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Abstract

The prediction of solar radiation will become a major issue in the
integration of the upcoming solar energy resource into existing energy
supply structure, in which the Direct Normal Irradiance (DNI) is the
most important source energy in the high concentration photovoltaic
(HCPV) system. But the DNI is primarily affected by three climatic
factors: clouds, aerosol glue (aerosol), and moisture (water vapor),
among which clouds have the greatest impact. The main erratic source in
the DNI calculation is the uncertainty in the estimation of these
atmospheric parameters. Besides, the computing costs dramatically.

The goal of this project is to emphasize the short-time DNI forecast
(e.g. 60 minutes). The proposed new method is as follows: firstly, the
daytime is separated into eight intervals in the hour unit and the daytime
DNI value is recorded for each interval. Secondly, for a specific interval,
the annual period of observations is collected and then the
self-organizing map (SOM) is applied to classify it into groups. In order
to reduce the computational burden of massive DNI values, the
five-number summary method in statistics is employed to extract its
characteristic value, which is used as the input parameters for the
non-supervised SOM. In order to precisely predict the correct group for
the DNI in the next interval, in this study we use the adaptive neural
fuzzy inference system (ANFIS) and the actual DNI data for supervised
training, which will be able to establish the fuzzy association of groups
between contiguous intervals. It has been found that the prediction
process of DNI is fast and good result.

Keywords: Direct Normal Irradiance, Self-organizing Map, Adaptive
Neural Fuzzy Inference System
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Table 2: System Efficiency Percent Increase as a function
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T-day Average Efficiency Increase (%]
Rainfall Level Avg | Max | M | Sidev
Southern California
0.2-03 iy 44% -21% 18%
0.3-04 3% 17% -B% A%
.4 5% 27% -T% T
Northern California
0.2-03 iy 7% A%, 38%
03-04 10% 45% -B% 12%
> 0.4 T B0% -T8% 6%
California Cenoral Valley
0.2-03 3% 41% A7% 12%
0.3-04 10% 34% -24% 15%
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+  AirMass Correction applied: Rated Efficiency—alAM—b|
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FlZEFRE2 LR A4 FIERF B IR mf it T A
FEfpfliEes BEEE FAARSREFFE FT AT R
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2 la | m | B | 5@ | dstin| 55 | 2p | 20
piE | A Bl R | ®m
10
o+ | 3.825 | 17.237 | 78.316 | 0.462 | 0.713 | 2630.789
11
| 4849 | 19.494 | 67.731 | 0.550 | 0.765 | 3290.928
12
A | P 4537 | 21.737 | 58.742 | 0.570 | 0.782 | 3409.247
113
o | 4241 | 22.661 | 57.332 | 0.534 | 0.720 | 2999.450
12
, 14
J,ra o | 4708 | 22.772 | 58.633 | 0.498 | 0597 | 2382.883
15
o> | 4533 | 22474 | 50.937 | 0.462 | 0431 | 1547.693
10
o | 3742 | 17.207 | 78.453 | 0.438 | 0.700 | 2677.927
B
11
C 4.849 | 19.494 | 67.731 | 0.550 | 0.765 | 3365.458
12 | 4537 | 21.737 | 58.742 | 0570 | 0.782 | 3442.419
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4.241
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0.720
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2628.064
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2.338

25.541

43.758

0.541

0.787

2262.114

11

3.968

25.555
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0.552

0.869

2360.701

12

4.541

25.676

48.152

0.580

0.882

2509.528
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2418.753
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2272.061

48




o 5.842 | 25.361 | 51.501 | 0.449 | 0.501 | 1701.358

PR HEFPERFF ARREFIZ I 2R AT

#-% 12 2 T2 SPSS $7 b BB HEFF AR B T4
ZHFEE-FFIRER BB O TEIRER T
# 4 13- ¥4 H ¢ 5 Wilk’s Lambda &+ 5 > 7 F e

212 sHER T

Multivariate Tests

Hypothesis
Effect Value F df Error df Sig.
Intercept Pillai's Trace 1.000 | 22710601056.8502 5.000 | 50.000 | .000
Wilks' Lambda .000 | 22710602151.6642 5.000 | 50.000 | .000
Hotelling's Trace 2271060215.166 | 22710602151.6642 5.000 | 50.000 | .000
Roy's Largest Root | 2271060215.166 | 22710602151.6642 5.000 | 50.000 | .000
S TAEA Pillai's Trace 2.000 13122737.762 10.000 | 102.000 | .000
Wilks' Lambda .000 23455479.4602 10.000 | 100.000 | .000
Hotelling's Trace 8552523.541 41907365.349 10.000 | 98.000 | .000
Roy's Largest Root 7851848.914 80088858.924° 5.000 | 51.000 | .000
B Pillai's Trace 4.591 121.349 25.000 | 270.000 | .000
Wilks' Lambda .000 286071.183 25.000 | 187.244 | .000
Hotelling's Trace 882032.154 1707614.251 25.000 | 242.000 | .000
Roy's Largest Root 829893.614 8962851.028P 5.000 | 54.000 | .000
Hr& *BFfE]  Pillai's Trace 4.819 144.088 50.000 | 270.000 | .000
Wilks' Lambda .000 31028.410 50.000 | 231.399 | .000
Hotelling's Trace 418565.005 405170.925 50.000 | 242.000 | .000
Roy's Largest Root 250164.098 1350886.127° 10.000 | 54.000 | .000

a. Exact statistic

b. The statistic is an upper bound on F that yields a lower bound on the significance level.

C. Design:

2.

Intercept-+3h & +HS R+ 3 & * B

I EERCARUBERAFTE 2 HE A

13 2. T4tz SPSS & W[ H 7 b % 4 ~ AL &2 pERF

AF TR LWL EFREBRAFE LR VT ERT
¥

240 14-15- %587 ()2 ke R HEFTET B
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EXapER S B R FUEAEE AR o ook
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2-Q) P RIEEHETES AV HEEFARE
@W%m&ﬂ%*@%ﬂ%%g FIRER @ F s T o
TEREA

213 A FRETETERE LT
ANOVA

B

Sum of

Squares df Mean Square F Sig.
Between Groups 3574203.910 2 | 1787101.955 | 5.361 .007
Within Groups 22999831.347 69 333330.889
Total 26574035.257 71

Multiple Comparisons

Dependent Variable: EHiizE

LSD

Mean 95% Confidence Interval

Difference Lower Upper

D g (J) i (1-) Std. Error | Sig. Bound Bound
1 2 -338.27725* | 166.666 .046 | -670.76693 -5.78757
3 201.75775 166.666 .230 | -130.73193 | 534.24743
2 1 338.27725* | 166.666 .046 5.78757 | 670.76693
3 540.03500* | 166.666 .002 | 207.54532 | 872.52468
3 1 -201.75775 166.666 .230 | -534.24743 | 130.73193
2 -540.03500* | 166.666 .002 | -872.52468 | -207.54532

*. The mean difference is significant at the .05 level.

214 " FRARDFTERLE A

ANOVA
ERE
Sum of Mean
Squares df Square F Sig.
Between Groups 2141077.535 3 | 713692.512 | 1.986 124
Within Groups 24432957.722 68 | 359308.202
Total 26574035.257 71
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Multiple Comparisons

Dependent Variable: EJfi 2

LSD
Mean 95% Confidence Interval
Difference Lower Upper
() FEFE ) FEE (1-J) Std. Error | Sig. Bound Bound
1 2 -222.84917 199.808 .269 | -621.55931 | 175.86097
3 3.19867 199.808 .987 | -395.51147 | 401.90881
4 264.14328 199.808 191 | -134.56686 | 662.85342
2 1 222.84917 199.808 .269 | -175.86097 | 621.55931
3 226.04783 199.808 262 | -172.66231 | 624.75797
4 486.99244* | 199.808 .017 88.28230 | 885.70258
3 1 -3.19867 199.808 .987 | -401.90881 | 395.51147
2 -226.04783 199.808 262 | -624.75797 | 172.66231
4 260.94461 199.808 196 | -137.76553 | 659.65475
4 1 -264.14328 199.808 191 | -662.85342 | 134.56686
2 -486.99244* | 199.808 .017 | -885.70258 | -88.28230
3 -260.94461 199.808 196 | -659.65475 | 137.76553
*. The mean difference is significant at the .05 level.
215 2 R OFETERELIT
ANOVA
EE
Sum of
Squares df Mean Square F Sig.
Between Groups 9644169.811 5 | 1928833.962 | 7.519 .000

Within Groups
Total

16929865.446

26574035.257

66
71

256513.113
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Mubltiple Comparisons

Dependent Variable BFE

LsD

Mean 895% Confidence Interval

Difference Lower Lpper

O EBR o B {l-J Std. Errar | Sig. Bound Bound
1 2 -470.91600* | 206.TEA 026 -B83. 73767 -h8.08433
3 -82811833% | 206.7BR 000 | -124094000 | -415.29666
4 -85250567* | 206.7BE 000 | 126532734 | -439.68400
a -T31.75825% | Z206.766 001 | -1144.8758582 | -318.93653
f 18.91525 206.766 h24 -392 80642 43273692
2 1 AT091600* | 20R.THA 026 A8.09433 Be3.73TaET
3 -387.20233 206.766 088 -TT0.02400 a5.61934
B 1 -19.9148245 206.766R 824 -432 73682 39290642
2 -490.83125*% | 206.76R o -903. 65282 -78.00958
3 -848.03358% | Z206.766 000 | -1260.858525 | -435.21191
4 -872.42092% | Z06.7BR 000 | -1285.242558 | -459.59925
A -781 67350% | 206.7BR 001 | -1164.48517 | -338.85183

* The mean difference is significant at the .05 level.
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