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Table 1. Statistical Fractal dimension thresholds for Karaj site.
2014 2015 2016
D, 1.24 1.11 1.21
D, 1.4 1.34 1.37
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Table 2. Monthly characteristics of each class obtained for the Karaj site.

e 2014 2015 2016
year
o 1 2 3 1 2 3 1 2 3
Class
D% 10 35 55 2069 2414 5517
(D) 1.13 1.33 1.41 1.08 1.23 1.48
5 (D) 0.07 0.04 13.0 0.02 0.07 0.1
January
(KT) 0.76 0.74 0.5 0.74 0.71 0.51
o(KT) 0.1 0.04 0.18 0.04 0.08 0.15
D% 38.1 4.76 57.14 24 16 60 28.58 38.1 3334
(D) 1.08 1.37 14 1.07 1.24 1.46 1.09 1.29 1.47
0 (D) 0.07 0 0.12 0.02 0.07 0.11 0.05 0.05 0.11
February
(KT) 0.74 0.69 0.53 0.77 0.74 0.48 0.78 0.69 0.48
o(KT) 0.04 0.05 0.19 0.03 0.02 0.2 0.03 0.09 0.16
D% 1923 2308  57.69 0 5 95 18.19 3637 4546
(D) 111 1.31 1.45 0 1.26 1.45 L11 1.27 1.52
obe (D) 0.05 0.05 0.1 0 0 0.14 0.01 0.07 0.05
March
(KT) 0.75 0.71 0.54 0 0.75 0.55 0.8 0.76 0.63
o(KT) 0.05 0.1 0.24 0 0 0.18 0.06 0.05 0.14
D% 13.04 2174 6522 17.65 1765  64.71 18.75 12.5 68.75
(D) 1.12 1.32 1.52 1.08 1.21 1.47 1.06 1.37 1.5
! o(D) 0.03 0.05 0.09 0.03 0.09 0.07 0.02 0 0
April
prt (KT) 0.64 0.69 0.57 0.78 0.74 0.58 0.78 0.72 0.58
o(KT) 0.14 0.07 0.2 0.02 0.05 021 0.03 0.04 0.09
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Continue Table 2.
e 2014 2015 2016
year
o 1 2 3 1 2 3 1 2 3
Class
D% 16.67  33.33 50 2727 455 6818 2069  20.69  58.63
(D) 1.11 133 1.51 1.08 1.23 1.5 1.11 1.3 1.54
- (D) 0.08 0.05 0.07 0.02 0 0.1 0.05 0.03 0.09
My (KT) 0.68 0.67 0.48 0.72 0.67 0.54 0.73 0.7 10.05
o(KT) 0.06 0.07 0.21 0.02 0 0.12 0.03 0.04 0.09
D% 47.06  23.53 2941 40 2334 36.67
(D) 1.06 1.25 1.54 1.1 1.31 1.54
o (D) 0.03 0.06 0.12 0.04 0.04 0.07
e (KT) 0.69 0.67 0.6 0.72 0.66 0.62
o(KT) 0.03 0.03 0.07 0.04 0.07 0.1
D% 3448 31.03 3448 3125 6.25 62.5
(D) 1.05 1.25 1.47 1.1 1.34 1.61
ﬁ]’j (D) 0.03 0.06 0.07 0.05 0 0.11
e (KT) 0.71 0.69 0.64 0.69 0.69 0.66
o(KT) 0.02 0.01 0.06 0.02 0 0.03
D% 7273 1818 9.09
(D) 1.07 13 1.43
Ac’" (D) 0.03 0.04 0
vt (KT) 0.69 0.67 0.69
o(KT) 0.02 0.03 0
D% 4138 2414 3448
(D) 1.1 1.35 1.43
b (D) 0.05 0.05 0.1
December (KT) 0.7 0.63 0.47
o({KT) 0.07 0.06 0.24
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Fractal classification of typical meteorological day based on solar behavior
(Case study: Karaj synoptic station)
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Abstract

Background and Objectives: Nowadays, most of the energy needs of humans are supplied by
fossil fuels. Given the decline in fossil fuel reserves and rising emissions and consequent
climate change, the production and use of new sources of clean renewable energy with fewer
emissions is of high importance. Solar energy is more pronounced among other renewable
energy sources, due to the efficiency of energy production. Solar radiation data is used in many
industrial applications, photovoltaic systems, agriculture and solar collector design. For this
purpose, the fractal dimension is used as a classification criterion. In this study, the estimation
of the daily fractal index and the index of purity of sky are used to provide a model that allows
classifying the days into three types. In this method, with the advantage of cumulative
distribution function, the fractal dimension classifies the days of Karaj station in three classes:
clear sky, partially cloudy sky and cloudy sky.

Materials and Methods: The database of this experiment includes the total radiation data
measured at the Karaj synoptic meteorological station in the period 2014-2016, as well as the
sunny hours of the same period from the station. In the first stage after data quality control using
moradi algorithm, daily fractal dimension of solar radiation time series was calculated. Daily
classification was performed with the help of the fractal dimension data and the Transparency
Index of Sky using the cumulative distribution function. According to this method, for each
year, two fractal thresholds were obtained using the cumulative distribution function (CDF) and
by using these thresholds the days were classified into three classes. Then, monthly data
analysis was performed.

Results: According to the results obtained at the station, the highest frequency of class 1 was
occurred in August 2015, high frequency of class 2 was occurred in February 2016 and high
frequency of class 3 was occurred in March 2015. Also, these statistical properties showed that
our classification method leads to homogenecous groupings of the studied days since the
standard deviations of D and KT were low in comparison with their averages. The more
standard deviation of these two variables for class III (upper than 10%) is due to rainy days in
this class, which causes the signal Radiation has a regular shape and then the fractal is
calculated near to 1. However, the monthly analysis of the fractal dimension allows the
detection of the months in which radiation fluctuations are often high or in which the radiation
pattern is regular. This information is very useful in determining the size of photovoltaic
systems in order to reduce the cost of initial design and the construction of solar energy systems
appropriate to the climate of the study area.

* Corresponding Author; Email: zagha@ut.ac.ir
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Conclusion: In this study, a new method has been proposed for classification of radiation per
day according to different weather classes, in order to use photovoltaic systems and solar energy
in the study area. This method has been proposed to classify the daily global irradiances into
typical days using the fractal dimension as a basic criterion since it allows quantifying the
irradiance fluctuations. This method defines fractal dimension thresholds using the cumulative
distribution function. Then shown that it is possible to realize daily solar irradiances
classification using the D thresholds obtained from the CDF method. Classification of the daily
solar irradiance is important in design and installation of solar energy systems, especially PV
arrays. Trends in the patterns of daily solar irradiance became significant information due to the
recent interests in renewable technologies. This interest is essentially due to global warming and
other negative effects to our environment. Such analyses presented in this purpose are of great
interest as they reduce the initial costs by appropriate design and construction of solar energy
systems suitable to the climate of the site of interest.

Keywords: Solar radiation, Fractal dimension, Classification, Typical day, Cumulative
distribution function
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