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Fig. 1 Optical principle of transmission visibility meter

I, AT Gl AL 4 — BB L5, Wi s 42
W e R 1, B M AR I B Y R Ok R S &
St Y HEAE SR A5 T O R AR A AR A T OB R R
KRG (E .

XTTARERE W M e =0. 02, REWEE V
%:,[5]

—1In(0.02) 3.912
V= = ’ (1)
B B

Krp g ARIIHCRE.
M P& Bouguer-Lambert E 3 1] 15

ﬁ:%mudn>:%nnu44nh>, )

3

1(aI, Al
AB:Z( I, 1, )
Horp AR R REWIR 2 AL REFHO6E I, 1
DR 25 s AT JEREOGSR T, &R 2%, OHRXAZ
W T R, (RSN TR L
SRR B AR X R 22, B IR I R G RO R
FEXT R 2E . %D P T A4S 2 8 UL EE I
ARG 1% 22 5 TH O R B X iR 22 Z B 1 C RN
AXE/—ABB,E'# AV ZREWE MR, MLl
P, 201 e 0 1 R X 1R 25— B, AT O R A
ZIN o B AL O R X R 2R AR . AL IS A RS
B 1% B DL B2 s TH O R BRIN B8 UL B I S 1) AR R 358 22
B, MEEWEE V R 10 km B AR (D, R
SRR 9 3.912X10 " m !, 5 ERAE WL R I A
FIFHXTIRZE N 102, ] AB=3.912X10 ° m ', fE%E
LN L=70 mi, X GBH

Al Al . »
T + i =L X3.912X10° = 2.738 X10*,
0 1
4
o . i Al Al
TE R B K% B9 658 A2 RE T G i < i .
0 1
B (3) (A4 5
1|AI
AB |~ — , 5
A~ T (5)
Al a~ 2,738 X107, (6)
1

H1 (6) 20 AT 1, 7 BE UL BE I B AR TR R A AT R 25 A
1020 LA, DUl AT 25 't 5 300k 1% R Xk A i B o 20
R 2] 2. 73890, e e i I A 1 2 JEE 2 il 24
AE DL RE I N B ) R R 2 —, R AR
G B 22 A7 R X 73 A A T 525 4 3 A S L A
I 22 1 IF T I R 2 B T EEOR UE AT A5
T

a) S HILA WO B4 0 1A TE 8 5

b) A S/ WO A IR R AR E 1R N A2 (T
VR BRI 1) 5

o) ST R BRI A

d) MR 22 CRE UL JEE AR B0AE B2 1 1 't 2 280
AFERE AF T HEAT TR 5

e) ARG T AR ENE 5

D JHIE RN Z G TR /N B A S 1Y
TEFEAL N CR R TENLS) | I B 4 15 5 2o AL

@) KPFHTHE S T 51 8 T, DL A& 15 48 1)
HIUG T3 AN R 5

h) RATGY T R4S

D IR AR (R L5 KL 2 T 20T
e R B PO BAT AR E UK L T A 2
A i B A P ORTEE D

Hopaa) (b AL D =3 936 [R) R BRI AR
HL PR s SRR B RO BEEE RS s O M D R T
PR MRAE AR 22 5 ) R BT, ol Ll i
XA D't AR SR BT ) A i A 5 o0 L dD A b i
HE R LA BB A B o R ICAR I B AN
JE F Ok A DGR AR AT EBOR SR E S R
P S MR P DA B /U e A AR B R AL R
16 bit DAL 73 B 3 58/ B0 e 6 4% B0 AT 3 2 SR A
AR ZE R ESR . O T DRAIE A S AL AN S AL B X 1
HORE PRI R R R L O BE A R 2 U m A Y
O DX SRR 3T PR

3 O H ML AR A

9T BIRFE O L HR 4 X BE UL R I R 4 5 A
SO AN R B OR s R 7 A 5 i B R % e R
1% /B A i 1) A A 20 B R AR A R ) L RS B O R
OGBS FIO'G HL R A A P B a9 X 8 DL e A
i %E B 1) TR

ASEDCHE AR T HEARIRERZ R
PRI 7 77 2 L 725 7R FE R X A 1, -8
TR S X L 0 T A2 S L R R R . Tk
B 2 L O 7 AR B - R — R A B

1204001-2



E48% F 12 81/2021 £ 6 A/HEMNA

6T A A, %I T2 S0 AR
S RATHCR THCE 0

L (7
7 qP; '

AT, HOEE g A T 0, RUEK
A RPEEE . X TR A BOE O AR RO
TE I R E R,

HY

I)h 77(1/\
R, =" 17
CTP, T he (8)

Xfh HEMEFL e RESPROLHE: P, A
SHegh R,
BE By A Bt B B IR o A O

E,(xay) JUAGOEIAR P, h

P, :JEA(x,y)dso 9

FERS L, A TR — 2 B TR TR A
R BRIE R g A 2 SRR B ROR AT A — R A
SN R TR BLZIE N (e, y) . TR
ARRBEZ LM AT — AR d 4R E
X% AR XA SOE T AT — E O,
W R B e B9 E LR R A D A D L AR
Rk 3 S

OGBS 6 R AT BUR AT L A (s ) A
871N DX P D' A F AT AR s

I, :Jrj(x,y;x .y )qA{

o hc

1—expla(xsysz’ sy )d] VE, (x.ysz’,y)Hds’, 10)

(/s y ) NE ey y) BHEDOE BRI B8 A bR, H
(0 AT LA W 7E WA A6 B B0 T L o 4
TAE XA 500 B3 S EBOA BRI A T, BT
DL TE 45 58 MG RS OL T s ASHOGEFE O ik 4
RO T AN [ DX 3T 7 A 14 56 AR W 3t A ) DA A3
SRR 2 (1 A G ERAFAE — R AT EE . 4

R, (x,y) 2}%7](1',y){1*exp la;(x,y)d ]},

an
UUES)

I :JRA(.r,y;Jf/ay/)EA(I,y;x/’y’)ds/o
a2
fBE O B 2 2] o3 A, U (12) 2R ABCS Ol
Iph:EAJRA(x,y;I/,y/)ds/o (13)

A G BEBCI RO i A SO b ) T AR B
ZIN S DU DI BRI Rl P O H 8 48 e 107 8 R (e s ) T AR
] W (12) FFT R /96 AR L IR 2 Al DLk S
I,.,=R,(x WIE (zoysa’sy)Dds’
i (9 A1
I,.,=R,(x,y)P,, (14)
M (1O TR R, Cae s ) B SR Ol v, A48 A9 ) 07 52
15 H H B AR K AU 2260 F Ot B A8 41 8
F B AR5 M A 77 200 52 e AT L 220 TR
W R EL o 3 A AN ST P T LA Z S AN, B (LD
TR, Ol H A A8 ) B Y R X A M T
RO o) Y T O L B T X B B
BB DX Y RS SR AT BRI T B0 X 1Y 300 5 2 H

T2 X E GO, BE A0 RN R B X 2
AR BT R 7 ooy R U 601
DB Gedp i AR W L -2 XN G R, & F
RO (s y) B .

TR IR B 34 ) o3 A HL A o R A SR, Dl
(13) ZC T 755 18 R G 2 X 40 00 s 1) 8% A SRk T i AT
() XoF T 2 B AR I T 5 X S BRI A Y
P TERE P E B — WA, X E W RS o A
1) 6B 1) B2 A AN 72 R0 4 SRR T 7 I D' BE I RS
e RS R I N A | I <3 R 5 o R 3
i ) 5 B T B, O BRE TR RS X I A R A A B Y BT
Bk AAS T

A6 AR T AETE & AR U, H e 1
(R LA B A, W L YA A/ o AT TR P T R A 1Y)
iy 3 L RS R AEL RN U, BRI

Ui =Rel,, =

RFJRA(I,y;x/,y/)EA(I,y;x/,y/)ds/, (15)

Ry SRR A HIT E R e 119 B 15t F B, S5 56 v 1
FRFRME 100 kQE1 %08 . % s BH A ARIR IS fH, O
IR 75<10°° Q/°C, ENIRERERE 24 C. A
FER 290 15 Q. LI A 52 e 1] L 22086 AN it

F T GG EE 9 T AL /N L AR EE XS Y L O
B FE R (s y) AT 357, 0 (15 X AT 5y

Uom :RFIP], :RFR,1 (1 7y)JEA (l % ;1“/ 9y/>d3/o

(16)
(16) A3 13 45 Rt 2 R Uy, Rt A
Uou!:RFIph:RFR/I(I’y)PAo a7n

1204001-3



E48% F 12 81/2021 £ 6 A/HEMNA

AT ARM G AR OSEREA TR A A
[Fi) (57 Ak 0045 A9 HRL T ] AN (] 3 AR 30 00 45 7y v, s e
LAHE S0 3 E 4 73 A o

AR LA 0 A 120 3R] AT, R0 45 79 i
U5 CBE 3 A PRI i 0 7 P 2 5 1 R AR X 3 7%
A5 YOG BRI PRI A% SRR N, 40 2RO BE S A
IR 5 W IO A0 A X7 2 O 00 % S PR AN RS
L PR I % HURGE b O BE R T R R A A
SR 30 55 M B AR 0 A T ) ) A X 2 RS A G L BRI
i 5 RN gt W L AN 2 50 5K 5 A SR e BE S0 A1 22 i
PRI 85 00 7 AN 143 50 UL 0 45 i o R O S A o AR AR
05 SRR L ) D' BRE L ) RO % T -5 00 B A
o BECJRTAT (] F) AR T2 A% T 5 5 B -5 44 0 8% i 197 AN 2
BYI0K 5 USRS IE I3 AT AN I B o iy 400 2 0 17 A1 1)
20 DU R I 15 A Y R 3L 5 R S R U 5 SRR T L Y
DB T A5G T -5 1 B AR N 4 SR T ] A A
XEAER TOIE . 24 G B R BT o 4% 00 i A0 2R
I BRE 3 A1 R D00 85 W 5 AP AN 249 57 UL 0 45 e o R
T AME 5 B2 R e H A A% i 5O BERNER
) e A T (1) P AR T 52 8% A7 G B IS 5 % 000 % 0 7
AP YA S QRO B I T () AR X R Bl R
0 H P AN EL 5 G B Eh 3 S H o A AR A G
05 RN 5 WD IO A B4 20 A O 5 W ROEBE Sy A 50 T
RN 45 0 S5 AN 2570 UL 000 25 i ) R I A 1EL S R %
BT O BB oA 56 3 S5 ) BE A N i Ak
T [E] PR AR R 2 A% A 5% BV 55 #8500 48 Wi AN 2 20
IR AR BE 73 A3 AN 429 50 TN 85 0 57 4492 U 00

i RV PRI A OB AT A O BB R AT G T
5 G TRE IR DN 45 0 1) Fr) R X2 B TE G 5 An SR B
ARG /)N BRI PN A P 45 i 1S R R A 4 2 O B
TEABCRRTAT - P /N TRl P TRAS I P 000 25 i ) oL O 5 R
25 AEURR AT L B4 G BRE T R S T ' BRE AR 5
T [R] PR AU (3 3% ) 52 00 1T 2208 AN

AR LB F— S BR824 2] 70 A 19 6 R
RS PRI 2% 50 AT LA AL i 5 R EE AL X RE WL
JE I R B SE R o G RO BRE 4 g DX R R AR A 52
2 B P O B R 0 A T R X5 S 1) S 0 R/
DA K PR 0 25 SR8 ) R/ IN S

4 JUBE SN 5 Wi 1Y) S5 6 0 4

TN RE O L TR A O R e B R Y B A L 3
TF TN 2 R B SEER R E . S I Sy 4 ] PR
AR T ) 3 BRI RS 5 K A R T A R R Dy
1 kHz & 3.5 VY bk i 75 95 5K 5l 2 T 4R 06
#f th 650 nm MYLLOG . H i OL R £l — E HE BOF
E PRI 5 i R 1 G A ol RS A R 2 b A G B
HAEZIH 0,30 mm; BT A LR oL A
LA G Bl 2 N s Rk A e BE T R 2 M
FOt Horb i —SOGHE A G i, T AR I T i e 4
OOz LU R TR MR PSR R e e R LR AR S
JH R K 807 0 1 32 B3 BORUHE 5 53 — AROG i b 1
ATt AR D A M I A Sl B O T AR iy A2
A B, 5256 Ol 4R 2 SO 2 L K
6.0 mm MIETTIE .

standard - :
1 digital low noise
aser power : .
multimeter preamplifier
meter
A
laser / P photodiode
T

Bl 2 o AR Pk AE I sl i S0 00 3 B

Fig. 2 Experimental device for performance test of photodiodes
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Fig. 3 Relationship between effective value of output
voltage of two kinds of photodetectors and

displacement relative to detector center
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Table 1  Contribution of spot drift on sensitive surface of UV-0""DQ type photodiode to relative uncertainty of

visibility measurement

Relative deviation Relative deviation Relative deviation Relative deviation

Distance from | Voltage ot Cibiliy(@V = of visibility(@V=  of visibility (@V = of visibility (@V =
ifﬁﬁﬁi?i voltage ii:g; 2 km,L =70 m, 2 km,L =30 m, 10 km,L =70 m, 10 km,L =30 m,
/inn‘p /v Ty B 1596 X 107 B=1.596 X 107 f=3 912X 10" =3 912 X 10°
m ) /% m /% m /% m /%
0 2. 9880
0.10 2.9878  0.007 0.06 0.15 0.26 60
0. 20 2.9874  0.021 0.18 0.43 75 1.76
0. 30 2.9868  0.041 0.37 0. 85 1.49 3. 48
0. 40 2.9860  0.068 0.61 1. 41 2. 47 5. 77
0. 50 2.9850  0.101 0.91 2.11 3.70 8. 63
0. 60 2.9838  0.141 1.27 2.95 5.16 12.05
0. 70 2.9824  0.188 1.68 3.93 6.87 16.03
0. 80 2.9808  0.241 2.16 5. 04 8. 82 20. 58
0. 90 2.9790  0.302 2.70 6. 30 11.01 25. 69
1.00 2.9770  0.368 3.30 7.69 13. 44 31.37
1.10 2.9748  0.441 3.95 9. 22 16. 12 37.61
1.20 2.9724  0.521 4.67 10. 89 19. 04 44, 42
1.30 2.9698  0.608 5. 44 12. 69 22. 20 51. 79
1. 40 2.9671  0.701 6.27 14. 64 25. 60 59. 73
1.50 2.9641  0.801 7.17 16.72 29. 24 68. 23
1. 60 2.9609  0.907 8.12 18.95 33.13 77.29
1.70 2.9575  1.020 9.13 21.31 37.25 86. 92
1.80 2.9539  1.140 10. 20 23. 80 41.62 97.12
1.90 2.9502  1.266 11. 33 26. 44 46. 23 107. 88
2. 00 2.9462  1.399 12. 52 29,22 51. 09 119. 20
2.10 2.9420  1.538 13,77 32.13 56.18 131. 09
2. 20 2.9377  1.685 15. 08 35.18 61.52 143. 54
2.30 2.9331  1.837 16. 45 38. 37 67.10 156. 56
2. 40 2.9283  1.997 17.87 41.70 72.92 170. 14
2.50 2.9234  2.163 19. 36 45.17 78.98 184. 29
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Table 2 Contribution of spot drift on sensitive surface of 2CU™" type photodiode to relative uncertainty of

visibility measurement

Dictance from Voliuge Relative deviation Relative deviation ~ Relative —deviation  Relative —deviation

Output i of visibility(@V = of visibility(@V = of visibility (@V = of visibility(@V =

::: Eeitez (;fl voltage dfvlf;:;n 2 km,L =70 m, 2 km,L =30 m, 10 km.L =70 m, 10 km,L =30 m.,

/gmm‘p /v VB 1596 107 B=1.596 X 107 p=3 912X 10" F=3 912 X 10"

m ) /% m ) /% m ) /% m ) /%
0 2.4270

0.10 2.4266  0.016 0. 14 0. 33 0.59 1.37
0. 20 2.4257  0.054 0. 49 1.13 1.98 4.62
0. 30 2.4242  0.115 1.03 2. 39 1.18 9.76
0. 40 2.4222  0.197 1.76 4.12 7.20 16. 80
0. 50 2.4197  0.302 2.70 6. 30 11.02 25.72
0. 60 2.4166  0.429 3. 84 8.95 15. 65 36. 53
0.70 2.4130  0.578 5.17 12.07 21.10 19. 23
0. 80 2.4088  0.749 6.70 15. 64 27. 35 63. 81
0. 90 2.4041  0.942 8. 43 19. 68 34. 41 80. 29
1.00 2.3989  1.158 10. 36 24.18 12. 28 98. 65
1.10 2.3931  1.396 12. 49 29. 15 50. 96 118. 91
1.20 2.3868  1.655 14. 82 34. 57 60. 45 141. 05
1. 30 2.3800  1.937 17. 34 10. 46 70.75 165. 08
1. 40 2.3726  2.242 20. 06 46. 82 81. 86 191. 00
1.50 2.3647  2.568 22.99 53. 63 93.78 218. 81
1. 60 2.3562  2.917 26. 11 60. 91 106. 50 248. 51
1.70 2.3472  3.287 29. 42 68. 66 120. 04 280. 10
1. 80 2.3377  3.680 32.94 76. 86 134. 39 313. 57
1.90 2.3276  4.095 36. 66 85. 53 149. 54 348. 94
2.00 2.3170  4.532 10. 57 94. 66 165. 51 386. 19
2.10 2.3059  4.992 44. 68 104. 25 182. 29 425. 33
2.20 2.2942  5.473 48. 99 114. 31 199. 87 466. 36
2. 30 2.2819  5.977 53. 50 124. 83 218. 26 509. 28
2. 40 2.2692  6.503 58. 21 135. 82 237. 47 554. 09
2.50 2.2559  7.051 63. 11 147. 26 257. 48 600. 79

M1 1 MR 2 Al A R R RO RE DL T L e A
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X BE L E I 2k AR Xk AN i R ) BT R AS ] D
1 TUBR A 5 76 [F) — JL 26 /] —RE DL E R DL BEER RS
2 T SR TR s I X DL SO AR A AN i E
A4 T KBRS s 7 TR B O B2 T Ol it A Y R
o7 Xof 5 DAL B8 000 g A Xk AN B 2 1Y) ot Bk e AN ) BE L
JEE ey s BTARAB RS Jox 5 SRR R LR A v

AL JEE s 0 R X % 2 R L 5 R — B, e, AT
PLIA S ' HE B A A ROE 25807 e B DL 3 6 A X6 AN
B 2 JE Y E R BT —

P 1 R 2 0, [al ROSF JUA% LA [) o 328 7
A [ 25 B ' R R A ) RO A8 X I DL RE 0 e A
X ANHA E BE ) TTHRAN [F] L HoA SEAH 22 AR O, 28 B
I A 37 S ACRE WL AT v, I O L R A T
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Abstract

Objective Visibility measurement is not only used for weather forecasting but also widely used in aviation, voyage,
highway, military, and environmental monitoring. In the visibility observation, the instrument measurement
replaces manual observation. Currently, the mature visibility measuring instruments have transmission-and
scattering-types. Advantage of the transmission type is that it can detect atmospheric transmittance without any
assumptions about the atmospheric conditions. Owing to the large sampling volume and high accuracy, the
transmission visibility meter is widely used in airports. Since several years, the World Meteorological Organization
has been conducting a tracking study on measurement errors of visibility meters distributed globally. The results
showed that the main reason for measurement uncertainties is the incorrect alignment of the transmitter and
receiver. Errors caused by this incorrect alignment can be attributed to spot drift, which is projected by the detection
beam on the sensitive area of the detector. In this paper, the influences of photodiode on the uncertainty of the
visibility measurement were reported, law of the influence of spot drift on transmission visibility measurement
uncertainty was found, and strategies to suppress the effects of beam drift were presented.

Methods The photodiode spectral response distribution equation was derived based on the quantum conversion
efficiency. In transmission visibility meters, photodiodes with large sensitive areas are the most general choice
because of their full energy utilization. However, the size of a sensitive area has its limitations; the spectral response
on the sensitive area is not distributed uniformly because the edge of the sensitive area is the recombination center of
photogenerated carriers, which implies that the output current of the photodiode is different when light spot with the
same power beam drifts at different positions. An experimental visibility receiver setup for verification was
constructed, and two photodiodes made by different manufacturers were selected. Their nominal sensitive surface
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area was 6.0 mm X 6.0 mm, and diameter of the light spot projected on the sensitive surface was approximately
0.3 mm. A micrometer was used to determine the position of the light spot on the sensitive area, and a low-noise
I/ V circuit was proposed to detect the output current of the photodiodes. The I/V circuit output voltage could be
acquired by a high-precision digital voltmeter. To reduce the influence of the laser output changes, a standard laser
power meter was used to monitor the laser output power during the experiment. In the experiment, the light spot
was always located in a sensitive area. The spectral response distributions of the two photodiodes were measured
separately, and the contribution of voltage offset error to the uncertainty of visibility measurement was derived
according to Koschmieder's law.

Results and Discussions Two types of photodiodes, UV-0"DQ and 2CU"™, were measured. Center of the
detector’s sensitive area is taken as the reference point, and the effective value of the output voltage of the
preamplifier is varied with the position of the light spot (Fig.3). The diameter of the spot was 1/20 of the side
length of the sensitive area, which satisfied the condition that the light spot is small enough (Eq.14). According to
the measured effective value of output voltage U and laser power, the spectral responsivity R, distribution of two
photodiodes was calculated ([Fig. 4), and the relationship between relative deviation of the two photodetectors
relative to the center responsivity and displacement of the light spot was obtained (Fig.5). The least-squares method
was used to fit the changes of the output voltage and responsivity with the displacement using a quadratic polynomial.
Based on the fitting equation, the relative deviation of the voltage relative to the voltage of the spot at the center was
calculated when the spot drift left the center position (Fig.6). When the visibility was 2 and 10 km and baseline was
70 and 30 m, the contribution of the spot drift of the beam on the sensitive area, which is relative to the center of
the detector, to the relative uncertainty of the visibility measurement was obtained (Tables 1 and 2). Measurements
and calculations showed that the center of the sensitive area has the highest spectral responsivity, and the farther
away from the center, the smaller the spectral responsivity acquired. Within a certain range of the center region,
the spectral responsivity is relatively uniform. Therefore, when the spot drift of the beam is limited to this region,
the contribution of the scale effect of photodiodes to the measurement uncertainty of visibility can be ignored.

Conclusions Owing to the limitations of the sensitive area of the photodiode, the edge of the sensitive area is the
recombination center of the photogenerated carriers. The region closer to the edge has a greater probability of
carriers’ recombination, and the quantum efficiency near the edge is minimized. Although the probability of the
carriers’ recombination in the center of the sensitive area is the least, the quantum efficiency in this area is the
highest. Consequently, the responsivity of photoelectric conversion in different sensitive areas varies, and its
distribution curve is approximately parabolic. The uniformity of photodiode photoelectric conversion has the optimal
value in the center area. Therefore, for the detection system that does not require high accuracy, more accurate
measurements can be achieved provided the light spot is located at the center area of the photodiode. For the
visibility meter, the scale effect of photodiode has a significant impact on the uncertainty of the measurement. When
designing a transmission-type visibility detection system, it is necessary to select a photodiode with a minimized scale
effect. It is equally important to optimize the optical parameters of the receiver to ensure that the light spot projected
on the sensitive area is small enough and center of the light spot is always located in a small area near the center of
the sensitive area. A uniform beam can also be used to overlay the sensitive area of a detector to effectively suppress
the contribution of the scale effect to the measurement uncertainty.

Key words measurement; photodetector; scale effect; photoelectric responsivity; visibility measurement;
uncertainty
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