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Abstract Through comparson of the numeric difference between diffuse irradiance measured with rotating shadow-
band pyranometer (RSP) and standard reference pyranometer, the influence of meteorological elements like global
irradiance. ambient temperature, relative humidity and solar spectrum, etc. on measurement errors of diffuse
irradiance measured with RSP is analyzed, based on the analysis, a new algorithm of correcting diffuse irradiance
measured with RSP is proposed. The algorithm constructs an error modifier prediction model based on support vector
regression (SVR) theory first, and then diffuse correction algorithm of RSP can be derived from mentioned prediction
model. Applying the correction algorithm to the diffuse irradiance data measured by Solar Radiation Research
Laboratory and Lowry Range Solar Station. mean deviaiton and root mean square error of the two stations’ data after
correction decrease to —0.2 W/m*, 3.3 W/m? and 1.9 W/m?, 8.5 W/m®. which indicates that the algorithm is
effective and applicative. Meanwhile, compared with Vignola correction algorithm and Vignola and Augustyn (VA)
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correction algorithm, the algorithm presented can avoid respective undercorrection and overcorrection of similar

correction algorithm effectively.
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diffuse irradiance
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Table 1 Information of data collection equipments, time intervals and precision

References Instrument Time ) Accuracy
MBE RMSE

Diffuse irradiance (standard) Eppley 8-48 6:00~19:00 +5% +3 W/m?
Diffuse irradiance (to be modified) RSP LI-200 6:00~19:00 —15%~10% 5% ~6%
Total irradiance (modified) RSP LI-200 6:00~19:00 +LO%~—12% 4%~6%

Temperature Vaisala WXT520 6:00~19:00 +0.3 C

Relative humidity Vaisala WXT520 6:00~19:00 +3%~=+5%
Atmospheric pressure Vaisala WXT520 6:00~19:00 +0.05~20.10 kPa
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Fig. 1 Plot of distribution and trend of e, versus the meteorological influence factors. (a) Versus global irradiance

of sun; (b) versus ambient temperature; (c) versus zenith angle; (d) versus air mass (pressure corrected)
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6 4t ®

AT T R IH BEE IR B IRE AR R LR
00 A 2s S0 OB 1E) X RSP #4518 R )
R 2 B RS R DG AR o DA SR ) e ATL [0 T AR L B
Xof 1 22 46 TF A g A 0 ASE A L 2 1 T DA IR 25 8 I (H
4 B AR T 4% 1E. RSP 7 Ul #4548 EE 9 SVR-DC
Bk . X SRRL 695 804 1 LRSS I & £ 48 (9 12 1E
IR R B IE 5 A LI 5 RSP RS 46 B8R 1Y
MBE #il RMSE {43 %] % —0.2 W/m*,3. 3 W/m’
M9 W/m,8.5 W/m" , BB IERT/NED 27%,
RGO 2E MBE PR 22 KRN B IERCR IR . T
H . #E 5 [F 2 Vignola & IES %A VA B IER LK)
ROR XS A SVR-DC 537k BB A% W8 b H0U 4 B fI%
T 50 W/m® I} Vignola 535 K A& IEBL G . i 5 1
SR & T 100 W/m® B VA 5k 1) o & 1E 3
% ,MBE f1 RMSE [t £ Vignola B VA Bk
IEJEW/N 50 % L . 2740k E . SVR-DC Bk & IE
RORAT R 38 M0 HLAE ) 2 50 v A H
HAT R 1 52 B o FH i 5

& X X #

1 Sha Yizhuo, Bian Zeqiang, Lii Wenhua. Design of solar energy
resources observation station in China [ J ]. Meteorological ,
Hydrological and Marine Instruments, 2010, (1): 6~9
s, GESR . B SCHE. TR K AR IR0 5 kLT, A
FAKIHBEFME, 2010, (1): 6~9

2 Lee Harrison, Joseph Michalsky, Jerry Berndt. Automated
multifactor rotating shadowband radiometer: an instrument for
optical depth and radiation measurements[J]. Appl. Opt. , 1994,
33(22): 5118~5125

3 J. Augustyn, T. Geer, F. Vignola e al.. Improving the
accuracy of low cost measurement of direct normal solar irradiance
[C]. Proc. Solar 2002, American Solar Energy Society, 2002

4 J. J. Michalsky, L. C. Harrison, W. E. Berkheiser. Cosine
response characteristics of some radiometric and photometric
sensors[ J]. Solar Energy. 1995, 54(6) . 397~402

5 Li Zhaozhou, Zheng Xiaobing, Wu Haoyu e al.. Temperature
characteristics research of high-precision spectral radiometer
standard detector [ ] 1. Acta Optica Sinica, 2004, 24 (3):
401~407
AU, /NG RWETE SE. RS BE G T A S b v R 2% 1 3R B
FREERFSELT]. A% 54, 2004, 24(3): 401~407

6 David L. King, Jay A. Kratochvil, Willlam E. Boyson.
Measuring solar spectral and angle-of-incidence effects on
photovoltaic modules and solar irradiance sensors[C]. 26th IEEE
Photovoltaic Specialists Conference, 1997, Conference Record of
the Twenty-Sixth IEEE. 1113~1116

7 David L. King, Daryl R.
pyranometers: operational characteristics, historical experiences,
and new calibration procedures [ C]. 26th IEEE Photovoltaic

Myers.  Silicon photodiode

Specialists Conference, 1997, Conference Record of the Twenty-
Sixth IEEE: 1285~1288
8 Frank Vignola. Solar cell based pyronometers: evaluation of the
diffuse response [ CJ]. Proceedings of the 1999 Annual
Conference, American Solar Energy Society, 1999: 260
9 Frank Vignola. Removing systematic errors f{rom rotating

shadowband pyranometer data [ CJ. Proceedings of the 35th
ASES Annual Conference July 9-13, 2006, Denver, Colorado,
2006

10 Zhang Xuegong. Introduction to statistical learning theory and
support vector machines [ J]. Acta Automation Sinica, 2000,
126(1) . 32~42
KT, RTFRITF SIS LR mENLT] 83k sk,
2000, 126(1) . 32~42

11 Xing Hongyan, Jin Tianli. Weak signal estimation in chaotic
clutter using wavelet analysis and symmetric LS-SVM regression
[J]. Acta Physica Sinica, 2010, §9(1); 140~145
TV . SR, T 00 2 0 de /> 30 34 ) 1 LA TR D A
EHERTHMMBESRHRMLI] %2 F®, 2010, 59(1):
140~145

12 Zhu Jia, Wang Zhenhui, Jin Tianliet a/.. Combination of wavelet
decomposition and least square support vector machine to forcast
atmospheric ozone content time series [ J |. Climatic and
Environmental Research , 2010, 15(3): 295~302
koM BRS, &R B FET NSRRI Z 3R SR I
HLI R AR & B B] 7 5 BN (7], A4 5 3R 81 52, 2010,
15(3): 295~302

13 Zhang Hua, Zeng Jie. Wind speed forecasting model study based
on support vector machine[ J]. Acta Energiae Solars Sinica ,
2010, 31(7): 928~932
ikoAEL R BTSRRI KGE TR PSR T, K
faAL 4R, 2010, 31(7): 928~932

14 Yang Zhixia, Deng Naiyang. The analysis to the solution set of
the primal problem in linear support vector ordinal regression[]J].
OR Transactions » 2007, 11(3): 105~112
TR EE . X8Iy, Stk SCRE ) S [0 U AL 1 JRE 0 ) R Y iR 4 43
W1, B % % 54k . 2007, 11(3); 105~112

15 Yu Zhongdang, Wang Longshan. Salt & pepper noise switching
filter based on LS-SVR convolution mask [ J]. Acta Optica
Sinica , 2009, 29(1): 163~168
TAAE . Eel. BT H B SR/ T 5fe SRR ) ML U AR A9 B
Hhmr IO PR T]. A F R, 2009, 29(1): 163~168

16 Gu Wanlong, Zhu Yeyu, Pan Pan e al.. Application of SVM
methods to calculation of solar radiation [ J]. Acta Energiae
Solars Sinica, 2010, 31(1): 56~59
JBOT s Aol W B SCHEI d LT R A K B AR S A T Y
BEALT]. K Pade 4R, 2010, 31(1): 56~59

17 Sha Dingguo. Error Analysis and Assessment of Uncertainty in
Measurement[ M ]. China Metrology Publishing House, 2003.
10~18
WEE. REST G EARFHEETFEIM] F B F & Ak,
2003. 10~18

18 Andrew L. Rosenthal, Jeffrey M. Roberg. Twelve Month
Performance Evaluation for the Rotating Shadowband Radiometer
[D]. New Mexico: New Mexico State University, Southwest
Technology Development Institute, 1994, 18~19

19 L. Alados-Arboledas, F. J. Batlles, F. J. Olmo. Solar radiation

0112001-8



S % — BT SRR EEHL I IS A T R JHE DT I S 3 B e TR B AR

resource assessment by means of silicon cells[]J]. Solar Energy . 22 Li Gang, Zhao Jing, Li Jiaxing et al.. Visible-infrared reflectance

1995, 54(3): 183~191 spectroscopy applied in rapid screen of diseases[ J]. Acta Optica
20 Zhou Liangming, Liu Yuguang. Study on water vapor s Sinica , 2011, 31(3): 0317001

absorption to sun’ s radiation [ J]. Ocean Technology, 2004, Z= W, B B, ERE S A W21 A6 B G s T g e b

23(4): 109~112 HIHAELT]. K% %4, 2011, 31(3): 0317001

JERBH . X 6. A M 06 3% B REIE 5T 2K TR A B R S G 1 e 23 Xu Guirong, Chen Bo, Wan Rong et al.. Error analysis on

[J). ##IE K, 2004, 23(4): 109~112 precipitable water derived from ground-based GPS with various
21 Xiong Wei, Shi Hailiang, Wang Yuanjun et al.. Study on near- methods [ J]. Torrential Rain and Disasters, 2008, 27 (4):

infrared spatial heterodyne spectrometer and detection of water 346~350

vapor[ J]. Acta Optica Sinica, 2010, 30(5); 1512~1515 R, B M. T A S Ik GPS R [R K PRI kR

g M, iSRS, TEICE SE. T ALAM A R AR 25 6 B K R ZEoFrl)]. @A E, 2008, 27(4): 346~350

WoEl)]. k5%, 2010, 30(5): 1512~1515
=ERE R

0112001-9



