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Transmission measurement system for visibility based on

integrating sphere applied to light splitting and receiving

Zhang Shiguo, Fang Haitao, Wang Wei, Wang Min, Wang Maocui, Liu Zhen
(Anhui Meteorological Observation Technical Center, Hefei 230031, China)

Abstract: A new transmission visibility measurement system was introduced. Integrating sphere played an
important role in monitoring and receiving light. The white LED light source in this system was
modulated by external high frequency pulse signal and demodulated in receiver, which would effectively
detach the interference by stray light. Integrating sphere was applied to monitor variation of the light
source, which can eliminate the error caused by the instability of light source. The collimation lens and
beam expanding lens group makes divergence angle in 1 mrad. The high reflection mirrors increase the
optical path in the limited space, which also increases the volume of sample and shorten the baseline of
transmission system. Adjusting optical path becomes easy by telescope and integrating sphere. After
completion of the system, comparison experiment was made with nephelometer. The result shows that the
relative deviation between two systems is less than 4% from 1.7 km to 20 km.
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Fig.1 Structure of transmission measurement system for visibility
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Fig.4 Relative error between transmission system and nephelometer

B/, SRPKEWER, GBILETE 1.7~3.5km
AL AR AE X B S EE R T 85% , X 20 T
IKIRHE R T 14.68 g/m?, P 5 18 B 1 418 22 91 24
3.4% , RUPKIRWE AN S) . S35h Bk EE it
SE RAE, SRR 2 5 L/min, REMAFUN, BE
R TATCFEN S G IR RFE, Lk iE
B 40 m, RAEARTRZ K 130 L, WA R 58K kL 23 [A] Fl
SRAEARFR2E B, 7K VR FE 25 (8] 43 A7 AN 357, D0 A X
WZER, BEE DI B, AT B ) | 5R UL 5
Th i85 KPR AN 5 (R AR G 152 22 5808 | [ 3(c) Al
KR RE 66%~75% , A 5 48 BT -3 2202 2.1 %, A0 %)
REUNE 4(c) TR N-1.46%~1.95% , B KITHE
N AT ST RERE DS/ IS M RHR 22 0 /N WA 4(a) |
(d) % 1 A X 152 22 3 1) —0.43%~0.96 % F1—1.27 % ~
1.43% ., #HEISHE WEETE — & XN SRFEAS — 205 | i
) 1R 2502 P A R G A G R 22 1 BRI

4 4 &
TR BR AN RN 135 5 2 2 4 RS
Wt AL B A B AR S, B — MR | fig

UL PEEFRUCR B 2 S8 s A s BT, A B s 598 — 2
RUEN ARG RA R RENE, JCHERER S

1017003-5



TGk TAE

% 10 21

www.irla.cn

% AT %

GBI IRZE W BRI (IR ZEAE 5 km
Bt 71.0%3k /N BN T 4.0% , 36 B ER T LA R
POCIRAA . INZ5 AR RS BRPIR A, 7K R B e JEE
KB T 3 AN 1 50, T 2R e e 1R 2 A AR RE DL
KT mREILEE, [F] i AE UL A4 722 Ak LE 45155 AR X 1 5
A B L E R AR

FUAT S ST B RGNS R S 525w
BEATXF H I3, X M 42 VA Al A ORHIR R R i fiE
WLJEBA AR, ARAHGLE A RIS LR S
FEVERAERAE . F AT HOR R i A AR e
S AT S, TR S e
RAEHHAL A ) RO LI, Bk R GRS E
Pe, RGEHOLIRBERER SRR Ot
BRI AR SR N ZOM 2 BLHER e 3R 48 W B AL = 2L
MR 2, T — BT S8 7 RS R R
AR GLI TR ZE I TTRR

SE .

[1] Park T. Visibility monitoring guidance[P]. US, EPA-454/R—
99-003, 1999: 28-50.

[2] Tarel J P, Hautiere N. Fast visibility restoration from a single
color or gray level image[C]//IEEE International Conference
on Computer Vision, 2009: 2201-2208.

[3] Feng Shuai, Jiang Lihui, Xiong Xinglong, et al. Lidar

visibility inversion with breakpoint signal [J]. Infrared and

Laser Engineering, 2017, 46(3): 0330001. (in Chinese)
i, LR, REXGRE, GF. HA KRR T RIBOLTE AR

[4]

(5]

(6]

(7]

[8]

(9]

[10]

[11]

1017003-6

JERGE ). 204N S50 T AR, 2017, 46(3): 0330001.
Kreid D K. Atmospheric visibility measurement by a
modulated cw lidar: author’s reply to comments [J]. Applied
Optics, 1976, 15(7): 1823-1831.

Sessa E J, Sessa E J. Automated surface observing system
[J1. Journal of Air Traffic Control, 1993,35(2): 4-8.

Gao Yuanyuan, Shu Zhifeng, Sun Dongsong, et al. Application
of integrating sphere in Rayleigh wind lidar[J]. Infrared and
Laser Engineering, 2014, 43(11): 3547-3554. (in Chinese)
b b, A7 AR, FhARRS, GF. B BRAE SRR XUHOE ik
T I I]. 2050 SO T2, 2014, 43(11): 3547-3554.
Liu Hongxing, Ren Jianwei, Li Xiansheng, et al. Radiometric
characteristics simulation of large aperture integrating sphere
bosed on LightTools [J]. Infrared and Laser Engineering,
2013, 42(4): 960-965. (in Chinese)

Shi Shunxiang. Physical Optics and Applied Optics [M].
Xi'an: Xidian University Press, 2000: 299-314. (in Chinese)
AHE. B 5 N DG A M. Y2 P2 B TR
£ R AL, 20000 209-314.

Organization W M. WMO Guide to Meteorological Instruments
and Methods of Observation[M]. US: EOS Transactions, 2008:
1-55.

Sun Jingqun. Laser Atmosphere Detect [M]. Beijing: Science
Press, 1986. (in Chinese)

IV, BOEKR RN M. JExt: Bz i it 1986.
Lawrence M G. The Relationship between relative humidity
and the dewpoint temperature in moist air: a simple
conversion and applications [J]. Bulletin of the American

Meteorological Society, 2010, 86(2): 225—-233.



