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ABSTRACT

Solar radiation estimation is integral part for various solar energy systems which requires precise and
expensive devices to gage the solar radiation for a particular region. However, researches have
proposed different techniques to estimate the solar radiation that hinder using such devices so far.
Nonlinear nature and excessive dependence on the meteorological parameters of these methods forced
researchers to look for quick and efficient techniques to solve related issues and find solar radiation for
a particular region. In this paper, a new method based on the Angstrom model is introduced which
estimates the monthly average daily global solar radiation on a horizontal surface by Bees Algorithm
as a heuristic and population-based search technique implemented in MATLAB software. The
experimental coefficients for Angstrom model are calculated for six different climate regions of Iran
using proposed program written in the software. The obtained results proved the efficiency and

Intelligent Techniques

predominance of the new method to find a more accurate level of solar radiation.

doi: 10.5829/idosi.ije.2013.26.11b.14

1. INTRODUCTION

Global Solar Radiation (GSR) is the most important
parameter in design and development of various solar
energy systems [1, 2]. Solar radiation data provide
information on quantity of the sun's energy strikes on a
surface at any region on earth, during a particular time
period [3, 4]. In developing countries, where GSR
measurements are usually made only at few sites as cost
and availability of such devices become a limiting factor
[51.

Many studies in the past conducted using available
geographic and meteorological parameters such as
minimum and maximum temperature, solar radiation
hours, relative moisture, elevation, rainfall, cloudiness,
wind speed which all produced different models to
predict and assess solar radiation [6]. However,
Angstrom [7] proposed the first empirical relation of
GSR estimation based on applying sunshine hours for a
long time. Prescott [8] modified Angstrom model
further to be known as Angstrom-Prescott model. Page
[9] showed the coefficients of the Angstrom-Prescott
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model, is believed to be applicable to any place in the
world. Bahel et al. [10] developed a worldwide
correlation based on radiation data and sunshine hours
for 48 stations around the world, with different
meteorological and geographical profiles. A new time-
dependent model was proposed by Yeboah-Amankwah
and Agyeman [11]. Ninomiya [12] considered the effect
of rainy days. Burari et al. [13] developed a model for
estimation of global solar radiation in Bauchi with
special regression coefficients. Chandel et al. [14]
proposed a model based on temperature. Other multi
parameter models were presented by Trabea et al. [15],
Ojosu and Komolafe [16] and Garg and Garg [17].

Due to complex and nonlinear nature of proposed
models, robust solution techniques are required to solve
the problem which can be classified in two general
groups: Statistical Regression Techniques (SRTs) and
intelligent methods. In the statistical regression
literatures category, Zabara [18], Samuel [19], Newland
[20], Yazdanpanah [21], Sivamadhavi and Samuel [22]
attempts to estimate GSR by regression techniques
based on aforementioned method or new proposed
models for different places in the world. In the
intelligent literatures category, Mellit et al. [23] offers
an artificial neural network model for prediction solar
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radiation data with application of sizing stand-alone
photovoltaic power system. Other studies in this
category includes: a fuzzy model for the prediction of
solar radiation [24], genetic algorithm optimization of
wavelet neural network for daily solar radiation
prediction [25] and a new model for predicting GSR
using Particle Swarm Optimization (PSO) technique
[26].

In this study, Bees Algorithm (BA) as a heuristic
technique is applied to estimate monthly average daily
GSR on horizontal surface for six different climate
cities of Iran. The remainder of this paper is organized
in the following manner: In section 2, concept of Bees
algorithm and overall its progress is reviewed. Proposed
methodology to find the optimal experimental
coefficients based on Angstrom model is investigated in
section 3. Obtained results of applying the new method
on the sample regions and some comparisons between
the generated outcomes and corresponding SRT results
as well as real measured data are presented in section 4.
Finally, section 5 contains a summary of the results and
conclusions.

2. BEES ALGORITHM (BA)

A new heuristic optimization technique mimicking the
bee behavior was developed in 2005 by Pham et al. [27,
28]. In order to exploit larger number of food sources in
nature, the colony of bees can extend itself
simultaneously over long distances and in multiple
directions. In fact, flower patches with more nectar that
acquire less effort should observe more bees, while,
patches with less nectar should receive fewer bees.

The Bees Algorithm equilibrates between the global and
the local search. The BA randomly explores the solution
space looking for areas of potential optimality. The
neighborhood search is based on a random distribution
of bees in a predefined neighborhood range. For each
selected site, bees are randomly distributed to find a
better solution. As shown in Figure 1, only the best bee
is chosen to advertise its source after which the centre of
the neighborhood field is shifted to the position of the
best bee (i.e. from A to B). Then, Bees Algorithm
exploits the optimal areas by conducting a local search,
until either a satisfactory solution is found, or a defined
number of iterations have been reached.

The process begins by scout bees dispatched
randomly from one patch to another in search of
suitable flower patches. The algorithm includes
neighborhood and global search [29, 30].

The algorithm needs a number of parameters to be
set: scout bees number (n), number of sites selected out
of n viewed sites (m), number of best sites out of m
chosen sites (e), number of bees employed for the best e
sites (nep), number of bees used for the other (m-e)

selected sites (nsp), initial size of patches (ngh) that
includes site, its neighborhood and stop criterion.

The basic Bees algorithm is as follows [31]:

Stepl. Initialize population by random solutions.

Step2. Evaluate the fitness of population.

Step3. While (stopping condition not met) //creating
new population.

Step4. Choose sites for neighborhood search.

Step5. Employ bees for chosen sites and evaluate
fitness.

Step6. Sclect the best bee from each patch.

Step7. Allocate remaining bees to search randomly and
evaluate their fitness.

Step8. End While.

First, the algorithm begins by scout bees placed
randomly in the search space. Second, the suitability of
sites visited is investigated and bees with the highest
fitness are chosen as “selected bees” and mark the sites
viewed by them as neighbourhood search space. Third,
the algorithm seeks out the chosen sites in the
neighbourhood, staffing more bees to search the best
sites. The bees are selected directly according to the
criterion associated with sites being observed.
Suitability values are also employed to determine the
probability of the bees selected. Searches in the
neighbourhood of the best e sites that represent more
suitable solutions are further decomposed by deploying
more bees to follow them to other chosen bees. In next
step, for each patch only the bee with the highest fitness
is selected to establish the next bee population. At last,
the remaining bees in the population are assigned
randomly around the search space for new solutions.
These steps are repeated until the conditions are no
longer satisfied [31].

3.PROPOSED METHODOLOGY

In this paper, an algorithm to estimate monthly average
daily GSR on horizontal surface of six different cities in
Iran is programmed in MATLAB software. Iran is a vast
country with diverse climate profile as such the
proposed method will test six different regions as seen
in Figure 2 which deemed appropriate to evaluate the
efficiency of proposed technique. These testing sites are
Esfahan, Hamadan, Kerman, Mashhad, Tabriz and
Orumieh. All required data such as minimum and
maximum temperature, solar radiation hours, relative
moisture, elevation etc, have been provided by Iran
Meteorological Office. Table 1 presents details of data
collected and information on longitude, latitude, altitude
and all data collected ranges have been also given for all
six cities. Here, collected data is identified in two
batches namely installation and validation parts, as data
type 1 and date type 2, respectively. As it is shown in
Table 1, the data collected are statically acceptable to
achieve meaningful results. The aim of this study is to
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calculate the Angstrom model coefficients and predict
the monthly average daily global solar radiation on a
horizontal surface for the sample regions by Bees
algorithm. Angstrom model (Angstrom 1924, Prescott
1940) is presented by Equation (1).

H s

Hi() = A+ B(?o) (1)
where, H is the monthly average radiation on surface,
H, equals the monthly average radiation in absence of

atmosphere, s equals the monthly average Sunshine
hours, S, equals the monthly average of daytime at a

special location , a and b are the experimental
coefficients (for methodology details , refer to [32]).
H/H, and g, parameters have been measured

separately for both data types for all cities. Tables 2 and
3 illustrate typical H/H, and §s, measured values on

sixteen sample months for Hamadan and Tabriz cities.
These sample months are 1, 11, 21, 31, 41, 51, 61, 71,
81, 91, 101, 111 months based on data type 1 and 121,
131, 141, 151 months for data type 2 series. Data typel
is applied to BA algorithm implemented in MATLAB
software to explore the experimental coefficients based
on Angstrom model. Figure 3 illustrates the procedure
to determine the coefficients using proposed method
according to the raw data. The optimal coefficients are
calculated based on minimization an objective function
that is defined as Equation (2).

OF=3 (¥~ X)) @)

where, Y; = (H/H )real; and X, = (H/H,, )suggested, are
the actual and forecasted monthly average daily GSR
falling on a horizontal surface, respectively, and 11,
illustrating the cumulative observations. As shown in
Figure 3, data type 1 as a population of scout Bees is
applied to BA program written in MATLAB (2011a)
software. After applying Bees Algorithm which it was
paid to details in the previous section as well as
described in Figure 3, by satisfying the stopping criteria
algorithm (In this paper, the number of iterations), the
proposed values of algorithm are compared with data
type 2. If there was sufficient corroboration between
two values, the proposed results would be accepted;
otherwise the process would be repeated until the
acceptable values are generated. The accuracy of BA

suggested experimental coefficients are investigated by
using two statistical indicators, absolute fraction of
variance (R?) and Root Mean Square Error (RMSE). R*
and RMSE are described by Equations (3) and (4),
respectively:
YX -V

R=1-+— (3)
Z(X,‘)2

S X - Y)?
RMSE_\/;( ’ s{)/ @)

(X,,Y and » have been defined in Equation (2)).

Fitness Fitness

Best Bee ---

Figure 1. The neighborhood search

A i

Figure 2. Geographical positions of six tested regions of Iran.

TABLE 1. Information of tested cities

City name Longitude E Latitude N Altitude (m) Data type 1 collected space Data type 2 collected space
Esfahan 51.67 32.62 1550.4 1985 -2001 2002-2005
Hamadan 48.53 34.87 1741.5 1985 -2001 2002-2005
Kerman 56.97 30.25 1753.8 1984 -2001 2002-2005
Mashhad 59.63 36.27 999.2 1980-2000 2001-2003
Orumieh 45.05 37.67 1328.0 1985 -2001 2002-2004
Tbriz 46.28 38.08 1361.0 1987 -2001 2002-2005
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Figure 3. The procedure of determination the experimental coefficients of Angstrom model using proposed method

4.RESULTS AND DISCUSSION

The application of Bees algorithm on six cities using the
parameters values shown in Table 4 proved that
performance of BA is satisfactory. The satisfying factor
is number of iterations and it has been considered equal
to 300. Table 5 illustrates the suggested experimental
coefficients a and b, based on Angstrom model using
BA algorithm, as well as delta between proposed
coefficients R* and RMSE indicators for all six cities.
As shown in Table 5, the suggested experimental
coefficients for all cities have R’ greater than 96.5%,
and RMSE values less than 0.025, showing BA results
corroborate the actual measured data. Minimum
deviation from delta was reported for Esfahan with
a=0.39906 and b=0.32148 and maximum was for
Orumich by a=0.36413 and 5=0.34172. In addition,
experimental coefficients obtained by BA, PSO and
Statistical regression techniques [26] and respective R?

values for all locations are compiled in Table 6. As
shown in Table 6, all proposed experimental
coefficients by BA in comparison to statistical
regression techniques results proved to be more accurate
for all cities, as well as in comparison to PSO have
greeter R” values for all cities except Tabriz. Therefore,
obtained experimental coefficients for Angstrom model
based on BA have more acceptable performance than
the SRT and PSO. Maximum delta observed between
R? values of applying two techniques BA and SRT, was
8.84% and Minimum was 0.08% for Tabriz and
Kerman, respectively. Finally, actual and proposed BA
values on monthly average daily GSR on the validation
period illustrated for all six cities in Figure 4.

5.CONCLUSION

This study proposed a new technique based on Bees
algorithm using MATLAB software to predict the
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monthly average daily global solar radiation on
horizontal surface for six different climate cities in Iran.
The performance of Bees algorithm to determine
experimental coefficients were evaluated using two
statistical indicators: Absolute fraction of variance and
Root mean square error. As illustrated, coefficients
generated by Bees algorithm have absolute fraction of
variance values greater than 95% and Root mean square
errors less than 0.025, which confirms algorithm
accurately estimated global solar radiation on horizontal
surface for all six regions. Furthermore, some
comparisons between experimental coefficients obtained
by Bees algorithm, particle swarm optimization, and
statistical regression techniques results for all locations
were performed. The results conformed proposed
experimental coefficients by the new method was more
accurate than others, as well as collation between the
actual measured and new proposed technique values for
monthly average daily global solar radiation on the
validation period for all six cities proved the proximity
of predicted and valid data values.

TABLE 2. Sample measured values of H/H, and §S, for
both data types of Hamadan city.

TABLE 3. Sample measured values of H/H, and gs, for
both data types of Tabriz city.

Data type Months H/H, 95
1 1 0.419 0.523
1 11 0.493 0.212
1 21 0.655 0.735
1 31 0.873 0.820
1 41 0.700 0.791
1 51 0.670 0.813
1 61 0.715 0.895
1 71 0.403 0.319
1 81 0.512 0.600
1 91 0.697 0.732
1 101 0.478 0.600
1 111 0.581 0.591
2 121 0.400 0.400
2 131 0.493 0.641
2 141 0.448 0.823
2 151 0.500 0.615

TABLE 5. New BA proposed experimental coefficients with
accuracy evaluation of results through R? and RMSE
indicators

Data type Months H/ H, S/ So
1 1 0.510 0.447
1 11 0.485 0.485
1 21 0.513 0.512
1 31 0.424 0.421
1 41 0.423 0.398
1 51 0.500 0.423
1 61 0.681 0.779
1 71 0.554 0.878
1 81 0.529 0.891
1 91 0.844 0.850
1 101 0.759 0.633
1 111 0.796 0.774
2 121 0.620 0.619
2 131 0.597 0.598
2 141 0.591 0.678
2 151 0.693 0.700

TABLE 4. Parameters used in the Bees algorithm

Parameter Value

n: number of scout bees 70
m: number of sites selected out of n visited sites

e: number of best sites out of m selected sites

nep: number of bees recruited for best e sites 26
nsp: number of bees recruited for other (m-e) selected sites 6
ngh: neighborhood size 5

Number of iterations 300

City a b R? RMSE
Esfahan 0.39906 0.32148 0.9931 0.0009
Hamadan 0.36710 0.30821 0.9912 0.0011
Kerman 0.32507 0.50238 0.9872 0.0083
Mashhad 0.32846 0.30162 0.9786 0.0175
Orumieh 0.36413 0.34172 0.9651 0.0256
Tabriz 0.33372 0.42148 0.9745 0.0194
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Figure 4. Actual and BA proposed values of monthly average
daily GSR comparison for Esfahan, Hamadan, Mashhad,
Kerman, Tabriz and Orumieh.

TABLE 6. A comparison between BA and SRT results for all cities.

City name Technique a b R’ R’ differences (SRT& BA) (%)
BA 0.39906 0.32148 0.9931 0.15
Esfahan SRT 0.38610 0.32620 0.9916
PSO 0.42760 0.27460 0.9918
BA 0.36710 0.30821 0.9912 2.58
Hamadan SRT 0.38250 0.24580 0.9662
PSO 0.34860 0.32680 0.9870
BA 0.32507 0.50238 0.9872 0.08
Kerman SRT 0.35430 0.37670 0.9864
PSO 0.29890 0.54930 0.9860
BA 0.32846 0.30162 0.9786 7.06
Mashhad SRT 0.32200 0.31100 0.9140
PSO 0.70010 -0.02390 0.9470
BA 0.36413 0.34172 0.9651 3.23
Orumieh SRT 0.37920 0.34080 0.9349
PSO 0.35250 0.24580 0.9395
BA 0.33372 0.42148 0.9745 8.84
Tabriz SRT 0.33870 0.42140 0.8953
PSO 0.18170 0.44150 0.9939
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