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ABSTRACT 

This paper, two Artificial Neural Network (ANN) models using radial basis function (RBF) nets are developed for the 
design of Aperture Coupled Microstrip Antennas (ACMSA) for different number of design parameters. The effect of 
increasing the number of design parameters on the ANN model is also discussed in this work. The performances of the 
models when compared are found that on decreasing the number of design parameters, accuracy of the model is in-
creased. The results given by the prepared models are comparable with the results of the IE3D software. So, these 
models are accurate enough to measure the design parameters of ACMSAs. Thus the neural network approach elimi-
nates the long time consuming process of finding various designing parameters using costly software packages. 
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1. Introduction 

The artificial neural network can be referred to as an 
artificial human brain which processes data after proper 
training. Three basic aspects of a neuronal model are [1- 
2]: 
 It consists of a large number of processing elements 

like neurons and nodes 
 Each nodes connect to a large number of other neurons 

and 
 The functionality of the network is determined by 

modifying the strengths of the connection during the 
learning phase. 
Ability, adaptive capability and ease of implementa-

tion have made ANN a popular tool for many design 
problems in today’s communication world. These net-
works directly give almost accurate result eliminating the 
various time consuming complex computations required 
for different works. In the present scenario, the neural 
network models are used extensively for wireless com-
munication engineering, which eliminates the complex 
and time consuming mathematical procedures of design-
ing antennas, like Method of Moments (MOM) [4-6]. 

In recent years, Wide band and Ultra wide band 
(UWB) technology have experienced many significant 
developments. Printed antennas play a very important 

role in this area because of their simple structure, ease of 
construction, low cost, conformal to planar, low profile, 
reproducibility and ease of integration with solid state 
devices [3]. However, the analysis of printed antennas is 
complex and exhaustive. To optimize the antenna effi-
ciency for transmitting and receiving modes, the patch 
impedance should match with the feed hence it becomes 
very necessary to optimize the feed position. Moreover, 
the dimensions of antenna along with its feed line and 
dielectric of the substrate are other parameters which are 
to be optimized for antenna to operate in a desired reso-
nant frequency or frequency band in case wide band and 
UWB operation [7-11]. Determination of these parame-
ters is tedious, cumbersome and time consuming process. 

In this proposed work, due to the high demand of wide 
band antennas in wireless communication, ACMSA’s 
design problems are taken under consideration. The error 
percentage in the first ANN model which is developed 
using RBF nets to give nine design parameters of the 
ACMSA is quite high while the time consumed by it is 
very low when it is compared with the one developed 
using Back propagation algorithm [12]. Since ACMSA is 
commonly used in wide band application, the relative 
error given by the ANN model developed using Radial 
Basis Function (RBF) is acceptable as the minimum fre-
quency in the operating frequency band have a large 
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space to resonate within the band. Still a low error per-
centage from the ANN models is always desirable, hence 
the second RBF-ANN model is developed to give only 
two design parameters of an ACMSA keeping other pa-
rameters fixed at some predetermined value. Both the 
models can be used to design an ACMSA for a desired 
minimum frequency in the frequency band ranging from 
1.5 GHz to 8.9 GHz. 

2. Antenna Design 

The geometry and the design parameters under consid-
eration of an ACMSA are shown in Figure 1 and Figure 
2, respectively. It consists of two substrates separated by 
a ground plane. The top substrate (r

a) contains the radi-
ating element, and the bottom substrate (r

b) contains the 
microstrip feed line. A small aperture is cut in the ground 
plane to allow coupling from open circuited microstrip 
feedline to the radiating patch. The parameters on which 
resonant frequency of the antenna depends upon are 
shape and dimensions of the radiating element, dimen-
sions of the ground plane, shape and size of the aperture, 
dimensions of feedline, position of feedline and the di-
electric constants of the two substrates [13-18]. 

An ACMSA can be designed for different frequencies 
using FR 4 sheet because of its easy availability. The 
shape of radiating element and aperture are chosen to be 
rectangular. The output parameters determined during 
the design of an antenna are:  

(a) Dimensions of ground plane (Lg, Wg) 
(b) Dimensions of aperture (Lap, Wap) 
(c) Dimensions of radiating element (Lp, Wp) 
(d) Dimensions of feed (Lf, Wf) 
(e) Feed position (X, Y = 0) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Geometry of an ACMSA. 

 
 
 
 
 
 
 
 
 
 
 

Figure 2. Design parameters in an ACMSA. 
 

3. Development of ANN Model 

The construction of RBF network, in its most basic form, 
involves three layers with entirely different roles. The 
input layer is made up of source nodes (sensory units) 
that connect the network to its environment. The second 
layer, the only hidden layer in the network applies a 
nonlinear transformation from the input space to the 
hidden space. In most applications the hidden space is of 
high dimensionality. The output layer is linear, supplying 
the response of the network to the activation pattern ap-
plied to the input layer. A RBF net architecture is given 
in Figure 3. 

Radial Basis function networks are substantially faster 
than the methods used to train multi-layer perceptron 
networks. This follows from the interpretations which 
can be given to the internal representation formed by the 
hidden units, and leads to a two stage training procedure. 
In the first stage, the parameters governing the basis 
functions (corresponding to hidden units) are determined 
using relatively fast, unsupervised methods, in which it 
uses only input data and not the target data. The second 
stage of training then involves the determination of the 
final-layer weights, which requires the solution of a lin-
ear problem, and which is therefore also fast. 

The trained neural network provides a special ap-
proximation where the exact results of the numerical 
 
 
 
 
 
 
 
 
 
 

 

Figure 3. A RBF network architecture. 

x

    y 

Lp 

Wp 

Lf

Wf

    Wap 

Lap 

Microstrip 

Antenna Substrate

Coupling Aperture

Ground Plane

Microstrip Feed Line



  
1 

M 

y1    yc 

x xd

bias Basis 
functions

inputs 

outputs 



Design of Aperture Coupled Microstrip Antenna Using Radial Basis Function Networks 

Copyright © 2010 SciRes.                                                                                 WET 

66 

analysis, which are hidden in the training patterns, are 
used for neural computation and give us directly all the 
required designing parameter of an antenna for a desired 
frequency. That way, a computationally modest neural 
network model can replace a numerical analysis for pa-
rameters differing from training patterns. 

4. Results and Discussions 

In this proposed work, first an ANN model for aperture 
coupled microstrip antenna, considering nine design pa-
rameters is developed using RBF network. The simulated 
values which are trained for the model development and 
the antenna configurations are obtained from the IE3D 
software, which is a commercial simulator based on the 
moment of methods. The number of training data is in-
creased by the method of interpolation which is quite 
reliable because interpolation technique is applied on the 
graph that is obtained from the simulated data. The net-
work is trained with radial basis function network, whose 
performance goal was taken as 0.0001% and spread con-
stant is 400. For 831 input/output training samples, the 
network requires only 4 minutes for training, and Rela-
tive error (percentage error) is found to lie within 20% to 
60%. The time taken to develop the same model using 
RBF network is very less while error% is quite high than 
that found with the model which was prepared using 
BPA network [7]. Relative error is calculated using the 
formula as follows: 

Relative Error = [(Simulated Value – ANN Value) 

/Simulated value] *100           (1) 

The network is tested for 10 random frequencies. 
Those input frequencies are compared with the resonant 
frequencies obtained from IE3D software for the corre-
sponding output parameters given by the network. The 

results are tabulated in Table 1 for all the parameters, 
which also compare the simulated value with the one 
obtained from the ANN model. 

From Table 1 one can estimate that the prepared net-
work or model is good enough for determining the vari-
ous design parameters of an ACMSA operating between 
1.5 GHz and 8.9 GHz. The above mentioned characteris-
tics of the ACMSA obtained from the ANN model are 
found to have high errors but due to the wide band prop-
erty of ACMSA, the errors are still acceptable. The rea-
son behind this high error is cumulative error caused by 
large number of design parameters taken under consid-
eration. To reduce this, next an ANN model is developed 
considering only two design parameters. 

Now, a RBF – ANN model for two design parameters 
is developed keeping the configuration of RBF net same 
as that developed for the design of ACMSA for nine de-
sign parameters. The developed RBF – ANN model for 
two design parameters of ACMSA is checked for 10 
random frequencies. The design parameters given by this 
model when simulated using IE3D software gives the 
expected results and it is found that error % is reduced 
highly. Comparison of the minimum frequency in the 
frequency band obtained by simulated and the RBF- 
ANN model for two design parameters for ACMSA is 
tabulated in Table 2. The error % is found to lie between 
0.2% and 10% and time taken to develop this model is 
just 10 seconds.  

The time taken for the development of the ANN model 
using RBF nets is very less and this learning method is 
good for the development of such ANN model which is 
used to obtain less number of design parameters. If the 
design parameters are increased, error % increases which 
in turn affects the efficiency of the ANN model. For 
large number of design parameters, training should be 

Table 1. Error measurement for the simulated fr from IE3D and the NN model using radial basis network for the design of 
ACMSA for nine design parameters. 

Input Parameters Output Parameters 

S.N. 
Lg 

(mm) 

Wg 

(mm) 

Lap 

(mm) 

Wap 

(mm) 

Lp 

(mm) 

Wp 

(mm) 

Lf 

(mm) 

Wf 

(mm) 

X 

 

fr 

(GHz) 

(IE3D) 

fr 

(GHz)

(NN) 

% Error

 

1. 65.6130 67.5983 4.0165 4.0165 60.9313 62.9464 38.3829 8.4919 −158256 1.302 1.5 23.98 

2. 57.0427 57.8659 3.5287 3.5287 51.6755 51.8765 34.3563 7.3930 −13.6118 2.31 1.8 22.08 

3. 43.1930 41.6296 2.7400 2.7400 36.4645 34.1344 26.7684 5.5737 −10.0244 1.52667 2.44 −57.20 

4. 41.2692 39.3054 2.6301 2.6301 34.3180 31.6929 25.6668 5.3156 −95239 1.60333 2.5 55.9 

5. 36.0778 32.9440 2.3340 2.3340 28.4860 25.1383 22.6161 4.6115 −8.1762 1.81 2.8 54.7 

6. 30.6364 26.0827 2.0237 2.0237 22.2907 18.3922 19.2635 3.8603 −6.7665 2.112 3.18 −50.57 

7. 26.9157 21.2448 1.8121 1.8121 18.0016 13.8922 16.8436 3.3383 −5.8076 2.365 3.5 −47.99 

8. 21.0075 13.2507 1.4789 1.4789 11.1090 7.1695 12.6600 2.4978 −4.3115 2.995 4.2 −40.23 

9. 16.3552 6.6940 1.2278 1.2278 5.7907 3.0094 8.7977 1.8630 −3.2333 3.76 5.2 −38.3 

10. 14.1618 4.0632 1.1306 1.1306 3.9040 2.6344 6.6903 1.6809 −2.9008 4.27 6.2 −45.2 
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Table 2. Error measurement for the simulated fr from IE3D and the NN model using RBF network for the design of ACMSA 
for 2design parameters. 

Input Parameters Output Parameters 
S.N. 

Lg Wg fr (GHz) IE3D fr (GHz)NN Error% 

1. 28.1095 28.1095 2.21 2.2 0.45 

2. 25.9323 25.9323 2.39 2.4 −0.42 

3. 18.5848 18.5848 3.18 3.2 −0.63 

4. 17.0883 17.0883 3.37 3.4 −0.89 

5. 14.5039 14.5039 3.85 3.8 1.299 

6. 12.4640 12.4640 4.39 4.2 4.328 

7. 11.6484 11.6484 4.64 4.4 5.172 

8. 10.4255 10.4255 5.06 4.8 5.138 

9. 9.7474 9.7474 5.31 5.2 2.072 

10. 9.7513 9.7513 5.32 5.8 −9.023 

Table 3. Comparison of mean error % and time taken by different ANN models, for the design of ACMSA. 

S.N. 
Number of Design 

Parameters 

Time taken to develop 

BPA-ANN model 

Mean Error % given by 

BPA-ANN model 

Time taken to develop 

RBF-ANN model 

Mean Error % given by 

RBF-ANN model 

1. 9 1 hr 1.39657 4 min 43.615 

2. 2 5 min 0.59 10 sec 2.94 

Table 4. Comparison showing minimum frequency obtained from different methods. 

S. N 
Frequency Obtained From ANN Model 

(GHz) 

Frequency Obtained From IE3D

(GHz) 

Frequency Obtained From Prototype Model Fabricated

(GHz) 

1. 2.44 1.52667 2.46 

 
done using back propagation algorithm. Table 3 shows 
the comparison of mean error % and time taken for the 
development of the different ANN models. Mean error % 
is calculated as given in Equation (2) and a comparison 
of the resonant frequencies obtained by ANN model, 
IE3D software and the prototype model when measured 
in vector network analyzer is shown in Table 4. 

Mean =  |RelativeError|/10                 (2) 

5. Conclusions 

The trained networks are very useful as they give all the 
design parameters of the ACMSA for any desired reso-
nant frequency. A distinct advantage of neural computa-
tion is that, after proper training, a neural network com-
pletely bypasses repeated use of complex iterative proc-
esses for new design presented to it. This work can be 
extended for various dielectric constants for different ra-
diating patch. 
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