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The objective of this paper is to increase theadicy of photovoltaic cell and to
reduce the cost of the photovoltaic module. Theieficy of photovoltic module is
increased by covering an angle of nearing 180 e@eanel the cost is reduced by use of
cheaper glass materials.The amount of current geatiby a solar cell / panel depends

on various factors due to which the state variabfes cell keep changing. The various

Keywords: state variables in question mainfest differenhawéours as time and place changes and

BFO, Concentrators, Kalmanfilter, emprical formula of a solar cell does not suffiteabsence of such emprical formula,

Photo Voltaic Cell, Solar Panel. one has to relay on estimation in order to pretfietbehaviour of a solar cell. In this
paper behaviour of state of solar cell has beere dnynkalman filter.Dynamic rapid
method for tracking the maximum power angle of sokll arrays known as Bacteria
Foraging Optimisation (BFO) algoritham has beendudexperimental analysis is
presented for the comparision of different postgiaf the sun for maximum power
alignment.

INTRODUCTION

The number of photons striking the surface of phetovoltaic module can be increased by using solar
concentrators made of lenses by using the refeacticoperty of the lenses .Also, the design of solar
concentrators covers an angle of about 180° inn@iceular shape. This provides an option of kegpiine
module fixed at a particular flat position and aktie rotation of the module in order to face the ® absorb
more sun rays and increase the efficiency. Kaln&imeator has been found to be more accurate thast le
squares estimation (Thesis (Ph. D.), 2011). Eattmator is optimal for a particular perspective.r@oal is to
estimate and predict the state variables of a selhin which the noise generated by a photovoltail and the
noise of the senor used for current measurememtad®m in nature. Ours is a time dependent syatedrbest
represented by state estimation technique. BFOritiigo yields fast and parameter insensitive MPPTPUf
systems. BFO is a new algorithm which has simplplémentation to track the maximum power point of
photovoltaic array or a solar panel. Nowadays B&ct€oraging technique is gaining importance in the
optimization problems. Because, Biology provideghhy automated, robust and effective organism Searc
strategy of bacteria is salutary (like common fishpature .Bacteria can sense, decide and adgutssocial
foraging (foraging in grou.

I1. Solar Concentrator Design:

The general requirements of the lenses are asw®llThe lenses should be of rectangular shape itsith
length dependent on the focal length of the lesedfitthe distance at which the module is to begdaand the
length of the module on which the rays have todoeied.
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The breadth of the lens should be equal to thadtineof the photovoltaic module used.

According to lens maker’s formula for Plano conlexs (Ibrahim Zeid, 1996; “Alternative fuels”, 2800
Uf=(u-1) (/R) Q)

Variation of the focal point (f) depends on refrae index of the lenses (i) and radius of cunatnirthe
lenses (R)

Table 1:Is obtained using equation (1).
1] 1.5 1.33 1.25 1.10 1 <1l
f 2R 3R 4R 10R 0 -kR

When the refractive index of a glass is 1, thefalistance will be infinity and when it is lesathl, then
the focal length will be negative. For a lens ahsarefractive index the focal distance can be wdabig varying
the radius of curvature of the lens and vice versa.

2.1. Angle Calculation:
In this design, the angle at which the side lemsego be placed with respect to the horizonta leolds a
key in order to utilize the module with maximumie#ncy (Chetan Singh Solanki,). The placementhef t
module mainly depends on R, p and f.
i.e. 0 varies depending on the variations in R and y,itbotainly depends on f. The variation ®fwith
respect to f is given by
0= (70°+Y10°) +47.5° (2
Where Y=0, 1, 2, ---- and f = 2R + YR.
The value of Y is selected depending on the vianatf f with respect to | as given in table-1.
The focal point also varies depending on the Viana in radius of curvature of the lens at
Constant refractive index and hence variationngfi@takes place.
Here R is taken as R=2.5X Where X=1, 4/5, 3/5, 2/5
For a length of 5X of the lens, so that the relatalues can be easily calculated for various lengf the
module by making it multiples of 5.
For the values other than this R goes in to delcialaes for which the calculations are difficult.
The variation ob with respect to R can be formulated as
0=90°+ (47.5°X) for f=4R
0=80°+ (47.5°X) for f=3R (©)]
Hence the overall variation éfdepending on the variations of f and R can conitpibe formulated as
f=2R+YR
0 = (70°+Y10°) + (47.5°X) 4)
For p>1.5, f becomes less than 2R. For these y&isno convex lenses will not converge the rauliabin
to the module surface fully because of the narrgwaifithe path of the converged rays.

2.2. Module Length:
The module length is inversely proportional to theal distance of the lenses that are being s€d9].
Hence the module can be selected based on thesv@luadius of curvature and refractive index & knses.

[11. State Estimator Design:
Kalman filter is a linear estimator and hence asuaption is made regarding the linearity of scklfs
fig.-1 shows the algorithm of a Kalmanfilter.

priorknowladgeof the
stat tial current,

Update f—{ measurement
S T—
Py Ik
I
nexttime step h—| Output:estimationof

k=) state

Fig. 1: Kalman filter Algorithm3.1. Mathematical Interpagion of Algorithm.
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The measurement vector z is represented by,

Z = Xtrue(k+1) +omeas*random noise (5)
where Xtrue is the assumed value

P1=¢*P*¢’ (6)

S =M*P1*M'+ R @)
Kalman gain is found by the following equation

K = P1*M"™inv(S) (8)

P = P1 - K*M*P1 9)

If Kalman gain shows a high value, more weighgiigen to the measurement, and if Kalman gain is low
then an emphasis is given on model prediction.

Xk is the state estimation of the latest state dkdprev is the state estation of the
previous state.

Xk=@*Xk_prev+K*(Z-M* ¢ *Xk_prev) (20)

A single step of iteration is executed when we thansimulation based on equation 5 to equatiorhiglw
calculates and buffers only the (k -1)-th valug®fR, K and P. Subsequently as more and more nerasut
data (along with random measurement error) is vedeithe error between the estimated value andseiaga
(measurement) reduces on employing Kalman filtgodthm as stated above.

V. Modeling of BFO:

Since selection behavior of bacteria tends toiehte animals with poor foraging strategies andaifathe
propagation of genes of those animals that haveesstul foraging strategies, they can be applietiatee
optimal solution through methods for locating, hamgland ingesting food. After many generation§praging
animal takes actions to maximize the energy obthiper unit time spent foraging. That is, poor famgg
strategies are either eliminated or shaped inta goes. Optimization models are also valid for abfraging
where groups of animals communicate to cooperatif@lage, in the face of constraints presentedtdpivn
physiology such as, sensing and cognitive capisiliind environment. This activity of foraging iimed the
researchers to utilize it as a novel optimizatiool.t The E. Coli bacteria present in our intestials® practice a
foraging strategy. The control system of thesedysagoverning their foraging process can be sululell into
four sections, which are chemo taxis, swarmingraepction and elimination and dispersal.

Counter R e
clockwise
rotation P

V) = iR
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Clockwise rotation

Fig. 2: Swim and tumble of a bacterium.

4.1. Chemotaxis:

This process simulates the environment of an Hi. &l through swimming and tumbling via flagebe
shown in Fig. 2. Biologically an E. Coli bacteriuwwan move in two different ways. It can swim forexipd of
time in the same direction or it may tumble an@ralhte between these two modes of operation foettiee
lifetime (Das, S., 200p

4.2. Swarming:

When a group of E. Coli bacteria is placed in skeni-solid agar having a single nutrient chemoetdie
(sensor), they move from the centre to outwardsction in a moving ring of bacteria by followingethutrient
gradient produced by the group by consuming thaemit Furthermore, the bacteria release attractgpartate
if high levels of succinate are used as the nutrighich lead the bacteria to concentrate into gsoand hence
move as concentric patterns of groups with hightdvéad density. The spatial order depend both timsvard
movement of the ring and the local releases ofattractant, which functions as an attraction sidretiveen
bacteria to gather into a swar@uney, K., S. Basbug, 2008
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4.3. Reproduction:

The total fitness of each bacterium is calculagdhe sum of the step fitness during its life.stteria are
sorted in reverse order according to their fitndasthe reproduction step, only the first-half afpulation
survive and surviving bacterium splits into two rideal ones, which can occupy the same positionthén
environment at first step. Thus, the populatiobadteria keeps constant in each chemotaxis process

4.4. Dispersion and elimination:

As mentioned in the above, foraging can be modelkan optimization process which sometimes operat
in swarms and relevance of these areas to optiimizatoraging behavior of bacteria can be founehagidor
instance, dynamic programming. Search and optimedging decision-making of animals can be used to
engineering. Selection behavior or bacteria forag@ndividuals and others forage as groups. Whileetrform
social foraging an animal needs communication déipes, it can gain advantages in that it explessentially
the sensing capabilities of the group, the group gang-up on large prey, individuals can obtaintguiion
from predators while in a group, and in a certaémse the group can forage with a type of collective
intelligence. This paper describes the optimal patar selection of maximum power point of photoaicltor
solar panel using bacteria foragingirg, D.H., J.H. Cho, 2004 Solar radiation power data was recorded in
terms of current and voltages. In order to caleutae maximum power from the collected data, BR§ar@hm
was used. Table II, shows estimation of minimum benof bacteria for finding maximum power and heitse
location. Readings were taken during afternoon ewehing time. It is observed that different numbefs
bacteria are required get power estimated at @iffetime of intervals.

Table 2:Results of solar power optimization using BFO aildpon.

No. of Estimatedoower Inclined Horizontal
bacteria axis axis angles
Afternoon Angles (L1) (L2)
77.0430 76 310
10 72.6800 46 280
14 72.3600 76 220
18 73.7080 76 250
22 74.7080 76 250
26 77.3840 76 340
30 92.9440 0
6 73.3060 15 150
10 76.6000 30 210
14 76.6000 30 210
18 77.5320 30 270
22 78.5320 30 270

For example, as per Table Il, the six number ctdréa get 76.043 (mW) estimated power ateflical axis
and 300 horizontal axis angles in afternoon timg,det 72.3060 (mW) estimated power avdidical axis and
15Chorizontal axis angles in evening time. It is atdzserved that however number of bacteria incredkes,
estimated power also increases respectively witlerdnt vertical and horizontal angles to track maxm
power point. Thus atleast more than 30 bacteria brisised to find maximum point. Fig. 3 shows 3@pinical
presentation of the results of solar power optitizausing BFO algorithm at different time of intaf w.r.t.
vertical angle (L1) and horizontal angle (L2). Dhgiafternoon an@évening time with bacteria size 30 and 22
respectively.

Fig. 3: Solar power optimization using BFO during (a) Afteon (b).
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Exapision 20 samples shead s = 1)
T

Fig. 4: Prediction of power by Kalman Filter & BFO.

V. Conclusion:

Kalman filter can estimate as well as predictredr system very closely, but the plant model balset
accurate. To estimate and predict with higher piegimore emphasis should be given on plant mdadel the
sensor model. Kalman filter can be termed as segemération estimator as compared to its first geits
counterpart like moving average filter. It is nacessary to know the initial state of the systemh bance
Kalman filter can be used in the problem of filtgyi smoothing and prediction. Solar radiation podatia was
recorded in terms of current and voltages. In otdecalculate the maximum power from the colleatedh,
BFO algorithm was used
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