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Abstract— An extreamly large scale periodic array antenna is
required for the power transmission in the space solar power
systems. Analysis of the array antenna is important to estimate
radiation property of the array antenna, but a full-wave analysis
requires too much computer memory and too long CPU time.
In order to overcome this difficulty, the impedance extension
method is proposed as a method of approximate analysis for a
huge periodic array antenna. The active impedance and radiation
pattern of the array antenna are presented. It is shown that the
edge effect of the array antenna is very small in a huge array
by error analysis of the active impedance and the radiation field
for the impedance extension method.

I. INTRODUCTION

Exhaustion of the energy source including fossil fuel has

become one of the most serious problems in recent years.

As one of the approaches to solve the problem, research on

the SSPS (Space Solar Power Systems), which generates the

power by solar cells mounted on geostationary satellite and

transmits the power to the earth with microwave, has attracted

considerable attention as described in [1], [2]. In order to

transmit the microwave power from the SSPS to the earth,

a huge array antenna composed of hundreds of millions of

elements is used to obtain an extremely narrow beam width

of microwave. Therefore, beam width, actual gain pattern and

edge effects of a huge periodic array antenna have to be

analyzed for the design of practical use of SSPS.

Many efforts have been made to analyze electromagnetic

property of the periodic array antenna. Ishimaru et al. [3]

proposed a finite periodic structure method for the analysis

of a finite array antenna and compared the active impedance

of 11 × 11 element dipole array antenna over a ground plane

obtained by the proposed method with exact solution and

infinite periodic structure. Hansen and Gammon presented

the effects of the active impedance of finite-by-infinite array

antenna consisting of dipole elements with a ground plane

[4], [5]. They also proposed a Gibbsian model to express the

edge effects of the active impedance [6], [7]. It has been also

reported that the active impedance is independent of a number

of elements and E-plane impedance can be modulated form

depending on the radius of elements [9]. Although so many

results of the active impedance of a periodic array antenna

have been reported in these papers, analysis for the actual

gain pattern and systematic analysis of the array antenna have

not been reported yet.

Meanwhile, many researches of methods for the huge array

antenna have been carried out. One of these researches is the

acceleration of Method of Moments (MoM)[10], [11]. MoM

is a popular method to analyze antennas as well as conducting

scatterers, but the CPU time and memory are proportional to

N3 and N2, respectively, when Gaussian elimination is used

to solve a N × N MoM matrix, where N is the number of

unknown coefficients in MoM. Therefore, analysis of large

antenna whose hundreds of millions of unknown is almost

impossible and it is important to develop a much efficient

method to analyze such a huge scale antenna.

In this paper, properties of active impedance of a peri-

odic array antenna reported in previous papers are explained

briefly. Impedance extension method, which can be used for

the approximate numerical analysis of a huge periodic array

antenna using properties of the active impedance, is proposed.

Finally, the validity of the proposed method is discussed by

calculating the active impedance and actual gain pattern of

two-dimensional periodic cross dipole array antenna.

II. IMPEDANCE EXTENSION METHOD

Numerical results reported in previous papers [3]-[9] yield

following properties of active impedance of a periodic array

antenna.

1) Active impedance is almost independent of the distribu-

tion of feeding voltage.

2) Active impedance changes in the edge region, and is

almost uniform in the central region.

3) Active impedance is almost independent of a number of

elements, when the number of array elements is large

enough.

From these properties, it is possible to expand the active

impedance of a small periodic array antenna (called ”small

array”) having No
x elements to a huge periodic array antenna

(called ”huge array”). Two dimensional periodic cross dipole

array antenna having a ground plane for SSPS is shown in

Fig. 1. In the Impedance extension method (IEM) shown in
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Fig. 1. Two dimensional cross dipole array antenna for SSPS.
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Fig. 2. Two dimensional impedance extension method (IEM).

Fig. 2, the elements of the small array are divided into four

areas. Next, the active impedance of the elements is substituted

into those of the elements in the corner region of the huge

array. Finally, the active impedance of the other elements in

the huge array is extended from that of the elements in the

corner region. In the Infinite array method (IAM) shown in

Fig. 3, on the other hand, the active impedance of the center

element in the small array is substituted into the impedance

of all elements of the huge array.

III. NUMERICAL RESULTS

A. Active impedance and actual gain of a huge array

The impedance extension method is applied to a huge array.

Active impedance of a small array having No
x = No

y = 50 is

extended to the huge array with Nx = Ny = 200. The length

of each dipole, the radius of each dipole, the array spacing and

the height of the array elements are 2l = 0.5λ, a = 0.00025λ,

dx = dy = 0.75λ and h = 0.25λ, respectively. Each dipole

is divided into 3 dipole segments in MoM analysis. As the

feeding amplitude of the voltage of the array element, 10dB-

tapered Gaussian distribution expressed by

V (nx, ny) = e−
(x−μx)2+(y−μy)2

2σ2 (1)

is employed, where
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Fig. 3. Infinite array method (IAM).
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Fig. 4. Active impedance of 100th row.

μx =
dx(Nx − 1)

2
, μy =

dy(Ny − 1)
2

, x = dx(nx − 1),

y = dy(ny − 1), σ2 =
{dx(Nx − 1)}2 + {dy(Ny − 1)}2

8 log(
√

0.1)
.

Since image method is used to include the effect of ground

plane, the total number of elements to be analyzed is 80000.

The current distribution of each array element is required to

calculate the radiation field, and it is assumed that all elements

have the same current distribution to that of the center element

in the small array. Using this current distribution, actual gain

pattern of the huge array is obtained.

Active impedance of dipole antennas along with x axis of

100th row obtained by the impedance extension method and

full-wave analysis is shown in Fig. 4. Actual gain pattern of

the array antenna is shown in Fig. 5. It is found that the

active impedance and the actual gain obtained by the proposed

method agree with those by the full-wave analysis very well.
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Fig. 5. Actual gain pattern obtained by impedance extension method and
full-wave analysis.

B. Error of impedance extension method
Error of active impedance of two methods is estimated using

following RMSE (Root Mean Square Error).

RMSE =

√√√√√√
Nx∑
i=1

Ny∑
j=1

|Zx
1 (i, j) − Zx

2 (i, j)|2

(NxNy)2
(2)

where Zx
1 (i, j) is the active impedance of the element along

with x axis obtained by full-wave analysis and Zx
2 (i, j) is the

active impedance of the elements along with x axis obtained

by impedance extension method. RMSE of the two method is

shown in Fig. 6. It is found that RMSE of the IEM, which

takes into account for edge effects, is smaller than that of the

IAM, which ignores edge effects. In addition, RMSE of the

two method gradually decrease when a number of elements

Nx = Ny increases.
Error of the radiation field of two methods is also estimated

using following equation.

ε =

√√√√√√√√
P∑

i=1

|E1(θi) − E2(θi)|2

P∑
i=1

|E1(θi)|2
(3)

where E1 is the radiation field obtained by MoM, E2 is the

radiation field obtained with the impedance extension method

and P is the number of sampling points of θi. Error of the

radiation field of the two methods is shown in Fig. 7. It is

found again that error of the IEM is smaller than that of

the IAM. These results show that edge effects on the active

impedance and the radiation field are negligible for the huge

array antenna.

IV. CONCLUSION

In this paper, properties of the active impedance of a

periodic array antenna, which were reported in previous pa-
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Fig. 6. RMSE of the active impedance.
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Fig. 7. Error of the radiation field.

pers, were explained briefly. The impedance extension method

based on these properties was also proposed as an approximate

method for the huge array antenna. In the impedance extension

method, the active impedance of the small array antenna

obtained by MoM was extended to that of the huge array

antenna. This method has two advantages. First, the CPU time

and computer memory for analysis are independent of the

array scale. Second, when the active impedance of the small

array is once obtained, any huge array can be analyzed by the

proposed method as long as it has the same array parameter

excluding the number of elements Nx because the active

impedance is almost independent of a number of elements

and distribution of feeding voltage. The active impedance and

the actual gain of the two dimensional huge array antenna

were obtained by proposed method and high accuracy was

confirmed. Furthermore, it was also found that edge effects of
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the huge array is negligible from the error estimation of the

active impedance and the radiation field.

In-phase feeding distribution was assumed in this paper.

However, the phase of the array element may be different from

each other when beam is scanned. The validity of the present

method applied to the array antenna with phase distribution

will be given in the future work.
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