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Abstract To improve the accuracy of the visibility measurement and the evaluation of the measurement results,
one method of changing baseline lengths visibility measurement is proposed. The least squares method is used to
reduce the impact of errors of the position of the receiver and transmittance measurement on extinction coefficient.
This can improve the measurement accuracy of the extinction coefficient. To verify the effectiveness of the method
and evaluate the performance of the method under different visibility conditions, one mobile measuring platform
is designed. Meanwhile a continuous atmospheric environment changing from high to low visibility is simulated
in the atmospheric simulation chamber. In the simulation chamber, using the mobile platform, multi-point and
multiple times measurements method is used to measure the extinction coefficient under different visibility
conditions. The results show that this method has a high measurement stability and consistency under different
visibility conditions. In the fitting process, coefficient of determination R* increases with the visibility decreasing.
When visibility is more than 3000 m, coefficient of determination can reach 0.9. Coefficient of determination can
reach 0.99 in lower visibility. The unit weight variance is between 10 * and 10 regardless of high or low visibility,
this indicates the method has very smaller discrete and higher accuracy, which makes it potential to be used as the
calibration of instrument and calibration of reference.

Key words atmospheric optics; visibility; extinction coefficient; changing baseline lengths measurement; total
least squares fitting

OCIS codes 010.1290; 010.7295; 290.2200; 230.7370

Y5 B #3: 2015-08-25; W BM& B0 B #3: 2015-09-15
ELWB: K AKPFHE A RNECS 5T H (U1433202) R 468 7 #1594 (TMSA 1458)
EE B EF I (1980—), J -1, YRUH, 3£ 2N F LA R4 F 5 . E-mail: zbzhuang@cauc.edu.cn

0201001-1



DI S R

1 5 7

AE DL B T AL S AT S ARAR M AT T R e A v RS 25 2 30 % Bl 938 A7 40 28 i DA B A 25 8 )
W4 ZB AT S0 b o i D B UL Ny o Bt P T 2 52 AL 7 B S IE R R0 DT BE RE A IE R R RN Bl TR A
Rif 17 1) 2 0 L BORS 8% 30 3 J 5Xi)

FEBLAT 28 KGR 5552 47 v, A8 D8 SR P ASCEAS ORI AR A T S8 30 7 e 08 300 7 2K, , i 0 T8 4 (R VIR ) 0
SURE A A I, R A8 S ASCRN AT ) #5051 B A 21 22 (IC A O)HE 7 1Y) = 2 (10 R DL J3E ) = A0 2 7, 8K
1717 375 5 S0 S e Wt oy 1) %o IE L TA2 4 A7 O R 5 0 R R R M RS HE TR 25 IR BRI 2 A M AR 8 5 v A R
S50 T B DL 0 S ) U 1R 25 A KM, ICA O v ] BT JRy 6 A7 S SRR [ #5048 e R e v/ o
RN 109%~20%"" s W F KABEIWE 22 ZF0 KR 520, 76 68 WL 15 22 1 852 S5 PF 0 b, 58 DL RS I 2
L ) i R X 0 e 2 R ) DAY s 24 2 T i R 1 i) S

il DL B e ) S FH T 2 IR ARSI 2] H bR i e KIE RS . W BRSO b T8 77 A0 W 8% — K
SR BN UL 55 S e SR DN 2 SR B A8 D RE 38 B R SO R K 10% LA L
TR e AU T 0 RE DL 5 R [ R 2K RE LA, FE XA SR R T R R R A R k2R . T H
TUBE UL B AR - B AR KT 76 SE B TAE b - 3085 &, AS [ 08 I 53 78 AN [ Ml o5 AN ) B[] AN ] 2245 R[]
KA X B UL A8 AL B A DA A [, A %o L Ja B AR [, XoF S i AL 0“6 5 B ™ F B At th AN ]
B DL 8 NS08 I S A S 194 2 O A R, N T O R DL (AN RE R A 0 e b X 1 L

A DL R %) 8 00 1 ) R e LA O i AL 00 4 B 3R T S KR S SR O R B AT B T A B K
B GHNAE 22 UK RE UL 3 0 2 45 SR 1) BL S rb Bl S BB UL B BR 1 (B 1) S 25 A AR E AR BT
R ZE . MISRHEAT T Bt ALY A R R SR A5 I 1] RIS AN X L S g 0 2 R 3R 1Y 7 S 2 2
i 25 5K o WEVT AP S5 b T b 5 WA KA A L W 28 U I T ) ST A AL R SO — 2 i 1 G R UL
ASC, I 5 SR R A AR B B AR R 25 3 3K 10% D) b, B RSB S A S AR I 25 43 5908 169% . 18% . FH ™™
FE XTI AE LB 2% T B RS S ASCRI A [ SR SO0 R 40 7R 55 (IS R AR E T R AR 14 I
220 20% L) I o AR AP 2 UCRE WL EE AN B S5 o, B SR 2 HE RN S A R AR TR S AR,
AR B A —BOEA AT 35 109", B8R 0R 22 105 % FLAE A5 58 UL EE N ' 22 5000 I o 15 22 J0 V6 Al 1, ) g
L K T 0 2R B i 2 SR ARG A 1 I R TN AR Y A aa bl

AR bR T R G ORI R 1) T 2 6 FR AR R BE D R T vk 2 Ak H At ) — S O R A R BE L
JE Iy TR AR B R o A B AR AL G A B T 2 A AL B I A X T e B R A ol T O
FE T A O R A R I KO B8 UL R AN RRE BE UL BE T 2 A5 A5 B N BT Rk AR PR 2
St OGN ECE AR AL R I T — B AR BE LR Ay i A T B AR R R Gk B G i AT
TREVLBE AT, JF 5 Vaisala (% FD12P f8 WL EEACHEAT 10 52 50008 1 O o 2 28 5@ S5 RRIE I 114 16l 7= A 1 R <
B HHARENLL © 258 B, IF 5 Vaisala 9 R S0E FHALHEDT T 8000 09 Fox o B ) S0 T —Fh 2 0k R 5 k3
SPCRE UL BE I i R G0 . 1 S AR AR CORI S S 4 4 O Ak X R L B DU o 58 L et T I L 1) I
T 8 R UL RE A B B Al SCAETUR DG TE B B I A RE Y 2 R AT AR B OB R L AT 1A — o R I
R TG R A FXE I e R % B8 UL R O 2R B T 2 v A A O 2 AR O S T Ak
AERHEAT BT H T 2 Gt B 5 ) A1 R D R I e 15 A 114 M B 25 S0 O S B8 S i L JRE T R 1R 25 1 KU

AR SO T — b L R K R ) B8 UL EE I A U T T — R LT 532 nm O A9 W B a3 2R K ] A
H I R G0, 76 SO m KA S R M L B0 S m DU i — UGB G R AR IR 2 A — R R d D TR LA T O
BN R P B AR TS R BT R RE DL . 7E TR I R AL R B b A TR [ BE UL
SR I S A B E R EIOR B AN Y 22 14 4 BT IE B T O i 0 R R e R 1 — SOk

2 IR
A A LB DR LI P, 0 5t 2R 25 0 A 4 00 k2 DS 8 A G B . AR Koschmieder 5 FE 73 5] T
ML 1A 24 SRR B WL JE 5 90 06 R B2 TR X R B

0201001-2



I I S 4
V:—lns’ (1)
XV HEEILEE, s A RAMME AT, ¢ W ARAIXT L 5E B . EHRL WM G A EH W e K

0.02. TEMLZS 24T H, 5 CHLHY Gz 38 B AL, W SR 278 i AR Y & 2 005, U] (1)U T 5 0l

_-In0.05 _3
V= s (2)

JEASCAR I B op A D2 M D K = I IE R N T2 — o NIRXERI I A B SUREIE A —
?ﬁz,ﬁij‘ﬁ()\—oss pm) B HUR RIS ) 6 X AR % i PR WA BT A TR, — i K, 5
AR A ()3 AT LASE B IR IEATIE IE

i)

A g 2 5REWEA LK KBER T
2.1 TEZKENE

JIT 1 S A R 0 AN e S o AR WS o P R R R R A R e 2 0 SO e KRR SR A A
FEL, S5 W) T4 06 3 BORN g DL 2 DN s oK B2 i) — D B R . BRER K s 0y I i 7 AT I B R RO ) B
Sk T Y A 5 TH P2 IR B I R R T 1O R B AR I R R

¥, T 7, 7. T

g ! [ 1 (R
<o, >~

— 0 —

P12 B s my I s B

Fig.1 Schematic diagram of changing baseline lengths measurement
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Table 1 Parameters of visibility measurement and evaluation system

Parameter Value
Wavelength /nm 532
Laser
Beam divergence angle /mrad <1.2
MSL-FN-532
Beam diameter /mm ~2.0
Chopping frequency /kHz 0.02~1
Optical chopper
Blade angle /(°) 18
OE3001
Data bits 8
Lock—in amplifier Input signal frequency range /Hz 10°~10°
0E1022 Sensitivity /V 107°~1
Photodetector Wavelength range/ nm 400~1100
THORLABS DET100A (Output voltage/intensity) /(V/mW) 22.5
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Table 2 Unit weight variance and coefficient of determination

Visibility /m Unit weight variance /10™ Coefficient of determination

6300 1.34 0.8552
4120 4.37 0.8927

Above 3000
3491 4.42 0.9194
3200 4.67 0.9291
2920 3.89 0.9492

3000~2000 2400 3.89 0.9395
2131 4.22 0.9699
1763 5.47 0.9739

2000~1000 1450 11.4 0.9648
1159 18.84 0.9619
921 15.37 0.9811
750 22.32 0.9818

1000~500

622 21.57 0.9885
525 37.34 0.9863
450 46.73 0.9872
350 49.54 0.9907

Below 500
245 115.6 0.9897
195 223.5 0.9885
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