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Abstract: With the development of radar system, the use of conformal antennas for the radar receiver antennas 
array has been increasing rapidly. Because of the all-azimuth scan capability, the circular array is widely used in 
the radar system. However, when the radar location place is limited, the classical circular antenna array would 
not be placed successfully. In this paper, an improved antenna array which is to put some small circular arrays 
into a big circular array is proposed. And an improved thinning and optimization approach based on the ant 
colony algorithm is applied to obtain the optimal number of the antenna array elements with the restriction of 
the location. Moreover, the optimal performance of the difference of the peak sidelobe level (PSLL) and the 
main lobe width is derived. The computer simulation results show that the peak sidelobe level of the special 
antenna array could be reduced with the less antenna array elements at the same time. As a result, the system 
performance of the spatial resolution and estimation is improved. Simultaneously, the adaptivity for the different 
kinds of location place of this antenna array would be enhanced. Copyright © 2013 IFSA. 
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1. Introduction 
 

The circular array antennas have gained immense 
popularity in radar system nowadays. It has proved to 
be a better alternative over other types of antenna 
array configuration due to its all-azimuth scan 
capability, and a beam pattern which can be kept 
invariant [1, 2]. In [1], a simulation analysis of UCA 
(uniform circular array) system performance and a 
variety of errors affect was conducted. In [2], the 
authors solve the shortcomings of the circular array 
effectively to get lower side lobe level by introducing 
directed element appropriately and selecting the 
radiation equation to each array element. In [3], the 
concentric arrays are analyzed by using radial guide 
field matching. In [4], a kind of adaptive circular 

array antenna is investigated. In [5], the authors 
utilize two-dimensional circular array for DOA 
estimation. Lots of research has gone into optimizing 
antenna structures so that the radiation pattern has 
low sidelobe level. This very fact has driven 
researchers to optimize the CCAA (concentric 
circular array antenna) design [6]. However, when 
the circular array are located in a narrow region, 
some elements may not be placed normally, which 
needs a reasonable distribution of every element. It is 
similar to conformal antenna's application. 
Conformal antenna is able to match the requirement 
of its location and don't bring in additional burden. In 
[7] and [8], the authors mainly analysis a method of 
conformal antenna's mapping and design. A kind of 
miniature array-capsule antenna is developed in [9]. 

Article number P_RP_0053



Sensors & Transducers, Vol. 161, Issue 12, December 2013, pp. 625-630 

 626

In this paper, a conformal-like antenna: non-
concentric circular array is proposed and the ant 
colony algorithm is applied to optimize and thin this 
array [10-12]. Detailed analysis process is shown in 
the following. 
 
 
2. Non-concentric Circular Array  

Pattern Function 
 

Assuming both the signal's elevation angle and 
the observed elevation angle are 90 degrees, uniform 
non-concentric circular array model is shown  
in Fig. 1. 
 
 

 
 

Fig. 1. Non-concentric circular antenna array. 
 
 

φ0 denotes the arrival angle of the signal to point 
O and R denotes the radius of the big uniform 
circular array antenna. φ0

' denotes the arrival angle of 
the signal to point O' and r denotes the radius of the 
small uniform circular array antenna. The heart of the 
big circular array is (0, 0) and the heart of the small 
circular array is (L, 0). The element number of the 
big circular array and the small circular array are N 
and n. The first element of either array is located on 
the positive X axis. If SO and SO' is far longer than R 
or r, it might be approximated that φ0=φ0'. The 
radiation pattern of the big circular array is  
written as: 
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where φ denotes the observed azimuth angle, and k = 
2π/λ, λ being the signal wavelength. And φi is the 
azimuth angle of the ith element. Ai is the ith element 
amplitude weight. The radiation pattern of the small 
circular array is written as: 
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The phase difference between the two arrays is 
2πLcosφ0/λ. Assume the amplitude weight of the big 
circle array and the small circle array are both 1. The 
whole system's radiation pattern may be written as:  
 

      

    















n

m

LrLrjk

N

i

jkR

mm

ii

e

eF

1

coscoscoscos

1

coscos
0

00

0,





 

(3) 
 

When the non-concentric circular arrays are full 
with the difference of element number, the main lobe 
width and peak sidelobe level are different. 
 
 
3. Thinning and Optimization Approach 

Based on the Ant Colony Algorithm 
 

The ant colony algorithm was put forward by 
Dorigo in the 1990s. He raised the bionic algorithm 
by imitating ants foraging. The algorithm has two 
advantages: parallelism and robustness. It means the 
ant colony algorithm is high computational efficient 
and effective of global information. Ant leaves some 
special material (pheromone) on the path in the 
process of feeding. By feeling the pheromone, other 
ants choose the direction which is rich in pheromone. 
They continue to release pheromone, thus more and 
more ants are attracted to take the path. The 
performance of a large number of ants is a positive 
feedback phenomenon, which will lead to an 
increasing number of ants on the best path. 

Ant colony algorithm has been widely researched 
and developed, especially to reduce the peak sidelobe 
level for the purpose of array optimization, such as 
the element number optimization, the amplitude 
weight optimization and the antenna structure design. 
Because the variation of the main lobe width is 
smoother with the different array parameters, we 
focus on optimizing the peak sidelobe level. And the 
thinning and optimization approach is shown  
in the following. 

Step 1: The rightmost element of either circular 
array is set as the start point. Along the 
counterclockwise, other elements are encoded. When 
an element in some position is removed by 
optimization, it is encoded as ‘0’. Otherwise it is 
encoded as ‘1’. Therefore every array antenna is 
encoded as a binary code.   

Step 2: Create a population. A population of  
500 binary numbers is created in this paper.  

Step 3: Calculate each individual’s peak sidelobe 
level and the state transition probability. The 
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searching type of every individual in step 4 is judged 
by these results.  

Step 4: Begin local search and global search for 
the population. If an array's state transition 
probability is smaller than 0.2, it will accept the local 
search. Otherwise, the array will conduct  
a global search.  

Step 5: Whether each individual needs to move is 
judged and the population is updated. If some array's 
peak sidelobe level becomes lower after searching, 
the previous individual is replaced with the post one. 
Otherwise, it will remain unchanged. Each array is 
checked in this way.  

Repeat the above process until the optimal result 
is generated. And the corresponding flow chart of the 
thinning and optimization approach is shown in 
Fig. 2.  
 
 

 
 

Fig. 2. Flow chart of the ant colony algorithm. 
 
 
4. Simulation and Analysis 
 
4.1. Optimization of the Full Array 
 

Assume that the big circle's radius is 2 m, the 
small circle's radius is 0.7 m, the centre distance is 
1 m, the incident wave's frequency is 300 MHz, the 
incident azimuth angle is 180 degrees and the 
incident elevation angle is 90 degrees.  

Simulation shows that the peak sidelobe level and 
the main lobe width are changed when the element 
number is changed. The range of the element number 
is [0,100]. The variation is shown in Fig. 3 and 
Fig. 4. When N = 31 and n = 9, the peak sidelobe 
level equaling -12.74 dB is the best value. 

The results show that: In general, the peak 
sidelobe level decreases with the increase of N, n. 
When N, n is small, there is great fluctuation. When 

N, n is more than 30, the peak sidelobe level is 
changing smoothly. Compared with the peak sidelobe 
level, the width of the main lobe is changed far more 
gently. And it diminishes with the increases of N or 
n. Above all, the optimal value of the element 
number is N=31, n=9.  
 
 

 
 

Fig. 3. The variation of peak sidelobe level. 
 
 

 
 

Fig. 4. The variation of main lobe width. 
 
 

Then the kind of non-concentric antenna array is 
optimized in the following. The big circular array has 
31 elements and the small circular array has 9 
elements. Other parameters are the same as above. 
The number of the population is 500 and the number 
of iterations is 50. The crossover probability is 0.7 
and the variation probability is 0.01. The peak side 
lobe level is the optimization goal. The thinning 
results are shown in Table 1. Comparison between 
full array and thinned array is shown in Fig. 5. 
 
 

Table 1. Thinning results of the full array. 
 

 Full array Thinned array 

Small 
11111111111111
11111111111111

111 

111011010111011
111111011111011

1 

Big 111111111 111110101 

Num. 40 32 

PSLL -12.74 dB -13.53 dB 
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The experimental results show that the number of 
element is reduced to 32 after optimization, while the 
number of full array is 40. It reduces the costs and the 
occupied space of this array. The antenna array 
performance has been optimized. The peak sidelobe 
level is reduced from -12.74 dB to -13.53 dB. 
 
 

 
 

Fig. 5. Comparison of the pattern when the array is full. 
 
 
4.2. Optimization of the Restricted Array 
 

Now we assume that some elements can not be 
placed in the big circular array. The 14th, the 15th, 
the 16th and the 17th elements cannot be placed on 
the big circle array. And other elements are normally 
placed as Fig. 6. In this case, we use ant colony 
algorithm to optimize the array. 

Simulation uses single-frequency signal, all of 
parameters are the same as the previous experiment. 
The peak sidelobe level is the optimization goal. The 
results are shown in Table 2. Comparison between 
the full restricted array and the thinned array is 
shown in Fig. 7. 
 
 

0
0

 
 

Fig. 6. Non-concentric circular antenna array. 
 
 

The experimental results show that under the limit 
that the four elements have to been given up, the total 
number of the array elements is optimized from 36 to 
25, reducing the system’s cost and the occupied 
space. The antenna array performance has been 

optimized. The peak sidelobe level is also reduced to 
-12.69 dB from -10.84 dB. The result is close to  
-12.74 dB when the array is full.  
 
 

Table 2. Thinning results of the restricted array. 
 

 Full array Thinned array 

Small 
11111111111110
00011111111111

111 

111011101110000
001101010110101

1 
Big 111111111 111110101 

Num. 36 25 
PSLL -10.84 dB -12.69 dB 

 
 

 
 

Fig. 7. Comparison of the pattern when the array  
is restricted. 

 
 
4.3. Improved Non-concentric  

Array Optimization 
 

When the big circular array has more available 
space, we can consider increasing the number of the 
small circular array. Through a number of 
experiments, we find that when the number of small 
circle array is 2, the antenna peak side lobe level is 
little better. When the number reaches 3 (shown in 
Fig. 8), the antenna peak side lobe level is much 
better. Optimization is given below.  
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X

Y
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Fig. 8. Improved non-concentric array. 
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Each of the small circular array has 9 elements, 
their radius are 0.7 m. Other parameters are the same 
as above. The peak side lobe level is the optimization 
target. Results are shown in Table 3. Comparison 
between the full array and the thinned array is shown 
in Fig. 9. 
 
 

Table 3. Thinning results of the improved array. 
 

 Full array Thinned array 

Big 
11111111111111
11111111111111

111 

11111001010111
00110100101000

111 
Small 
(right) 

111111111 110011011 

Small (up) 111111111 101111011 
Small (left) 111111111 110101111 

num 58 38 
PSLL -14.76 dB -15.75 dB 

 
 

 
 

Fig. 9. Comparison of the pattern when the array  
is improved. 

 
 

The experimental results show that: the total 
number of the array elements is optimized from 58  
to 38, greatly reducing the cost. Peak side lobe level 
is reduced from -14.76 dB to -15.75 dB. But it can be 
observed that main lobe width is wider in the  
thinned array. 
 
 
5. Conclusions 
 

When the space is limited, the non-concentric 
circular array may be an admirable choice to replace 
the traditional concentric circular array. Furthermore, 
the peak side label level of the non-concentric 
circular array will be reduced through thinning based 
on the ant colony algorithm. Simulation results show 
that the number of the elements is reduced with the 
lower peak sidelobe level for the ordinary non-
concentric circular array and the restricted non-
concentric circular array. It is not only convenient for 
that there is only one small circular array, but also 
suits that there is three small circular arrays or more. 
As a novel antenna, the non-concentric circular array 
will not only increase the efficiency of the space 

utilization, but also improve the system performance. 
Generally, it corresponds about the requirement in 
the circumstance of the restricted space. 
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