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Abstract 
A design method for nonuniformly exciting arrays taking into account the mutual couplings between 

elements is proposed. The arrays consist of parallel linear elements. The algorithm of the method is 

based on the incremental property of the input impedances and the current amplitudes of each element 

when the element length is varied. In order to realize the desired current values of each element, these 

incremental properties are utilized. The shaped beam synthesis array which generates a rectangular 

radiation pattern is designed by this method. The experimental results show that the proposed 

algorithm is available for designing nonuniformly exciting arrays. 

Introduction 
Since the conventional array antema design using array factor does not include the effects of 

coupling between elements, there are some differences between the desired pattern and the practical 

array pattern. We have presented a design method of array antennas taking into account mutual 

coupling between elements. In our previous paper, the desired current distribution on each element was 

realized by using the incremental property of the input impedance of the dipole antenna for uniform 

arrays of the broadside and endfire, and Chebysev array ill. A close agreement was obtained between 
the pattern of the array factor @F) and the array designed of this method. The availability of this 

method has also been conhrmed from the experimental results. In this paper, the method is applied to 

the nonuniformly exciting array that generates a rectangular radiation pattern 121. The array anterma 

with the rectangular pattern can be applied to mobile communications in urban areas and car testing 

tracks having an oval shape. The availability of this design method is confirmed by the moment method 

(MM) and experiments. 

Generating of Rectangular Patterns 
It is well known that the sector pattern generated by the pattern synthesis yields the overshoots at 

both ends of the flat region, and the trails at both sides of the transitions. The method proposed here 

utilizes this behavior of the synthesized pattern. First, an elliptical pattern is given as a testing pattern, 

and then the desired rectangular pattern is realized by adjusting the element spacing. The rectangular 

patterns are generated by means of the modified Woodward-Lawson sampling method as follows. 

Figure 1 shows the array configuration. The discrete pattern sample values p n is chosen to the values 

on the elliptical curve as 
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where “a” and “b” are the lengths of the semi major aml semi minor axes, and m is sample location of 

the”d”th element. The current amplitudes $, are given by the Woodward-Lawson method as 
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where xm is the element location from the origin, and total array length: L is 2Md = Pd @number of 

elements, d: element spacing). The current distribution for generating the rectangular radiation pattern 

is obtained from the recursive computation of (3) by changing the element spacing. For an example, a 

lo-element array has been calculated. The current distribution is presented in Table I when the element 

spacing is set to d=O.40& and the condition of b/a=O.3. The resultant rectangular pattern obtained by 

the pattern synthesis of array factor (AF) is shown by the solid line in Fig. 2. And the calculated result 

by MM described later is also shown by dotted line in this figure. Figure 3 shows the normalized current 

amplitude and phase. 

Algorithm of Design method taking into account mutual coupling between elements 
At first the current amplitude and phase distributions of equal element length (1 = 0.4 rS are 

calculated by the moment method as shown in Fig.4. The amplitude distribution is far from the desired 

values, because of the effects of the mutual coupling between elements. These differences are mainly 

caused by the large value of the input impedance of center elements (#5,#6) compared with the other 

elements. So, the radiation pattern is distorted from rectangular pattern as shown in Fig. 5. Next we 

attempt to realize the desired current distribution for generating the rectangular radiation 

pattern. The desired current distribution is realized by adjusting the length of each element. The 

algorithm of the determination of element length is using the incremental property of input impedance 

when the element length is varied. First the length of the center elements (#5,#6), is decided to 

1&=0.49X f?orn the gradient of reactance of Axi between 1=0.5X and 1=0.48X. Secondly, the lengths of the 

#1,#2,#3,#8,#9,#10 elements are decided by compensating the difference from the desired values by 

using the gradient of current AI. Lastly the remaining elements @#4,#7) are also determined by using 

gradient of reactance. The Snal element lengths and the input impedances are presented in Table II. 

The radiation pattern calculated by the Moment method with the element length in Table II is depicted 

by the dotted line in Fig.2. The resultant pattern designed by the proposed method is close to the desired 

rectangular shape compared with the pattern by the pattern synthesis (solid line). The current 

amplitude and phase distribution calculated by MM(A) and the array factor (0) are shown in Fig. 6 and 

Fig. 7. It is noticed that the current amplitude distribution by MM has a gradual increment to the 

center elements, and the phase distribution is gradually delayed to the center elements. The 

experimental values are also plotted by l marks in these figures. Figure 8 shows the rectangular 

patterns of the calculations by the array factor (thin line) and by the MM (dotted line) and the 

experimental result (solid line). From the experimental result, although there are some ripples in the 

direction of perpendicular to the array axis, the resultant radiation pattern which has the beam width of 

close to the calculated result of MM, can be put to the practical use. 

Conclusion 
A design method for nonuniformly exciting arrays, which consist of parallel linear elements, taking 

into acdount the mutual couplings between elements was proposed. The algorithm of the method is 

based on the incremental property of the input impedances and the current amplitudes of each element 



when the element length is varied. In order to realize the desired current values of each element, these 

incremental properties are utilized. In this paper, the shaped beam synthesis array which generates a 

rectangular radiation pattern was designed by this method. First, the rectangular radiation pattern was 

generated by the modified Woodward-Lawson method of pattern synthesis. Then each element length of 

the array was determined by this method. The experimental results showed that the proposed 

algorithm was available for designing the nonuniformly exciting arrays. Acknowledgment : The authors 
would like to thank Mr. H. Nakazawa, Mr.M.Takikawa and Mr. R. Kitoh for experimental supports and also 

Assistant Prof. K. Sakaguchiand Lecturer K. Saegusa of Nihon University for useful discussion. 
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Fig. 4. Current distribution of equal element 
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T?ble I Current distribution (modified Woodward-Lawson method) 

Element No. 1,lO 23 398 427 56 

. Current Amp&n.) 0.1475 -0.4196 0.6311 -0.7736 1.0000 

AIlddB) -16.63 -7.54 -4.00 -2.23 0.000 

I Phasecdeg) 0 -180 1 0 -180 1 0 

Table II Final results of element length and input impedance 

Element No. 1,lO 279 3,s 477 576 
Length@ 0.3652 0.3733 0.3818 0.4172 0.4900 

R(B) 14.2 35.7 53.6 67.6 73.4 

xw -29.7 -42.8 -44.0 -25.1 7.3 
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Fig. 5. Radiation pattern of equal element 
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Fig.7. Phase distribution of terminal current Fig. 8. Rectangular radiation patterns 


