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Table 2. Nominal parameters and rated values

of tested DC servo motor. 1B 3445 75 mm LI
rated output 0.8 kW K, 0.48 N-m/A

rated current 11TA L 1.8 mH

rated speed 1,750 rpm R 0.66 Q

K. 0.48 Ves/rad | J 9.8x10"*kg m?

6/6

M OFINI A 2 F53 b F, FRIRICE L

[ ][]  Fig.1. A snubber energy recovery circuit. [ J[ |
] 1112

[1(5) f#frea>ta—Fyial—yareicky,

FEHHE £ 12T —T 2 EERESE O, BNT XA —F DA

(MO LIRS 2 2 e 8T E N, 350 b FEHER 1 5@

zk; ......

DEERTLIRETH D, Fic, FHEWRE L’CZIS%%%(D@L
—HWEHHEIN0000, OOOODFHEEICHEELE
Jo
(FHE | 4R
] 117hU2

(23

A HEAD)

X

(1) B.Shahzadi: “Tow Distinct Boundaries for Feedback Tran-
sistor Oscillators”, Electron Eng., 63, 1, pp. 32-35 (1965-3)
T.'Denki, M. Hanai, and G. Misaki: “Future Technology for |
Power System Analysis”, IEE] Trans. PE, Vol. 130, No. 1, pp.
130-136 (1999-1) (in Japanese)

FEEKER « EHHET « U7 FER - [FE SRR Ok, B
5 B, 130, 1, pp. 130-136 (1999-1)

1. Tokyo, J. Kawasaki, and S. Osaka : “Research of Micro-
Hydraulic Power Generation”, 2001 National Convention
Record, IEE Japan, No. 12-26 (1991-3) (in Japanese)

B, JHIRRER, KB=8R - [~ A 7 uKEFEEOFE |, T
13 FERF =2 EAL, No. 12-26 (1991-3) B

(2)

O SES ST
° v SIS

(3)

(10)  B. Yamada : “Experimental studies of new micro-mechanical
vibration systems”, Proc. IEEE Conf. on Micro-mechanical
Component, No. 21, pp. 123145, Paris, France (1999-4)

ﬁgzzzgj P 1 TH 3

T F K B (GEER) 1934 F8HIHEE N, 1957 3 A

ERFEQLERIEE, R HER () Atk
Fr L UEEEER, VAT B E
] ANTC, YA Y RAYIC & 2 M T e il 2
28 mm & DFIFRL R e, TTXT7—xL 27 bu=2 2
R Wik, BifE, FAREMIIETR, ToML,
22 mm

CELIERAORNT, OB TT N COZEEFEN 2T 2)

&ﬁ#%uﬁﬁ

u,ﬁiw
i, Sk
DHTIZHHA
T %,

R RS

WomEow
REGES



Paper, Technical N

25 mm

178 mm

ote DYERE A 1143 2

JFEAs O] (Paper,
Technical Note, =
Letter) %7 < Paper

3frolr s

16 KA > b £7213 24 #&

12m4/kitu18ﬁ—]

16 mm
S

!

I 1fib0 3

r .|*
Taro Denshi* Member 9 KA b F 03 13 5
Hanako Denki** Non-member

11TH1J %

This paper presents two multiwavelength methods to improve the accuracy of a DIAL system for measuring |-
SO, in the lower atmosphere : a dual-DIAL method using three or four wavelengths, and a curvefitting method |

using five wavelengths. By the selection of appropriate wavelengths, these methods can eliminate the effects %
o of ozone and aerosols. Since there is no significant difference in accuracy between the four wavelength dual- |7
& DIAL and curvefit methods, the former is advantageous for SO, detection in view of the measurement and data %
8 processing speeds. %
- ‘ 8 KA b E T 128 | 117b0U%
é Key words : laser radar, SO,, DIAL, multiwavelength differential absorptlon
T l=x a0 10 44 > b 27213 14 % b1 s
2 Atmospheric N
% ]Dl . 7‘I%)l'ltrOduCthl’l Mo|ecu|e.s TOLEHIC
DSIL,IDAR (LIght Detection And Ranging) has been used and Particles ‘f i’g%%{ﬁ
for measurement of atmospheric pollutants by Raman atter -
scattering, resonant fluorescence, and differential
absorption”. Fig. 1is a schematic diagram of a LIDAR Measurement
system. This apparatus transmits laser radiation into Height
. Z’szli the atmosphere, collects light backscattered by atmo-
‘;t spheric molecules and particulates using a receiving
134, telescope, and converts it to an electric signal using a
photodetector such as a photomultiplier tube. The Lasel‘U ;Zf:;:‘:e
measurement height is obtained from the time delay
between illumination and detection. Therefore, to %r?j? % Photon
measure the height profile one measures the received Detector
photon counts as a function of time delay relative to Signal
illumination using a multichannel scaler. The measure- Processor
ment range resolution AR is determined by the time OB 2 25513, thiuz
width of the channel At=2AR/c, where c is the speed of . o
light. The smaller the time Af, the better the range ")) Fig. 1. Schematic diagram of a LIDAR system. [ 1]

resolution, but the photon count per channel becomes
less and the relative error larger.

This paper examines DIAL (DIfferential Absorption
Lidar), a method to obtain the concentration profile of
the measurement target molecule from the backscatter
intensity at two or more illumination wavelengths. The
measurement target is atmospheric SO,, which is a
substance causing acid rain. Until now, measurements
of atmospheric SO, have been limited mainly to cases of
localized SO, concentrations, e. g. smokestack exhaust
and volcanic eruptions®~®. 1In these cases, the SO,
concentration is over 100 ppb, therefore the measure-
ment was relatively easy and the measurement accuracy
was not a problem. However, when measuring SO, in

1 11502

We performed a theoretical analysis of the measure-
ment accuracy of conventional two-wavelength DIAL,
and indicated the necessity of elimminating effects due
to ozone and other substances which cause measurement
error®. In this paper, we examined the measurement
accuracy of dual-DIAL methods using three or four
wavelengths (consisting of a combination of two two-
wavelength DIAL pairs) and a curvefit method using five
wavelengths.

[J2. Multiwavelength leferentlal Absorptlon

[12.1 Fundamentals of DIALDDT he received en-
ergy for a LIDAR is given by the following LIDAR

the ambient atmosphere, its concentration is of ppb i{ equation :
order, and the measurement accuracy becomes an issue. ; (KDBEVIZ2FHET 3 ]AR
!7844 [EAR, A)=[FEonA] o2
*Technical Research Labs., Shin-nichi Electric Co., Ltd. :
8 &4 >+ 7-2, Gobancho, Chiyoda-ku, Tokyo 102-0076 Y exp [—ZIR(aO—Fa/I)dR’]
£721& **Technical Labs., Kagoshima Electron Corp. 0
12& 2-100, Daikan-cho, Kagoshima 890-0099 e (1)
BH¥WC, 1184555, PR 10F 1
24 mm BINFHZVE2FET2, I, HABFO 159520 2545
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7 i7Analysis of SO, Measurement Accuracy by Multiwavelength DIAL AR
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" Table 2. Nominal parameters and rated Val-Dlj‘
ues of tested DC servo motor.
[SR]5 rated output 0.8 kW K, 0.48 N-m/A
g 1/0 ;& rated current 11A L 1.8 mH
rated speed 1,750 rpm R 0.66 Q
K. 0.48 Ves/rad | J 9.8x10 *kg+m?
1 15503

Here E.(R,A:) is the backscattered photon energy
received from range between R and R+AR from the
illumination laser, A; the illumination wavelength, FEo
the illumination energy, 7 the optical efficiency of the

{D4. Conclusion

[ /In this paper, we calculated the error due to ozone and
aerosols in measurement of SO, concentrations of ppb
order using DIAL. The statistical error of the return
signal and background noise can be overcome by im-
proving the system constant (laser output, receiver area,
optical efficiency of the receiver). On the other hand,
systematic errors due to ozone and erosols are inherent
in the measurement method, and cannot be eliminated
solely by improving the system constant. In conentional
two-wavelength DIAL, the systematic error is over 1.5
ppb and the measurement accuracy is insufficient. In
order to improve the measurement accuracy, a mult-
iwavelength differential absorption method using three
or more wavelengths is effective. In this paper we have
considered dual-DIAL methods using three or four
wavelengths and a curvefit method using five wave-
lengths, and indicated that the measurement errors due
to ozone and aerosols can be reduced relative to conven-
tional DIAL or eliminated. When these methods are
compared, four-wavelength dual-DIAL is superior in
view of measurement accuracy and measurement/
processing speeds.
(Manuscript received September 25, 2009,
revised March 10, 2010)
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