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Experimental study on intensity distribution of scattered light on
the surface of dust accumulation photovoltaic panels

LI Xinzhe, GAO Aihua”“ , QIN Wengang, WANG Huachao
(School of Opto-electronic Engineering, Xi'an Technological University, Xi'an, Shaanxi 710021, China)

Abstract : A method for measuring the density of dust accumulation on photovoltaic panels based on scat-
tered light intensity is proposed to solve the problems of existing methods for detecting the degree of
dust accumulation on photovoltaic panels,which have difficulties in directly measuring the transmittance
of photovoltaic panels and high interference from ambient light. Modulated light is used in this method to
investigate the spatial distribution of scattered light intensity on the surface of dust accumulation photo-
voltaic panels based on the principle of angle-resolved scattering (ARS) measurement. According to the
distribution law of scattered light intensity, the relationship between scattered light intensity and dust
density of photovoltaic panels in a specific stereo angle range is established. The experimental results
show that the linearity of the system is better when the detector is placed on the same side of the light
source. The scattered light intensity increases linearly with the increase of the dust accumulation density
of the photovoltaic panel, and then the growth slows down gradually and finally tends to a certain value.
This method has good resistance to ambient light interference and can reflect the dust accumulation state
of photovoltaic panels intuitively.

Key words: angle-resolved scattering (ARS) measurement; dust density; photovoltaic panel; modulated
light
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Fig.1 The schematic of BRDF parameters
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Fig. 2 Schematic diagram of particle accumulation system
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Fig. 3 Schematic diagram of scattered light detection device
2.2 REDTCESERENE UTAS | oy . an
“R elpnA S,

TE G HL RN AR B8 1 it s R AR S B R 2
X SR 45 W P 249 T v AL R/ 7 A R ) R N 56
RN 4 Fros . AE S BRI G AR R N AR SRR
8] ) 90 23 A1 i DX I 5 30 DI T b B OB, P
7RI 7 L 3 Sl A A ) IR S AN

_ZA

———1/f noise
Generation recombination noise
Johnson noise and shot noise

n

4 ABRVUBEFDXRESZATEE
Fig. 4 Schematic diagram of noise power spectrum

synthesis of photodetector

S L T 2 Mt 7 B 37 4 D (8 P A MR 7 R ORE
M 2 YL an s (LD B
=il tik

Ao, 2, S8 B T A AR 22, b BORL IR 7S
ML B H B H 2R B T B R E (KD LR
Sy B R AL BELAE - A S T 45 TE e S EL T LA L T
g BRI T L

U4 71 4 P BEL A B T L L A 01 ORI 7
T LA 5 FhL 4 0 28 £ D 7 3 7 ol R (D T 268 1

2= 2el \Af A+ 2el NS (12)
BT, AR B H L L, g HR I S

S H 1R T LA R A J N 7T 4
TS 3 B P 0 2 B o, 390 I i R AT

PEP§E>5C5°

5 R 28 2 B A2 (13) T 0 G d5k /I 1T Ok
W NEP =2, 44X 10" W/Hz"*, I 51 A BiAR it
R £ AT A B, 3K ) B DR 7 Y 5 v R
RIS 510 T, Pl T 000 28 1 e 74 b B8 1 1L
T A A G 10 7 KR T LA K 8 0 £ R ik
BHATHRRN

(13)

SNR, _ VAfi
SNR; Af. ’

A, SNR, Fl SNR; 43 51k B AH B A% (%) B H3 1 g
AME MR, A fCRUA £ 5 o0 B il 5 5 ARG S

SNIR =

QYY)



+ 288 -

=

9
BYAR R 25 R — B RC B8 #% » 24 B 1] 5 4%
A 100 ms B, HLEE R MR A 6 Af. OF 2.5 Hz, LB}

{5 L B A 134 4%
3 XRERSHM

AR SR A () BRI %5 B 4 [ — B O AR i AT 52
B HASCH B 51 HAE I V5T 2 R G008 22, 60
AR T AT A MR AL B, 22 U S OCE 34 07 R
WA AER M. REr FEERERA THOLERN I
IR .
3.1 RIHARIRREBAGECREDH

MU T G AR B R A % B2 3 il o 1. 276 0
mg/cm® M 3.1197 mg/cm® WGIRIRINETE L &
F LRGS0, =45 BB TE G AR A R T L e R
BRI g K HO i 2H A i 7 2 R oo = — 1807 22
R —JH 2 . =180, R A LRI 2% 1 fy 13 5 = » &4
SR I 3z B I AL i A AL L o8 R R4

DA &8 T 60 o B A b, J7 6 fA B — 180°
Jiedk 2 1807, DL & &t iyt i) HICS 28 98 A E A A bR
(1 ppm=10 ), 4l 3 PRI % BT AR Ml i) %
Bl R £ B AR A g i 2 L S BT

200 T T T r
—=— (lean photovoltaic panels
180 I« Dust density:1.276 0 mg/cm?
160 .+ pust density:3.119 7 mg/cm?
£ 140
g
5 120
<
‘én 100
= 80 F
2
S 601
2]
40 F 1
20 N 1
0 1 1
-180 -120  -60 0 60 120 180
Azimuth/(*)

BS5 MRERERBBHALBETHLE
Fig.5 Variation diagram of scattered light
intensity on the surface of dust

accumulation photovoltaic panel

AL 2R A% R TR BT BT LB T (o =07,
0. =507 IRF o FEI 5 1 i F) S50 3 P O R A T e DX I
4 SR 5 0 24 T2 IS Ol WP 23 A G G O B
JER R - o AR (H 0 K s U B B I
PERE B 2% L SR I 5 7 1 Ak P00 25 S FOR I A B A

Ye BB - B 2023%F 34k

0 LA/ DN 5 T 2543000 245 B A 75 1) R GBI (o, =
180°, 0, =50°) I, st IS B35 't it B2 45 /0N i 2 52 M
SEM AR H 2R 1 B A e R B AV AR B
F G4 5 i MR L 0 A DU G55 15 5 9T DLk Bk 4R
W28 THCEAE 0. =180°, 0. =501 B HEAT I LR35 50 .
3.2 HMRIRRWBE SHSKRBERBPKXR

T A5 30 BRI ' AR A 3 T RIS 6 43 A L AT DL R
SR 1) IS O iR B 59 T B S AR Ot R R L LR B Y B
SV, HoAEE R A AN B O o )
I A5 B8 PR 5 A v 0 5 5 R L. O Fl R U 2%
BT OGR4k 52 50 ' B A ) O AR 22 L
N TR AR X 8 S ), 3 s ' A BRI 2 R 4R
5 16] BLAT GBI (oo = 1807, 0, =50 B A ] AR 2420
PR 2 T B OB B ST B A 9 B S B AR IR A
TGRSR .

F 20 C8) AT A 20 AR M BRI R R A IR ) R
N7 A Y LA RO O B R 5 O R OM 3R AR K B
R &R EBERUKE E/NT 2 mg/cm® 1)
IR E IR N O S R = R 1V o S (I NS
FIF7R

80 T T T T T T T

B Data point
Curve fitting

(=)
(=]
T

IS
=

Scattering rate/ppm

[N
(=]
T

0.0 0.5 1.0 1.5 2.0

Dust density/(mg/cm?)

Be6 PERRBEATHHALEERRREESL
Fig. 6 The intensity of scattered light
varies with the density of a small

amount of ash deposition

PIA LA E ZRECR =0. 972 4. 7] WLAE AR
i BRI AR B 3 /N RRUIK 5 o 55 L 3% T HICI O 5
ZIME R A, BEE BB E NS R, KL 2|
T R T 28 G0 15 1) R R &R 40 6 O O Bl DG AR
M RO %% B A8 Ak it e AT LG, il 7 fros . Al
Wi O AR 2% T AR 2 B AN W 4 LIS O
WK BRI AT —ROEE.



S5 300 AR BROBOG AR AR 3 T ST O B O3 AR S 46 BT 5

=l ®  Data point i
Curve fitting
100 [}

Scattering rate/ppm

4 5 6
Dust density/(mg/cm?)

B7 BHREERR EZHE

Fig. 7 The variation of scattered light intensity with

the density of dust accumulation
Ve A
O I

2&?&%?HU]\E¥EE%E’J7J‘<’£J| J5t 2 6 't ) 1
Ll ad ARS e ke L 45 B BUK G R A 2 T A4 1R
5565 B A %?7;2% 2R I % R A 1) HO
77 1) S 3 (9 SRS O I HC RIS O 08 R A5 L {HL R S
1) B 25 Y B K 5 T PR 4% SR AR B R A O 1) R O
B HICE D' I o G RIS Ol o 2 8RB 3 253 B
JIT AR Fh5 150 50 O 5 B2 2 A+ 6 R R 4% 0 A
Ti] 5SS B 30+ 3 — 25 0F 5 6 AR Al BRI 5 5 HE i
R SE SE AR AR T BB DG B B R A O AR . SE e A B
W D6 DA AR A R A 384 s G RIS Ol i B e 2k 1
G Bt BRI JEE AN T 39 O K A2 T2 e R R T &R
B 1) B R T AR R BRI Ot 0 R OB B 0% i i
G T . M LIAPEI Or SR AR SO IR
14 22 0 I RS 8 e . EL L DN R DR AR BRI AR JR Ol
L TR AR L 005 45 2R B RE S O AR B A B /g R
TR 5 AR BG A AGE 0 D5 95 Aol K BH 6 AR S Ol U5 ik
AT RGN A SCRT F 64 98 ) D' A 5 1) B I 7 1 L g
IR 58 35 17 AE ) #0 TE i

S E

[1] JINGH,TANG W,YANG S J. Study on comprehensive e-
valuation of photovoltaic panel ash cleaning scheme [J].
Science & Technology for Development, 2019, 15(7) .
746-753.

& EHE A AR OCAR AR BUR B Jr R 28 G VAN B
FELJ]. R Bk & 8 ,2019,15(7) . 746-753.

[2] XUE JL.Photovoltaic agriculture-new opportunity for pho-

tovoltaic applications in China[ J]. Renewable and Sus-

tainable Energy Reviews,2017,73:1-9.

[3]

[4]

[6]

7]

[8]

[9]

[10]

[11]

[12]

[13]

+ 289 -

LI X C.NIU K. Effectively predict the solar radiation trans-
mittance of dusty photovoltaic panels through Lambert-
Beer law[ J]. Renewable Energy.2018,123:634-638.

OH S. Analytic and Monte-Carlo studies of the effect of
dust accumulation on photovoltaics [ J]. Solar Energy,
2019,188:1243-1247.

WANG S J.TIAN R,GUO X, et al. Dust accumulation char-
acteristics and transmission attenuation law of photovolta-
ic modules [ J]. Transactions of the Chinese Society of
Agricultural Engineering,2019,35(22) :242-250.
TMEHE WG TR 55 G R AR R R B S
AR L], Rl T AR ,2019,35(22) :242-250.
ABDERREZEK M,FATHI M. Experimental study of the dust
effect on photovoltaic panels” energy yield[ J]. Solar En-
ergy,2017,142:308-320.

NIU H M,CUI Q R,LIU H X. Effect of ash accumulation on
output performance of photovoltaic panels[ J]. Thermal
Power Generation,2021,50(2) :110-117.

AT L A T L X PR BB X SR H v AR K R
M B 5E [ U] ?}f&jjﬁEE,ZOZl,SO(Z) :110-117.
HACHICHA A A, AI-SAWAFTA |, SAID Z. Impact of dust
on the performance of solar photovoltaic (PV) systems
under United Arab Emirates weather conditions[ J]. Re-
newable Energy.2019.141.287-297.

ZHAO M Z,SUN H. An experimental study on the influence
of dust settlement on the power output of photovoltaic
modules[ J]. Energy Conservation,2018,37(8):110-114.
X BT NG b 2R TR X AR 21 2 5 A 5 o 1 552
¥RrsE[J]. $AE, 2018,37(8):110-114.

AHMED O K, MOHAMMED Z A. Dust effect on the per-
formance of the hybrid PV/thermal collector[ J]. Thermal
Science and Engineering Progress,2017,3:114-122.
WANG W, LI T,HOU Y L. BRDF equivalent test method of
typical stereo target J]. Infrared and Laser Engineering,
2020,49(4) :0403011.

EH 2R R . R S iR B R A5 Rk BRDF a5 vk
[J]. 4530t T/ ,2020,49(4) :0403011.

LI X, ZHENG X B, XUN L N, et al. Realization of field
BRDF acquisition by multiangular measurement system
[ J]. Opto-Electronic Engineering,2008,35(1) :66-70.
&S VS VAN AR N A SR S U
BRDF 5[ J]. St Ha T ,2008,35(1) : 66-70.

SHAO H F,CHAI J,HUANG H. Research progress of par-
ticle size analysis and particle size standard reference
material J]. Chemical Analysis and Meterage, 2012, 21
(2): 99-101.
FRS T, S BOME L ORL
[J]. 1k

JE 43 i B R B s o W 5 AT 9 0t
St R, 2012,21(2) :99-101.



[14]

[16]

[17]

[18]

290 -

LI 'Y M. Numerical simulation of radiation transmission
characteristics of particle deposition photovoltaic panels
[D]. Jilin: Northeast Electric Power University, 2020 7-
10.

2R E . UL T AR O K A 58 S A% S e 1 09 2500 A5 40
[D]. #Mk: AL Sy k2. 2020.7-10.

WANG P F,ZHANG Z,FAN X X. Research on dust con-
centration measurement based on Mie scattering theory
[J]. Technology Innovation and Application, 2021, 11
(33):67-71.

TS Ak b L BB I T Mie U RIS A9 A 2 e B
EOPFELI]. BHEAET 5 R L2021, 11(33) :67-71.
ZHAO Z. Detection technology of metal dust concentration
based on MIE scattering method [ J]. Instrument Tech-
nique and Sensor,2018(5):108-110+119.

XL BT MIE BT i 19 45 J 0y 4 ok B2 A I 4 R [0
LB A 5 15 SR ,2018(5) :108-110+119.

LIUY Z,LIU D,MENG C,et al. Conversion between parti-
cle mass and number based on Rosin-Rammler distribu-
tion[ JJ. Contamination Control & Air-Conditioning Tech-
nology,2019(4) . 6-10.

X 5, X 2R 5 i B, 45 . Bk T Rosin-Rammler 43 1 114 451
KL B 5 RO B[] W 5 S AR, 2019(4) 1 6-
10.

CHEN J M,CHEN H T. The development and application

[19]

[20]

[21]

Ye BB - B 2023%F 34k

of laser in dust detection[ J]. Applied Laser,2018,38(3) ;
496-501.

PRk R B A8 K. 300 70 B A A I 4538 1 2 e 5 0
[J]. R 0% . 2018, 38(3) : 496-501.

HAN Z W,SONG K F,LIU Y.et al. Photodetector readout
noise analysis method[ J]. Electronic Technology & Soft-
ware Engineering.2019(19):90-91.

B AR s AR R PR L 55O AR T &5 3 L R RS A3 A T
BIJ] BFHEARSHAE TR, 2019(19):90-91.

ZHOU X, LIU X,WU L Y.et al . Research on carbon diox-
ide measurement technology based on photoacoustic
spectroscopy [ J]. Journal of Optoelectronics * Laser,
2020,31(12):1306-1312.

JA £ X0, SRR AR L 4F B TR G i A AL Bk
BARWIFELI]. 6l T « #0%.2020,31(12) :1306-1312.
HOU J Y,GAO A H.YAN L R,et al. Laser transmittance
measurement system with large dynamic range[ J]. Jour-
nal of Optoelectronics « Laser,2020,31(6) :569-574.
REN5E . e 1= 2R, A R 3 3V B R R O &
SrEm i R (V] e T - #0%. 2020, 31(6): 569-
574.

EEE AN

BEL

(1967 —) x5 = V4 22 Tl RAZ R B AE 0, 2

Ot R AR T T E ST



