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1. Introduction

Tapped-delay-line circuits are used for (digital) beamforming networks and adaptive array antennas for
broadband signals [1]-[3]. In this case, the number of adaptive weights of an clement space adaptive array in-
creases considerably as the number of sensor elements and taps is increased. On the other hand, beamspace adap-
tive array antennas have the advantage that they can acquire desired signals and suppress interference with fewer
adaptive weights [4]-[6]. However, they are difficult 10 apply to broadband signal processing.

In this paper, we propose a beamspace adaptive array antenna for broadband signals. The proposed struc-
ture fully displays the above stated advantage. The proposed beamspace adaptive array antenna has only a few
adaptive weights, which is considerably less than an element space adaptive array with tapped-delay-line cir-
cuits. We prove by computer simulation that interference suppression of the proposed beamspace adaptive array
antenna is as good as that of the element space adaptive array and that it has the property of much faster conver-
gence.

2. Beamspace Adaptive Array Antenna for Broadband Signals
2.1 Proposed Structure of the Beamspace Adapiive Array Antenna for Broadband Signals

Figure 1 shows the proposed beamspace adaptive array antenna for broadband signals. In this structure, a
digital multibeam network that can pass the broadband signal is used instead of FFT. Tapped-delay-line circuits
are used for the broadband DBF networks with fixed weights g,,, of which the digital multibeam network is
composed. A few adaptive weights w, follow the beam selector. Although computational complexity in the digi-
tal multibeam network is increased, this structure has considerably fewer adaptive weights than an element space
adaptive array with tapped-delay-line circuits.

In order to suppress the broadband interference signals by a linear combination of selected broadband
beams, the following condilions are necessary:

« Each broadband DBF network has the same phase characteristics;

+ The beam pattern of each broadband DBF network is nearly independent of frequency, not only for the
main beam, but also for the pattern of every angle.

In the next section, we will give a brief description of the methods for calculating the weights a,,, that
satisfy the above requirements.

When a constant modulus algorithm (CMA) is applied to the beamspace adaptive array antenna shown
in Fig. 1, the adaptive weights are updated according to the following equations:
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where each w,™ is the adaplive weight value at the time=m, (i}, i,, ..., i} is the set of the selected beam num-
bers, i is a step size parameter, and & is the desired modulus value. The adaptive algorithm is not limited to the
CMA.

2.2 Design Method of the Broadband DBF Networks
A brief description of the design method is given here. The term “design” means calculating the fixed
weights ;.
Theméroadband DBF network #i (=0, 1, ..., I-1) can be regarded as a two-dimensional digital filter (2D-
DF). The frequency response of this 2D-DF is
N=I L]
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where F, and F, are normalized temporal frequency and normalized spatial frequency, respectively.
Assuming that the main beam direction is 8, the passband region of the 2D-DF is the hatched area on the
F\-F, plane shown in Fig. 2, where @, =40°, f,=0.2f,, and 4=0.45A,. The stopband region is the outside of the

hatched area. The “magnitude contour” of the 2D-DF is required to run along the line of Eq. (8) on the F-F;
plane in order for the beam pattern to be nearly independent of frequency including sidelobe characteristics, be-

cause f=constant is mapped to Eq. (8) on the F,-F, plane. (The group of slanted lines of Fig. 2 shows Eq. (8)
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as the parameter 6.) Such 2D-DFs can be obtained by a spectral transformation of Eq. (9) to one-dimensional
zero-phase FIR narrow-band lowpass digital filters. Equation (9) is the ideal transformation.

R, .
F= (fs_/fc;"}_ﬂ‘l = Fynipre Fasp = (df2,)sin 6 (€)]

The weights g,,, are obtained from the impulse response of the transformed 2D-DF. Both the number of
array elements N and the number of taps L are limited to being odd.

Figure 3 shows the antenna pattern of the broadband DBF network designed by the above method, where
6, =56°, f=0.2f,, and d=0.45A,. We assume that each antenna element has an omnidirectional pattern and no

mutual coupling. All antenna patterns nearly agree irrespective of frequency.

3. Simulation
Here, we will apply the CMA 10 the adaptive algorithm.

3.1 Conditions of Simulation

Table I gives the radio environment. There are two interference signals. Signal power is defined for I and
Q signals at the input of the beamforming network per one element. These three signals are not coherent with
one another.

We assume that each antenna element has an omnidirectional pattern and no mutual coupling. Linear-
uniform array is also assumed. Table II gives the bandwidth of signals used in the computer simulation, where f,
and A_ are carrier frequency and wavelength, respectively. As shown in Table II, we examine three kinds of

bandwidths. Element distance is set to the almost same value as half of the wavelength corresponding to the
maximum frequency of the RF signal in order that the main beam pattern and the frequency characteristics of the
broadband DBF networks do not deteriorate when the main beam direction is near endfire.

Table 11l gives other parameters. The multiple beamformer does not form orthogonal beams. The step size
parameter i is set so that standard deviation of the desired output signal can become about 0.5 dB after conver-

gence. We select 6 beams according to decreasing order of the power of the multibeam network output. Initial
weight value is set to 0.1 for the weight corresponding to the output of the multibeam network with maximum
instantaneous power and O for the rest. For comparison, we also examine the performance of an element space
adaptive array with tapped-delay-line circuits that have 7 taps.

The number of adaptive weights is:

Beamspace structure, 6; clement space structure, 17x7=119.

Table | Radio environment used in computer simulation
Direction of amval Power (relative to noise) Kind ot signal
Desired signal 25° 20 dB random FM
Interference 1 35° 17dB random FM
Interference 2 -50° 16 dB random FM
Noise — 0dB white Gaussian
Table 11 Bandwidth of signal
Case | Case 2 Case 3
Bandwidth of desired signal 0.08f. 0.167. 0.24/,
Bandwidth of interference 1 and 2 0.081 0.167 0.241
Sampling freguency f, 0.1f, 0.2 0.3,
Distance of elements d 0474, 0454, 0434,
Table 111 Other parameters
Number of antenna cleinents N 17
Number of multiple beams / 15 (main beam direction 0°, £7°, £15°, £24°, £34°, $45°, £56°, £70°)
Number of taps of the broadband DBF network L 17
Desired modulus value & 100

3.2 Results

The improvement factor (IMF) is used as index of the performance of interference suppression. IMF is

defined as :
IMF =($1),,,/(S/1),, (10)

where (S/1),, is the desired signal to interference power ratio at the input of the adaptive array per one element
and (8/1),,, is the desired signal to interference power ratio at the output of the adaptive array. Table IV gives
the IMF. Although the proposed broadband beamspace adaptive array antenna has much fewer weights than the
element space adaptive array, the performance of interference suppression of the former is as good as the latter.

Figure 4 shows the antenna pattern and the frequency characteristics of the broadband beamspace adap-
tive array after 4000 iterations for case 2. It is observed that a broadband null is formed in the interference sig-
nal directions of 35° and -50°. The null levels are more than 30 dB lower than the main beam level.

Figure 5 shows the convergence characteristics of the broadband beamspace adaptive array and the ele-
ment space adaptive array for case 2. This is the relative instantaneous power of output signals of the adaptive
array antenna. Clearly, convergence of the beamspace adaptive array is faster than the element space adaptive
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array. The reason why convergence of the beamspace adaptive array is faster is that broadband beams have al-
ready formed in the multiple beamformer and they are controlled by a few adaptive weights.

Table IV Improvement factor
Case 1 Case 2 Casc 3
DOA of interference 35° -50° 35° -50 35 -50°
Broadband bcamspace structure 354 dB 38.1 dB 35.1dB 349dB 33.0dB 36.0dB
Element space structure (tapped delay line) 344 d8 358 dB 33748 37.0dB 31.6d8 33.2dB |

4. Conclusions

We have proposed a beamspace adaptive array antenna for broadband signals. The proposed adaptive ar-
ray has only a few adaptive weights that follow a broadband digital multibcam network and a beam selector. We
have briefly described the required characteristics and the design method for the broadband DBF networks of
which the multibeam network is composed.

Finally, we have shown by computer simulation that the performance of interference suppression for the

proposed beamspace adaptive array antenna is as good as that of an element space adaptive array and that it has
much faster convergence.

Acknowledgment

The authors would like to thank Dr. Hideyuki Inomata, President of ATR Optical and Radio Communi-
cations Research Laboratories, for his encouragement and helpful advice.

References

(1] O. L. Frost, III, *“An algorithm for linearly constrained adaptive array processing,” Proc. [EEE, vol. 60, no.
8, pp. 926-935, Aug. 1972.

[2] N. Kikuma and K. Takao, “Broadband and robust adaptive antenna under correlation constrained,” IEE Proc.
vol. 136, Pt. H, no. 2, pp. 85-89, Apr. 1989.

[3]1 R. Kohno, “Information theoretical aspects of spatial and temporal signal processing using an adaptive array
antenna,” J. Inf. Process. Soc. Japan, vol. 35, no. 7, pp. 609-617, 1994.

[4] K. Takao and K. Uchida, “Beamspace partially adaptive antenna,” IEE Proc. vol. 136, Pt. H, no. 6, pp. 439-
444, Dec. 1989,

[51 1. Chiba, W. Chujo, and M. Fujise, “Beam space CMA adaptive array antenna,” Trans. IEICE B-II, vol. J77-
B-II, no. 3, pp. 130-138, Mar. 1994,

[6] K. Nishimori, N. Kikuma, and N. Inagaki, “The differential CMA adaptive array antenna using an eigen-
beamspace system,” IEICE Trans. Commun., vol. E78-B, no. 11, pp. 1480-1488, Nov. 1995.

;/
d h
-+

Broadband digital
................................................................................. multibeam network

'

L
[ [ Droadband ,- ________ , Brmdh;nd Braadband -
H " DBF network 50 DBF netwock #1 DBF network &/-1)

...............................................

Yem) nm)
| TS
f Selecior |
Yo}y fm) ¥i,m)

=z
N

&

F

4
2(mi
Fig. L. Proposed structure of the beamspace adaptive array antenna for broadband signals.
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Fig. 3. Antenna pattern for the designed broadband
DBF network. Main beam direction is 56°.
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broadband beamspace adaptive array (case 2, after 4000 iterations).
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Fig. 5. Convergence characteristics for the proposed broadband beamspace adaptive array (left)
and the element space adaptive array (right).
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