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Abstract—Searching energy sources to satisfy the world’s growing demand is one of the foremost challenges for the
next coming century. The challenge is to convert the sunlight to electricity via solar cells is dramatically reducing
$/watt of delivered solar electricity. The diurnal and seasonal movements of earth affects in the radiation intensity on
solar systems. In this paper, tracking the movement of the sun to get the maximum power direction to compensate the
solar system motions, keeping the best orientation relative to the sun has been investigated. A dynamic rapid method
for tracking the maximum power angle of solar cell arrays known as Bacteria Foraging Optimization (BFO)
algorithm has been used. Experimental analysis is presented for the comparison of different positions of the sun for
maximum power alignment.
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I. INTRODUCTION
Many maximum power point tracking (MPPT) techniques for photovoltaic (PV) systems are well established in the
literature. The most commonly known are hill-climbing, fractional open circuit voltage control, perturb and observe, and
incremental conductance etc. There are lesser known, but sometimes very appropriate methods such as maximizing load
current and voltage, fractional short-circuit current control, array configuration, linear current control, fuzzy control,
neural network, dc link capacitor droop control, pilot cells, current sweep, limited cycle control and several others. The
techniques vary in many aspects including simplicity, speed of convergence, compensation for capacitance,
implementation of digital versus analog, sensors required and need for parameterization [1].
Several methods of sun following has been surveyed and evaluated to keep the solar panels, solar concentrators,
telescopes or other solar systems perpendicular to sun’s beam. An ideal tracker would allow the PV cell to accurately
point towards the sun, compensating for both changes in the altitude angle and longitudinal angle of the sun [2]. The
reported solutions for MPPT in PV systems are based on different criteria. Some of them estimate the power-voltage or
power- current characteristics minimizing the cost of the estimation [3]. Conventionally, standalone PV systems have
been used in rural and remote areas where normal electricity supply may not be readily accessible. In modern urban cities
with many compactly built high-rise blocks, the concept of building integrated photo-voltaic (BIPV) would be an
appropriate alternative form to receive solar energy. However, the energy transfer mechanism is strongly influenced by
the illumination condition such as the angle of incidence of the sunlight which varies along the day. All such phenomena
can be interpreted as transient or permanent perturbations affecting and reducing the efficiency of the energy production
phase. In many part of the world, the basic solar data for the surfaces of interest are not always readily obtainable. It is
also impracticable to measure the solar radiation for every tilt angle to deduce the peak value. Traditionally, solar
radiation on an inclined surface is modelled using horizontal data. Alternatively, the solar radiation of an inclined plane
can be computed by integrating the radiance distribution of the sky seen by the plane.
BFO algorithm yields fast and parameter insensitive MPPT of PV systems. BFO is a new algorithm which has simple
implementation to track the maximum power point of photovoltaic array or a solar panel. Nowadays Bacteria Foraging
technique is gaining importance in the optimization problems. Because,
 Biology provides highly automated, robust and effective organism
 Search strategy of bacteria is salutary ( like common fish) in nature
 Bacteria can sense, decide and act so adopts social foraging (foraging in groups).
Above all search and optimal foraging decision- making of animals can be used for solving engineering problems [5].
Until date, BFO has been applied successfully to some engineering problems such as optimal control, harmonic
estimation, transmission loss reduction and machine learning [6]. In this paper the solar optimization is done using BFO
algorithm. The characteristics and modelling of BFO is presented in Section II. The methodology of the investigations is
illustrated in Section III. The results and discussions are presented in Section IV, followed by conclusion in Section V.
II. CHARACTERISTICS AND MODELLING OF BFO
Since selection behavior of bacteria tends to eliminate animals with poor foraging strategies and favour the
propagation of genes of those animals that have successful foraging strategies, they can be applied to have optimal
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solution through methods for locating, handling and ingesting food. After many generations, a foraging animal takes
actions to maximize the energy obtained per unit time spent foraging. That is, poor foraging strategies are either
eliminated or shaped into good ones. Optimization models are also valid for social foraging where groups of animals
communicate to cooperatively forage, in the face of constraints presented by its own physiology such as, sensing and
cognitive capabilities and environment [7]. This activity of foraging inspired the researchers to utilize it as a novel
optimization tool. The E. Coli bacteria present in our intestines also practice a foraging strategy. The control system of
these bacteria governing their foraging process can be sub divided into four sections, which are chemotaxis, swarming,
reproduction and elimination and dispersal [8].
A. Chemotaxis
This process simulates the environment of an E. Coli cell through swimming and tumbling via flagella as shown in Fig. 1.
Biologically an E. Coli bacterium can move in two different ways. It can swim for a period of time in the same direction
or it may tumble and alternate between these two modes of operation for the entire lifetime [9].

Fig. 1 Swim and tumble of a bacterium
B. Swarming
When a group of E. Coli bacteria is placed in the semi-solid agar having a single nutrient chemo-effector (sensor), they
move from the centre to outwards direction in a moving ring of bacteria by following the nutrient gradient produced by
the group by consuming the nutrient. Furthermore, the bacteria release attractant aspartate if high levels of succinate are
used as the nutrient, which lead the bacteria to concentrate into groups and hence move as concentric patterns of groups
with high bacterial density. The spatial order depend both the outward movement of the ring and the local releases of the
attractant, which functions as an attraction signal between bacteria to gather into a swarm [8].
C. Reproduction
The total fitness of each bacterium is calculated as the sum of the step fitness during its life. All bacteria are sorted in
reverse order according to their fitness. In the reproduction step, only the first-half of population survive and surviving
bacterium splits into two identical ones, which can occupy the same positions in the environment at first step. Thus, the
population of bacteria keeps constant in each chemotaxis process [10].
D. Dispersion and Elimination
As mentioned in the above, foraging can be modelled as an optimization process which sometimes operates in swarms
and relevance of these areas to optimization. Foraging behavior of bacteria can be found using for instance, dynamic
programming. Search and optimal foraging decision-making of animals can be used to engineering. Selection behavior or
bacteria forage as individuals and others forage as groups. While to perform social foraging an animal needs
communication capabilities, it can gain advantages in that it exploit essentially the sensing capabilities of the group, the
group can gang-up on large prey, individuals can obtain protection from predators while in a group, and in a certain sense
the group can forage with a type of collective intelligence. This paper describes the optimal parameter selection of
maximum power point of photovoltaic or solar panel using bacteria foraging [7].
III. METHODOLOGY
In this paper, the work presents the prediction of solar radiation for various inclined angles and orientations on the
surface of earth using the measurement of current and voltage characteristics of various latitude and longitudinal angles
on the hemi sphere surface (for just imagine as an earth equator). A number of different points are to be taken on the
hemi sphere surface. Then voltages and current are measured with the help of solar panel and multi-meters to acquire
accurate readings with respect to the time and the position of sun’s radiations.

Fig. 2 Experimental setup of solar power optimization using BFO algorithm
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All measurements and data collections are recorded in terms of true solar-time. This facilitates the computations
involving solar energy on unit hemi-sphere surface of earth equator and subsequent comparison of data for different
locations. After that, readings are recorded in computer and then BFO algorithm is to be applied to the readings. The
maximum power point is to be tracked by using BFO algorithm with the help of solar panel then power output is applied
to the load as shown in Fig. 2. BFO is a population-based numerical optimization algorithm. So that maximum power
point to be tracked.
IV. RESULT AND DISCUSSION
Solar radiation power data was recorded in terms of current and voltages. In order to calculate the maximum power
from the collected data, BFO algorithm was used. Table I, shows estimation of minimum number of bacteria for finding
maximum power and hence its location. Readings were taken during afternoon and evening time. It is observed that
different numbers of bacteria are required get power estimated at different time of intervals.
Table I Results of solar power optimization using BFO algorithm
No. of
bacteria

6
10
14
18
22
26
30
6
10
14
18
22

Estimated power

Vertical
axis
angles(L1)
Afternoon
76.0430
75 ̊
71.6800
45 ̊
71.3600
75 ̊
72.7080
75 ̊
72.7080
75 ̊
76.3840
75 ̊
90.9440
0̊
Evening
72.3060
15 ̊
75.6000
30 ̊
75.6000
30 ̊
76.5320
30 ̊
76.5320
30 ̊

Horizontal
axis angles
(L2)
300 ̊
270 ̊
210 ̊
240 ̊
240 ̊
330 ̊
0̊
150 ̊
210 ̊
210 ̊
270 ̊
270 ̊

For example, as per Table I, the six number of bacteria get 76.043 (mW) estimated power at 75̊ vertical axis and 300̊
horizontal axis angles in afternoon time, but get 72.3060 (mW) estimated power at 15̊ vertical axis and 150̊ horizontal
axis angles in evening time. It is also observed that however number of bacteria increases, the estimated power also
increases respectively with different vertical and horizontal angles to track maximum power point. Thus atleast more
than 30 bacteria must be used to find maximum point. Fig. 3 shows 3D-graphical presentation of the results of solar
power optimization using BFO algorithm at different time of interval w.r.t. vertical angle (L1) and horizontal angle (L2).
During afternoon and evening time with bacteria size 30 and 22 respectively.

(a)
(b)
Fig. 3 Solar power optimization using BFO algorithm during (a) afternoon (b) evening time
V. CONCLUSION
Investigation was carried out for determining maximum power spot of solar panel, which gives maximum power at
the position. Maximum solar power can be calculated using automated system which is based on advanced algorithms.
The bacteria based algorithm is fast and fully automated algorithm to locate maxima point.
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