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ABSTRACT 
In Communication Systems, antenna plays 
a very important role. Antenna is the heart 
of wireless communication system. 
Microstrip patch antennas are light in 
weight, small in size and easy installation 
make these antenna very popular these 
days. For designing of these microstrip 
antennas complex calculations are 
required. Few years back, Bacterial 
foraging Optimization has been 
introduced. Due to poor convergence 
behavior of BFO for complex problems 
some modification in chemotactic step size 
has been adapted under the name of 
adaptive BFO. In this paper SABFO has 
been used for designing of rectangular 
microstrip patch antenna. For different set 
of parameters, designing of rectangular 
microstrip patch antenna, have been 
evaluated. This optimization problem has 
three variables resonant frequency fr, 
dielectric constant εr and substrate 
thickness h. This paper also shows how 
SABFO is Superior to BFO. 
Key Words: Bacterial foraging 
Optimization (BFO), Self Adaptive 
Bacterial foraging Optimization (SABFO) 
rectangular patch, microstrip patch 
antenna. 
 

I. INTRODUCTION 
Microstrip antennas are popular due to light in 
weight, small in size and easy installation 
with low cost. Basically Microstrip patch 
antenna consists of a patch which radiates on 

a dielectric substrate. The conducting 
materials like gold or copper are used to make 
patch and patch can be of any shape like 
circular, rectangular, triangular, planer, 
square, etc. Photolithographic technology is 
mostly used for making radiating patch and 
feed lines on substrate [9]. 
These antennas are used at higher or ultra 
higher frequencies [10]. This paper presents a 
method to design rectangular patch antenna 
where optimization problem has three 
variables resonant frequency fr, dielectric 
constant εr and substrate thickness h. SABFO 
algorithm has been developed for obtaining 
optimal value of antenna parameter like 
length. SABFO optimizes a problem by 
maintaining an adaptation in chemotactic step 
size of bacteria and search space. This 
adaption in step size of individual bacteria is 
guided by self adaptive feedback. 
 

II. THEORY OF MICROSTRIP PATCH 
ANTENNA 

Microstrip patch antennas are among the most 
widely used types of antennas in microwave 
frequency range, the size of antenna is usually 
too large to be practical, and other types of 
antenna such as wire antenna dominate also 
called patch antennas[7]. One of the 
advantages of microstrip patch antenna is that 
it is usually low profile, in the sense that the 
substrate is fairly thin [8].  
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Figure 1 Structure of microstrip patch 
antenna 
 
III. DESIGN OF RECTANGULAR 

PATCH ANTENNA 
Rectangular microstrip patch antenna having 
a patch of width W and length L over a ground 
plane with a substrate of thickness h and 
relative dielectric constant εr [2], [3]and [12] .  
Width W of patch: 

W ൌ
c
2f୰

ඨ
2

ε୰ ൅ 1
 

Here c is velocity of light and εr a relative 
dielectric constant.   
Effective dielectric constant εreff of the patch:  

 

 ε୰ୣ୤୤ ൌ
க౨ାଵ

ଶ
൅ க౨ିଵ

ଶ
ቀ1 ൅

ଵଶ୦

୛
ቁ
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Resonant frequency fr of rectangular 
microstrip antenna: 

f୰ ൌ 	
c

2Lୣ୤୤	√ε୰ୣ୤୤
 

Increase in patch length ∆L: 
 

∆L ൌ 0.412	
h	ሺε୰ୣ୤୤ ൅ 0.3ሻ ቀ

W
h ൅ 0.264ቁ

ሺε୰ୣ୤୤ െ 0.258ሻ ቀ
W
h ൅ 0.8ቁ

 

Effective length Leff : 
The resonant length of patch is not exactly 
equal to the physical length due to fringing 
field on the sides of patch.  
Effective length Leff of patch is longer than its 
physical length and is given as:  
 

L ൌ ሺL ൅ 2∆Lሻ 
Actual length of Patch : 
 

L ൌ
1

2f୰ටε୰ୣ୤୤	ඥμ଴ε଴

െ 2∆L 

 
IV. BACTERIAL FORAGING 

OPTIMIZATION 
Bacterial Foraging Optimization, proposed by 
passion [11], which is a recently introduced 
soft computing technique and is inspired from 
the E.Coil bacteria behavior . the three basic 
events used to describe BFO algorithm are 
Chemotaxis, reproduction and elimination-
dispersal. In BFO the chemotactic step size is 
uniform hence BFO algorithm possesses poor 
convergence behavior for high dimensional 
complex problems as search spaces increases 
[1]. 
   
V. SELF-ADAPTIVE BACTERIAL 

FORAGING OPTIMIZATION 
In this algorithm the run length of individual 
bacteria has changed itself based upon the 
feedback by its own. The bacterium has 
change its run length as well as it position for 
batter results[6].  
A balance between these two state can be 
achieved by using feed from current search of 
individual bacterium whether the run length 
of individual bacterium increase or decrease 
to that particular  search area. The variation of 
run length is on fitness function improvement 
means best results found or not in that 
particular direction. 
Criterion -1:If the bacterium found best 
results (minimum fitness function) then run 
length of this bacterium has been modified to 
smaller than present run length. Hence find 
best and accurate result. 
Criterion -2 :If bacterium did not find best 
results (unchanged fitness) for number Ku 
(user defined) of consecutive generations, 
then run length of this bacterium has been 
modified to larger than present run length. As   
reproduction elimination and dispersal events 
increased the convergence increased hence 
better results [4],[5]. 
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VI. SABFO BASED OPTIMIZATION OF  
PATCH LENGTH 

The length of patch of rectangular microstrip 
antenna as an optimization problem and 
defined as follows: εreff  is effective dielectric 
constant of the patch and Leff   is effective 
length of patch of rectangular patch antenna, 
the optimum value Leff of such that the 
frequency of antenna becomes resonance 
frequency. So the objective function z is:      

z ൌ abs ቆf െ
c

2Lୣ୤୤√ε୰ୣ୤୤
ቇ 

The objective is to minimize z, such that 
effective length Leff of patch of the 
rectangular microstrip antenna is calculated.  
 

VII. RESULTS AND DISCUSSION 
To illustrate the effectiveness of proposed 
technique SABFO over BFO for calculating 
the length of patch of rectangular microstrip 
patch antenna. Both BFO and SABFO are 
initialized using same number of bacterium, 
chemotactic steps, reproduction events and 
Elimination and dispersal events. Now 
considering a set of input parameters like 
Resonant frequency fr, a substrate of thickness 
h and relative dielectric constant εr.                                    

It is observed that the value of length 
measured by SABFO is more close to the 
target value as compare to BFO. SABFO 
shows less convergence error but take more 
time for convergence than BFO. 

                                                                                                                                                                                                      
Table1. Comparison of SABFO & BFO (a) target Length (b) error in Length (c) Convergence 
time (d) Convergence Error. 

S.N
o. 

fr(h
z) 

P 
h 
(cm
) 
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value 

Measured 
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Conergence 
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th 

BF
O 

SAB
FO 
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O 
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FO 
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O 

SAB
FO 

BF
O 
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1 
8.45
0 

2.2
2 

0.0
17 

1.185 
1.2
18 

1.187 
0.0
33 

0.001 
7.9
44 

10.90
4 

0.0
37 

0.015 

2 
3.97
0 

2.2
2 

0.0
17 

2.500 
2.5
17 

2.507 
0.0
17 

0.007 
7.9
33 

8.087 
0.0
07 

0.004 

3 
4.60
0 

10.
2 

0.1
27 

1.000 
1.3
19 

1.022 
0.3
19 

0.022 
7.7
29 

7.907 
0.0
18 

0.017 

4 
5.06
0 

2.3
3 

0.1
57 

1.860 
1.8
32 

1.869 
0.0
28 

0.009 
7.8
99 

7.942 
0.0
06 

0.006 

5 
4.80
5 

2.3
3 

0.1
57 

1.960 
1.8
82 

1.947 
0.0
78 

0.013 
7.7
34 

7.915 
0.0
09 

0.005 

6 
6.56
0 

2.5
5 

0.1
63 

1.350 
1.3
69 

1.365 
0.0
19 

0.015 
7.7
00 

7.894 
0.0
24 

0.009 

7 
5.60
0 

2.5
5 

0.1
63 

1.621 
1.5
89 

1.613 
0.0
32 

0.008 
7.7
80 

7.968 
0.0
12 

0.006 

8 
7.05
0 

2.5
5 

0.2
42 

1.200 
1.1
79 

1.200 
0.0
21 

0.000 
7.8
33 

8.085 
0.0
09 

0.010 

9 
5.80
0 

2.5
5 

0.2
52 

1.485 
1.5
01 

1.477 
0.0
16 

0.008 
7.7
69 

7.978 
0.0
14 

0.007 

10 
5.27
0 

2.5
0 

0.3
00 

1.630 
1.6
53 

1.634 
0.0
23 

0.004 
7.7
32 

7.946 
0.0
13 

0.008 

11 
7.99
0 

2.5
0 

0.3
00 

1.018 
0.9
72 

1.018 
0.0
46 

0.000 
7.8
47 

7.915 
0.0
16 

0.017 

12 
6.57
0 

2.5
0 

0.3
00 

1.280 
1.2
60 

1.281 
0.0
20 

0.001 
7.8
81 

7.879 
0.0
10 

0.012 
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03 
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87 
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0.0
10 
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14 
5.82
0 
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5 
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76 
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1.3
04 
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0.2
16 
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75 
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13 
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0 

2.5
5 

0.4
76 
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1.0
89 
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0.3
51 

0.005 
7.7
81 

7.288 
0.0
13 

0.081 

16 
5.99
0 
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5 

0.5
50 
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1.2
01 

1.590 
0.4
19 
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7.7
56 

7.953 
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09 

0.003 

17 
4.24
0 

2.3
3 

0.3
18 

1.950 
2.1
64 

2.090 
0.2
14 

0.140 
7.7
17 

7.862 
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06 

0.000 

18 
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0 

2.3
3 

0.3
18 
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1.6
13 

1.443 
0.3
13 

0.143 
7.9
46 

7.805 
0.0
09 
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19 
2.22
8 

2.5
0 

0.1
52 

4.140 
4.3
32 

4.160 
0.1
92 

0.020 
7.7
42 

7.964 
0.0
01 
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20 
2.18
1 

2.5
0 

0.1
52 

4.140 
4.3
89 

4.234 
0.2
49 

0.094 
7.7
61 

7.936 
0.0
01 

0.001 

21 
7.73
0 

2.5
5 

0.0
73 

1.183 
1.0
77 

1.193 
0.1
06 

0.010 
7.7
34 

7.931 
0.0
25 

0.001 

22 
9.14
0 

2.3
3 

0.3
18 

0.700 
0.9
44 

0.823 
0.2
44 

0.123 
7.7
65 

8.044 
0.0
38 

0.037 

23 
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0 

2.3
3 

0.3
18 
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0.9
77 
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0.1
77 

0.144 
7.7
65 

8.019 
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21 

0.026 

24 
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0 

2.3
3 

0.3
18 

3.800 
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69 

4.040 
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69 

0.240 
7.9
69 

7.969 
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02 
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25 
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0 
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17 
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88 
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44 
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0.0
79 
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44 
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0.1
34 
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07 
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02 
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28 
4.80
5 
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3 

0.0
16 
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2.0
10 

1.911 
0.0
48 
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7.7
97 

7.948 
0.0
18 

0.001 

29 
5.06
0 

2.3
3 

0.0
16 

1.860 
1.8
00 

1.869 
0.0
60 

0.009 
7.7
88 

7.943 
0.0
06 

0.003 

30 
6.20
0 

2.5
5 

0.0
20 

1.429 
1.5
67 

1.406 
0.1
38 

0.024 
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84 
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42 
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(c)                                                              (d) 

Figure 2 Comparison of SABFO & BFO (a) target Length (b) error in Length (c) Convergence 
time (d) Convergence Error. 
 

VIII CONCLUSION 
 
In this study, for given values resonant 
frequency and substrate, calculation of the 
optimum rectangular microstrip antenna 
dimension (Length) is time consuming 
process. However, Convergence time is 
more in SABFO but convergence error is 
less than BFO.  
It can be concluded from the table that the 
optimum length of rectangular microstrip 
antenna for SABFO is much closer to 
formulated length. This shows that the 
optimum length of rectangular microstrip 
antenna is computed more accurately by 
using SABFO as compare to BFO.  
Hence, application  of SABFO for this 
purpose seems to be an accurate and simple 
method This might helps to facilitating 
improved antenna design, specially for 
small microstrip antenna a where length  
and width of patch are to be adjusted 
simultaneously in order to achieve the 
required resonant frequency.  
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