104 —



PARIAFEER L~ — g B oL B AR TR RS E OB A
&y T WEBROMEE D LS E>TLE T,

Von DA IZIF 2D Tk b LT3, 7ANS—2BTHEI BRI THEH, 0
B, AT v DEOT 4 N —FRBLZITRET S0, F2T, TTD pon THEHHTT
e, LadmEsE2RETSE, T, BEELto—B2200 T, BEBRROAERENA-
hBHEAL VAL, Jh BN 2 RBBEEES Puaa DL THBLT A HETH Z, K
EERENRLALZERRBTIE, Puetid,

Pz_ref:kA(Von) . Nref - [refX0.435 (49)

ThHd, 2T, FRE—LATN 9 F—OFEETH), N TBELILHNDOAEKDRBE, [
BRBERLLOEETH L, MENEORKRCLLZWRLLBLA 2 REEBES L Pvan) LT3

Pelvon)={1— kY Alvon) - N+ 1X0.435 (50)
PRt AT, NI,

7 Pz(von) * k . lref * Nref
Nﬁ Pz,ref‘(l‘_k)'l (51)

o TROENE, ZORDLLDDI LW, BEEOEIC L 5 Pelven), Pore DHNHILE
BrHELVI22ERTLE, BEEHOVENFTLHINLGZETHD, #-T, I TREL
R, B v FEECRIRT 2045 6T, LMEOREROEBELLHET 2 HETH D,

3. #EONME

AR ARSI MR L —F— &R - L BRI EEE 2, CO Akt AlEs
% LTEREMEL 2, '

COSHIIXERIH I ppmBEL, BHEH VAL ELIREFTHS, AUETHET D =

ExHmMEL, FOB—BREL L TELBRRNEOESEEEGE 2 EREEE CAET A 2D
DR FEH TNz,

3.1 ERRHOL

EBIIROFEICED TR E N

1) #E), BENESIFFFEL T, FEEL —F—0HICZ )4 7B OBHB LR,

2) BEXBRUIGEoSHEEE L3, BEEER 2 EBEEESRET S,

3) BEHKOTEE ¢, SReVCHEREEHAL, TORRMICBDEEERAETS,

4) V- REOARNEHEBEL, BEEIFRIRE R L LvE—FOr —F—FOEH
PHRT 2010, BEEARERL 2EST0 2 KERERS TERIES (2 RUBIHERS)
BT 5,
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FHPELLL - T - PHIIE - IR

PLENFHTHE SN EBIEIES OBRE L 05, o8, ZORBILESHEELMIT L
Jiz, BEFENH, SWOHICHEZRBSFEAL, £KET LT AINT, T,

A, HIRES

B. &R - HEE

C. #d - (S50
WRILT, ¥ATA0BMEBEXEMT 5,

| Samole CHOPPER
: System
, : ] l!" > l -
CRIESTAT ! R OUTPUT/SAMPLE
[ ODE F T ¥ CELL
L ! SYSTEM
i feamle
. U RN A /N LUy
POMER! SUPPLY | oo -
FREQ. STAR. LOGKS I DETECTOR DETECTOR

FREQ. MOD.

f.

FUNC, GEN.

’—LF
K- TR SIGNAL
LD%MP[ PROCESSOR

SIGNAL
{;ON]TURJ DISPLAY

SIGNAL PROCESSING
SYSTEM

LIGHT SOURCE

T P —— |

@5 FEHEKEX

3.2 kB

CO Gitkiz 4.4~5.0um i IRSIBHORXBIRR £ Ho0 T, @2 k> T4 1~8.4pm TH
%ﬂﬁfﬁém‘ﬁ' Ph Sl—x Sex 3#@%%%%%#\' Lfia ﬁ:f‘li Eixﬁ@m Pb Sos: Sea.ra #iaﬁ“/‘*f_
PHWE, A0, R60L )0 RERAEES L THN20~WKISHHEL TERAENS, RIRK

In
Au
nPbSSe

PPbSSe

OXIDIZED FILM
In

Cu HEAT SINK

6 FdAL—F—FTORE
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BRI L — - & B B R AR R R B R o) 2 R

E&BI14.5~4. Tem, v —F—HIERK200WTH2, GHEELL TR 70— —7D%
" 3% CRYOCOOLER 21SC (CTI-CRYOGENICS##8) =, BRn 754424 » b (81E
AR T 2R MTHELZ (K7 ). BHEMEE & - THY, FEREII20KTH - 72,
OB HEE > P —F— CTS—R (RETR) 2L, g, 794425
O — Ty PSS D 272 SR 2 — FEETRIE 2 L T 20~ 100K S #iFR
TRELHIETE 2IEELF-> TV 5, BEOKRTEEITRAREIHC 2X107°K Th b, v —H—
EIRE L T3, dihr —F—dEHIMAICHFT &N ELS 155X (2 3—-FFH) #Av72, &
TRIITEHRFS, BAERER»LOTHEES, ERAAEL CEHAESoREE NE—ELT 2
T 4= Fedy JEE (RIEEEER ST ORNBTFIIo Yy 2 TEL) 25T 5,

PORT —

THERMO-COUPLES

[} DIODE
LASER
.F_.n ; E‘

U $i-SENSOR RCD

RADIATIONLIJSHIELD

WINDOW

[~ IMSULATOR. COOLING UNIT
HEATER

RUBBER
BUSHING

BASE

H7 Vv—H—HRTFOT7r (774525 FIOHERER

BifdEibiy, CORKRFHALLBRLAZEBL 2LHESH 1 REEEY LN, TafE
TRV -ERELSISSXIC 74 — Foxw 2T 2 KIS L » TiT» 12, S o BilikgcE b mig iz
HgCdTe #iis (77K}, 7N 7> 7, aw 7477 (NFEB 7w » 7 LI-575) ok - i
BENTW3,

3.3 KRR - EHE

YKL = LBIEL - —RIRESIIRL 2 RERC L - T, FiTHIS N, AKtE
W (B TR E CORKRERALL SR L ZEAT ORI ONE, £
FNDLNEFERL 7oL —HF —3iE HgCdTe LEHA LR AR DS (Det. 1, Det.2) I2& > TH
HENBREBICELLNS, Det. LItk > TRESNIES» S, vy 74T 7 (NF @
Zuy 7, LI-571) it k> T2 RBBARES ML T 5, F3 v/ — Lo TEARLLDEFLE
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AL - (R - PRI - NER

CRYQOSTAT

COOLER{ 5.0,
HEAD

DET1 | DET2

-

ABSORPTION CELL

R8st Ko RHTEE R

B DREVLEI) 22 bR, EOREE D22 LT, HH R51) D Pralven)/Pores
BRD LN BEHE % 5 T b, Det. 20{38 5 53R 0 LREMERE 20 HL, Bk
REILNT 4 — Frty 2 ABAIGT B, REEL~DKBETTE L CSFBLF5 L5 iz
S THED, BEEBHA LAY, BAORBIC LEBICERTE HEEE A>T a,

3.4 #i-ESRES

Det. LIC &> TEKENLKIC L 2EEILIE, O 74T 702 EEMEE REIN,
RESREBMESC L > TPALEN., ZORNEBRVI—F—TE=5—5n3 rERICA
Davei—F—icBA3IR, w12 TRBEND, WEEFT L BRLNERBRF 2 v —DHE
HicHEL T, =4 2 NTOE: CHELBI N,

eRnFEFATERLICE LH1,
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PHRA SRy — -2 B LB R RO SEE R E 0 R

1 RAMROBE

L — LA SR L — i — (S
l/”—’*f“‘ﬁg Pb Sos Secus
& 4.5~4,7pm
Bhzan¥— 0 ~150paW
n-PbSSe M % ) TiBAE ~5X10"¥ ¢m™?
HEiE T EEARE

W H BF CRYOCOOLER 21SC (CTI-CRYOGENICS#%8¢)
ik He #r A (class A) '
WHL 2T 4 BRUERAN L AT L
EdbediaN g I5KLLTF (s

19.5KEAF (B

BEaro—F—

CTS—R (FREFHENHLE)

BEL L — SiEErH—

i Vedii B 20K~100K

&EE X 2/1000K
AL ——HEIE ELS 158X (=2 —ET3)

whER 0~1.5A (HEMEIEHT)

EiEEE 1x10"4/ACX10%

) w7 104 Voms

HolEE (BCH5H 0.01mA /s~ 10mA/s

PRSI AR FHm, =, SElHkE, AH0~+1V, 60~1kHz

HERE AT 0~ 1V (6002), 100Hz~10kHz

FREREE AT +10Vmax, GAIN 0~20dB, E&M#E Ims
Function Generator 458A %Y (PARETFTEWN)

BIRBEE 0.01Hz~100kHz

RIRWE A 0~30V,-» (600R2)

RiRE ¥ Feru, =AK, HEE, Ao-—-7WEE
oM 8 Det.1: MC2-1000-B—MY1, Det.2; HC 105CH~J TSI (BEHEH)

BREFETHR HgCdTe

FFiE 1.0mmX1.0mm, 0.5mmX0.5mm

WA 60° , 50

B WS I—F 4 » 7 - Ge

EEIRE 77K
Hil R iE 2% EPA—1000 (x 7 —&FH)

AP ] DC~1MHz (—3dB)

L.P.F. 10kHz, 100kHz, 1MHz

H.P.F. DC, 10Hz, 100Hz

AL re—F- 2 100Q

ANREMS 154Vrms
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AR - ERREE - PIEREE - TR

1 (D07E)
HANREE 20, 30, 40dB
[izk -4 10 Ve
AT ARk 0~50mA
Lock-in-Amp, LI—574 (NF @R 7o » 78)
23y R 1Hz~100kHz (—3dB)
RE 100nV~5mV (QUT PUT EXPx1)
EREKALEE +100VDC
AHA v =52 100MQ+11%, 20 pFLLTF
L.P.F. FLAT, 10kHz, 1kHz, 100Hz, EXT
H.P.F. FLAT, 10Hz, 100Hz, 1kHz, EXT
HWEEE 12dB/oct

FAF Ly s H—T

74dB {sens. 100nV~5004V, X1}
49dB (sens.lmV~5mV, X1)

kE 10ms. ~100s,
L e 2 Y R & (r=100s.) 0.005Hz
HEhalt Bk 53dB (1kHz #®iE0 &S cHE)
WA NEE 100 mVp—p ~200 V-
ERA R 1Hz~50kHz
=gt (10546044 7} LUF
Lock-in-Amp. LI-575 (LF @& 7o v 78
2 KR 0.5Hz~200kHz
REHE 104V~500mV/F.S (OUTPUT, BPFQx1)
wARANERE DC=*200V, ACX15V

ARA -9z
FAFiw =7

100MQ # 40 pF LUF
A 100dB

W B 1.25ms.~125s,
WERE 6dB/oct, 12dB/oct
LA R LR T/ 0.002Hz, (AMH, £x1/4, 12dB/oct)
HEANEE 0.3V~30Vp-p
ZERALREY 0.5Hz~200kHz
Bk EE 55dB L E
4. RBERLRE

FETIE, BIELCNEERBICHL TEOREDRBMELRL, TOBERORI L7,

41 RROMSHE

PWHRL - —DEFFFETH 5 B AFE L EAMEZ RIEL 22,
SitrH—THELRERTEEEELZ/ 72— LT, LW hOEABRKFE ke,
®OEmL. =N E D Detlic k> TRIEL 72, L—H—RFR R EHSHMETH
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B A L — 2 T 22 TSR O B A T SR R AL AR R
207, EIFROEICLAEENH I IHR T - DR AF OB L HETHAL 2ot
YH T, BT FEEEEMT o0l s hedH Ty, BEREXIET L R hNE
DT L FERIIE MBI s, TRIZHBICERL LI, v T TH
— - FRIERFE TP LTHD S,

2

Eel 20 K
§ 25 K
b 0K
g 3 K
32 WK
0

0 50 100 150 200 250
CURRENT (ma)

X9 HEELEC BT HFERL —F— DR (Det. 1 THH)

RICEARECST 2EESES S 5, 20K, 0KaLOLF0, FMlicTy, 77—, H5a
sample systein DB AXBE BWTUE LR, VK TR, EHOE—FTRET S LEIECE
RN T — 0 E (4A/4:) LHEMLEL2¥T 5, —F, OKTIHE—E—FTRIRLTE N
MoOTLEMREL S,

B—t— FROLKFRFRIL / (LK) 2100mA 0 & &, 20K T 4v/4i: 35em™A, 4A/4i:0.075
pm/A KT dvfai 90 .6em YA, 4AjA7 0 185pm/A Th L, 220K 40K T CW Bi{En

{am)) co
469 1 s 20K
L N
#.63‘ Pz I'.
P1 o
Ilo.ﬁ'?- e
[ .
2 .y . .y
Z 466 1 ‘e LAl I
é 6 RO 'x......'...xC“..‘
> . : . .
Z 54 Ry X, .-:.:E:x.f.,,,.

“y e “..oo....‘
4.6‘0‘-R2 XXO...-..'....'..
FR3 s “tee, ™
463 1 *tas

- R4
O i B G O Y
0 20 40 80 B8O 100 120 140 180 180 200 220 240
CURRENT {mA Y

10 20Kz 3133 Ph Sose Seons Bk —HF— R
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FHEGL - R - IREE - TPER

COUuNe
(Mm)JT R4 o

4.55
FR15 40K

4541 mg -0\0\3“

TR17
FR18

{1 Ria o

L R20

Lr21 e,

450 f R22 *a,
FR23

4.49 1T R24 nn_
- R2S

was ™ L L

19

0 100 120 140 160 180 200 20 240
CURRENT (ma)

M1l 40Kz i+ 5 Ph Sn,32 Secie ﬁﬁg'ﬁiv—%_mlﬂ%#§‘w

o
o [4,]
[ 5] [ %)

WAVELENGTH
&

ZiRFEEOELIZ#57em (7. 1meV), #HEIZL 70.12um (4.64pm—4.52um) TH5H, EE
2L 2Eb2.85em ™ Kid, 230X ¥y v 7OEBIIHIET S, ZHERITEREERE S
LA ERCHLT S, ZOHKAOMEEZE - FAORNAFESH26EITHET 2D T,
BHt- FORERFAZL, 0K TE Llem /KM% T2, TUIREENTWAE (35 lem™/
K) ¥—%¥3,

4.2 IMPANC T

COSED v"'=0—0'=1, R(0)}DE (7=2147.084cm™") 12DV T, PillEL —H—F Wik
WL TS N ERRE 2T, —REEEET, 2 REEFuEEZ K12I0RT, BEERE2ED
BWaRmEE: F s v —TFa v 7L To oy 74 A MESEEERAL 2, BEMERNEETIRE
BWERE 1mA, THBRES 1kHz & LTRIEL 2, &KL —F—n@EREF20KICEREL,
K LELT1Torr »CO 2 0cm /I EALTHALZ, CODRD) icBiF2 Fwy 77—
(£18) 12 150MHz T4 520 TZ 0% 5H, BREARAREL KD L 960MHz/mA (=32cm /A) &
5, THERHEINGTTERSZ Bem YA LB LY, M2 bbb kY t:".%’k@ﬂ@%{i&ﬁﬁb:&
Liz Lz, W@ E A EL S, HAKEOEaSIE: L TRIREENLLDEICL S,

4.3 —REMBHNOEHREBEHTE

—EEEEBEod 2 BREREROER AR EIEE L 4 2 TAE L 2HR+ {13 TT, TH
Bkt 1kHz Th 5, ZOBKIl, Bkiliz & s s BMEOPLOREHENES
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HhE A L 2 D R IR O SR T MR E OB ARE

0K

€0 : 1 Torr
R{O}

DIRECT DET
4
B L

( ARB, UNIT )

18T DER.DET
o

o .
=
=
=
- |>
-
=
o
=]
=
S =
w
p=
. k0.5mA -y
e n A
w 0 -
=1
= V V
=
~

CURRENT

Xi12 TSRS - BECRRE 1 K, gﬁtiﬁﬁ}ﬂjﬁm?&ﬁﬁﬂ)mﬁf (20K, CO
N v"=0—v"=1, R(0)BIHICER)

r-0.5

@13 THBH LT A —F—& L2k 2ORERER | KSR (40K, CO
@ v"=0-p'=1, R(21) BILIZIFR)
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FFHEGL - R - W RIER - T REER

EREBICHLT7ay 45 L3 XAMOERFECILE,

4.4 2 RBMEIMH K OTBIEE RS ,

kL —F — 2 EEE K 1 kHz, 40K TBIES Y, COS T o"=0-v'=1, R(21) DB
(v =2218.747cm™"} (22w T 2 KBRS BB RIR TN 2 B2, B IaBILRD 5 4
R (b=vo) THONE, BRKENZERETERICHLC7 o » b LEEE2EUCONTREL
7o BN P=1Torr &HAIZH 4 (P=0.01 Torr; Nol 7RG 20T af v (234 5 B — 2 {5 B A
OTFHITE) ERLHEL T, iﬁ'lﬁfﬁt%‘) EIICHEE L BRI RUNESR TH D, M
2, ANV 2HMEENE Nol THBELAZLO2EE-ThHD (2, IEBM), Mot
RHET SRR (1 77 —IR 7o THEAL) 2 B L 72, R(21) BTl ¥, =155MHz
ThHDNT, 1kHz RIS L, BRAEFFIL 310MHz/mA (10.3cm™A) %9, DC Wit w
5 U EELSHRBECHN, #1/3ThHE,. ZOMEREL ——RTORESOHEIC LD
DEBbLE, Vo F-BFRES DKNHEL, R0) DBBLETHELTbh, <Rl
AT LT B,

DEGREE OF MODULATION (a/rs)

0 20 40 &0 B0 100
g 05 T : : T . . ; . .
& coO R(21)
04| {1 TORR, 10cm
= DL TEMP 40K
gm-
£
2 -
gu
[vd
W 0.1
g
Y] 0 2 i . " — i X i
0 05 10 - 15 20 25 3 35
-« ..MODULATION CURRENT (ma)

R4 EBEH 2 KBS0 o 2 i) & BEEIR L OB (10 cm ORIL-L 2 CO
1Torr #AL, ¢"=0-v'=1, R(2D BRI EHE, —F—E{fELEiL 40K)
Bl oy HIE TR 7 4 F OETELHE, %W’E%ﬁ%%hfﬁﬂ?ﬁﬁﬂil:ﬁﬂ,f:o

4.5 HBEEERELEEMFH
E—AZTUv&ﬂt;afﬁwéhtu—ﬁ;%mﬁ%,%ﬁt»%ﬁofDazvﬁﬁ%%
BB ENLRTO VR BN R0 74 0T 7 TIRME (X5), 01 kEEMEELEx
BEEILERIZ7 4 — Fo¥y 2L, SERO LRESERE (H12) s (RIES.G) ot -
i hBEERREL L, IOXKBTIIREARE (P), MoHE (1), #3HE (D), t20
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PRI L — R BB RO SR BT O EFRHE

HEedTHLP-L, P-I-Do 3 bRUMELP2ERAL 2, 0K TEESE-2EEKL —F—nfF
EHED (—REERESREOREALL) £HINCRL, BFERIEZH210mAT, CODR2D)
ZAbLETHN, EHEM0.8mA, ERAHKEKIL 1kHz, oy 74T 7OBERIE 1HTH
olz, 74— Fw 7Rl EORBRREROEH *HIS )iz, 74— FXu 7%D
iz B2 EIS(b)icRLz, Bs(a) TRREIEFREIMBRBEN T [ 4 ¥ —EH.0IC
WMz LLE 77 A0 (BRNERE) ~SFRo 1 REEHEMBE 2 T TR (T
HFHEATVE, COD RN F 75 —1Rid 155 MHz (EE£E) T, BHENR0.8mA (a/yo
=1.6) TR EREES ((v—vo)/70) AT EL.350 & EEAE/ N ERT O T, TEHHTOBKIEIZ 210
MHz icMET 2, 74— Fs5y 72003 72385800 1282 20MHz (£10MHz) 0#EBEMRIC AL
(SEHRNPRI TR FRERACEETHL I EOBEZ L VN THB), RIEMIEHIT 2189
cm ' THENT, REHEOMERERIT E1.5X107 LY /03w, iU, Py 7T AN H71070
NKEETHLOT, EEE (BREZLFHATLIOTELILOXW LN L R2) ¢ LTid+5
ThHb,

{a) NON-STABILIZED

( MHz )

(b) STABILIZED

40K

FREQUENCY DRIFT  (iHz)
a

FREQUENCY DRIFT

40K A
] =2 q [ 8 10
CO R{(21) TIHE  tmin)
TIKE (min)
(a) ZA—Fr S IR—7 DT E (7 )= 5= 7D) L&, (b) 74 —Frsy 7% MITI2EE,

15 FiREEEOTEN

4.6 2RBEAKHH X REDOHIRE

E210ecm Dz COr AR MAL, 2:8MBMNEIEN (BEF) 242 THE L R
6lc=Y, BEMERMIE A L kHz, BREHFAE 0.8mA TiT- 72, BELZKRIE, R0) (PR
L — B E 20K), R(16) (40K), R(21) (40K) » 3K THB, =03 ADBORR AL,
RPGEIE & ¥ & % 2R T O, FRE TR, BReAMESTEBL TwLvwa T, RI6TE, &
KHEFH %D L L o, RToERIT2HEEM T, X B, (32) ZRAWIEH
HETHD, T b, BIBELBET D ICIZRBRE /IS VIR, KBELZAET 512
BIFEHOKE CIRIRZ H V3 LEHH B 2 L ahhd, R(21) ORIRIC VT, (KREDH
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ARGL - EETE P RER - IR

FEIAL, RITCRT., EHOMERET = - — 0 TiT- 2, BB & 2 JOUBERE N A G
BRI H D 2 2 hth b, '

1wl
R(21) 2218747 5-2.72. 10720
s
=
=
-
[:4
=
=
=
S R(O) 20a7.084cn™ §=6.92510°%0
5
.
-
a
s
= RU16} 2203.363cm™!  s=1.22.707%

e 1 5 : 0

PRESSURE fore)

16 WIREI0cm o COEBELFHCT »"=0-0v'=10 R(0), R(16), R(21) &
EITA CORE () &EBEEEHR2 RMETEH & 0Bk

&2 BHRo 7 A5

’ . B 75 —Iig
N F o I 2
LI BEBBEE | iy, Miz)|  UGRE (em?)

R(0)(g"=0—-v'=1) 2147.0B4 cm™! 74.9 6.92x10°%
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Peak Noise Removal in Remote Sensing Image
Yoshifumi YASUOKA' and R.M. Haralick®
E B
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Abstract

A peak noise removal method based on local gray tone statistics is introduced
for detecting and removing scan line noise and salty noise in remotely sensed image
data. Each pixel in an image is statistically tested to determine if it belongs to the
same gray tone intensity surface as its neighborhood pixels. If its gray tone is out
of the 95 per cent confidence interval estimated from the neighborhood gray tone,
it is judged as peak noise and its value is replaced by the gray tone value estimated
from the neighbering pixels. In order to estimate the gray tone statistics, an assumption
is made that the neighborhood region is described by a linear or quadratic facet
surface model. It is also shown that this method can be successfully applied to scan
line noise removal by taking a one-dimensional neighborhood.
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Remote Sensing of Water Quality in the Lake — Atmospheric Correction
and Water Quality Estimation by Regression Analysis —

Yoshifumi YASUOKA' and Tadakuni MIYAZAKI!
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Abstract

Remote sensing is regarded as a potentially effective data source for the measu-
rement of water quality and for the environmental evaluation of water bodies. In
this paper, the water quality measurement by LANDSAT multispectral scanner data
is described. The discussion emphasizes the estimation of the model for water quality
measurement as well as the evaluation of path radiance and transmittance in the
atmosphere. First, the path radiance and the transmittance were evaluated based on
linear regression analysis between the LANDSAT MSS data and the radiance data
measured above the water surface. Next, a model for estimating water quality was
derived based on linear regression analysis between the water quality parameters
monitored on the lake and the LANDSAT MSS data after atmospheric correction
utilizing the evaluated path radiance and transmittance. The transparency and the
suspended sediment concentration were mapped from the LANDSAT MSS images by
the estimated model.
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For the planning of an efficient and economical air-pollution monitoring system.
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it is necessary to establish a procedure to evaluate and compare various kinds of
systems, including a laser radar system. In this paper, methods giving a basis of the
evaluation of a monitoring station system are shown.

First, a method to estimate the continuous distribution of air pollutant concent-
ration In a region is proposed. In this method, a spline technique is employed to
interpolate concentration data monitored at sparsely located stations. The method
includes a procedure to examine the agreement of the concentration distribution
through interpolation with a true distribution, Furthermore, this procedure finds the
number of required stations among the existing ones.

Secondly, a method to select from existing air pollution monitoring stations those
stations that can be removed is presented. The method is based on the procedure
described above, especially to determine the number of required stations. By this
method, stations to be removed are determined sub-optimally for typical distributions
of pollutant concentration.

To show their usefulness, the methods are applied to real data of oxidant concent-
ration in the Kanto region in Japan.
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Comprehensive studies on the eutrophication of fresh-water areas — Geomorphological and hydro-
meteorological characteristics of Kasumigaura watershed as related to the lake environment — 1978-
1979. (1981}

,_,Xi_



No.21+*

No.22*

No.23*
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No.25*

No.26*
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No.31*

No.32*

No.33*

No.34*

No.35*
No.36*

No.37*
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Comprehensive studies on the eutrophication of fresh-water areas — Variation of pollutant load by
influent rivers to Lake Kasumigaura — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Structure of ecosystem and
standing crops in Lake Kasumigaura — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Applicability of trophic state
indices for lakes — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Quantitative analysis of eutro-
phication effects on man'sutilization of lake water resouices — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Growth characteristics of
blue-green-ulgae, Microcystis -1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Determination of argal growth
potential by algal assay procedure — 1978-1979. (1981)

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)

Smog 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 costal region — Simula-
tion of atmospheric motions and diffusion processes — Progress report in 1980. (1982)

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

Comprehensive evaluation of environmental impacts of road and traffic, (1982)

Studics on the method for long term environmental monitoring — Progress report in 1980-1981.
(1982)

Study on Supporting Technology for Systems Analysis of Environmental Policy. (1982)

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

The development and evaluation of remnote measurement methods for environmental pollution—Re-

search report in 1981. (1983}

* in Japanese
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