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Abstract

In this paper, we present a novel design approach for a wideband non-uniformly spaced linear array (NUSLA) to suppress the effect
of interference signals. Notably, a uniform linear array (ULA), which is easy to handle, is widely utilized to generate nulls over a wide
band; however, its beamforming performance is limited owing to the ULA structure. Although a NUSLA with nonlinear spacing
addresses nonlinear problems that are difficult to handle mathematically, it can exhibit performance improvements surpassing those of
ULA structures. However, an additional constraint is required to generate nulls at a specific position, and this has not yet been studied
for null generation using wideband NUSLA. In this paper, we propose a novel cost function for designing a wideband NUSLA, which
generates a null at the desired position, and we utilize the modified reinforcement learning algorithm (MORELA), which is a heuristic
optimization algorithm based on reinforcement learning (RL), to minimize the proposed cost function and analyze the optimized antenna
array and weights. Further, we compare the performance of the proposed MORELA based on RL with that of existing heuristic
optimization algorithms via computer simulations.
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Table 3. Antenna position and weight obtained from the proposed method.

6,7} —20 deg, 20 deg, 40 deg?

AL-E case 302 3T}

Case 1 Case 2 Case 3
Position Weight Position Weight Position Weight
(Amin) (a£9) (Amin) (aZ @) (Amin) (al9)

0 0.1662 £ 4.7424 0 0.1071 £ 16.2209 0 0.1240 £ 28.0925
0.7124 0.2646 £ 24.3997 0.5959 0.1240 £ 18.8279 0.8717 0.1549 £ 26.3500
1.4745 0.3148 £ 28.8807 1.2340 0.1382 £ 21.4997 1.5922 0.2302 £ 24.5755
2.1316 0.2324 £ 357238 1.9171 0.1816 £ 30.5149 2.1518 0.1635 £ 37.4974
2.7083 0.3049 £ 20.5441 2.4495 0.2493 £ 4.3508 2.7251 0.3000 £ 21.3726
3.4207 0.4256 £ 239144 3.0808 0.2813 £ 13.8859 3.3662 0.3604 £ 37.9019
4.1221 0.3448 £ 29.5010 3.7337 0.3188 £ 28.0438 4.0770 0.4120 £ 23.5366
4.6468 0.2792 £ 26.0597 4.2731 0.3308 £ 9.3678 47117 0.3940 ~ 35.1157
5.2574 0.4139 £ 30.7239 4.9016 0.3043 £ 14.1967 5.2615 0.3772 £ 30.4022
6.0305 0.4345 £ 30.3900 5.5278 0.3184 £ 17.2963 5.9592 0.4628 £ 29.2993
6.6916 0.3164 £ 40.1752 6.1170 0.3030 £ 11.8330 6.5805 0.3920 £ 34.1724
7.2872 0.2594 £ 27.6514 6.7189 0.2827 £ 5.5924 7.2513 0.3939 £ 31.9983
7.9704 0.3547 £ 26.5274 7.3603 0.2629 £ 17.1432 8.0121 0.3807 £ 31.5151
8.7254 0.3308 £ 38.7911 7.9584 02217 £16.2317 8.7806 0.2944 £ 36.8907
9.6716 0.2184 £ 24.0074 8.5794 0.1582 £ 28.8300 9.6629 0.2182 £ 26.3358
10.4121 0.1777 £44.1144 9.1850 0.1170 £ 39.1836 10.4881 0.1741 £ 38.6765
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Table 4. Antenna position and weight obtained from the QPSO algorithm.

Non-Uniformly Spaced Linear Array 2 A 7]

Case 1 Case 2 Case 3
Position Weight Position Weight Position Weight
(Amin) (a2 ¢) (Amin) (a2 ¢) (Amin) (a£9)

0 0.2702 £ 65.2528 0 0.3609 £ 51.6010 0 0.2403 £ 102.207
0.7050 0.5392 £ 99.9339 0.6586 0.4557 £ 130.732 1.0319 0.4250 £ 94.2329
1.5316 0.6763 £ 114.099 1.1743 0.5065 2 144.631 1.9560 0.5530 £ 106.762
2.4752 0.6728 £ 104.525 2.1781 0.2271 £ 8.8311 2.5027 0.2401 £ 84.4985
3.2739 0.7052 £ 119.936 2.9649 0.7225 £ 104.905 3.0438 0.7851 £ 98.6651
4.2705 0.6512 £ 106.098 3.5518 0.7071 £ 112.935 3.8569 0.8978 £ 100.985
5.0934 0.7450 £ 116.957 4.2704 0.3217 £ 179.661 4.7492 0.9920 £ 92.4846
6.0005 0.7408 £ 109.876 5.5424 0.6719 £ 70.1538 5.4436 0.7267 £ 110.869
6.9446 0.7164 £ 97.8211 6.2038 0.8278 £ 90.6640 6.0803 0.7309 £ 89.5340
7.8217 0.8093 £ 96.3934 6.8929 0.6636 £ 114.361 6.6740 0.8003 £ 99.9979
8.6732 0.7944 £ 95.5838 7.4871 0.6946 £ 94.0662 7.4469 0.8645 £ 98.0949
9.4974 0.6709 £ 96.4878 8.1720 0.8571 £ 106.984 8.3659 0.7345 £ 96.7472
10.2170 0.5471 £ 97.2819 8.8134 0.7171 £ 107.089 9.2527 0.5268 £ 99.5963
10.9033 0.4317 £ 101.187 9.3945 0.5082 £ 88.4507 9.9296 0.2109 £ 103.980
11.6099 0.3501 2 113.029 10.1073 0.6061 2 119.603 10.5112 0.2761 £ 88.8782
12.4148 0.2309 £ 123.831 10.6577 0.4076 £ 116.884 11.3819 0.2190 £ 104.642

# 5 MALO ¥¥eF0E 4L ey A% 7HeA
Table 5. Antenna position and weight obtained from the MALO algorithm.
Case 1 Case 2 Case 3
Position Weight Position Weight Position Weight
(Amin) (aZ¢) (Amin) (aZ¢) (Amin) (a2 9)

0 0.1000 £ 55.0389 0 0.6796 £ 6.0499 0 0.4615 £ 8.3595
0.5146 0.1000 £ 30.4792 0.5358 1.0000 £ 8.9012 1.3885 0.7683 £ 1.3982
1.0146 0.4439 £ 1.2139 1.1867 1.0000 £ 35.4253 2.7730 1.0000 £ 0.2142
1.5149 0.9997 £ 27.4724 1.6867 1.0000 £ 20.2364 42723 1.0000 £ 1.1282
2.0149 1.0000 £ 59.2769 2.1867 1.0000 £ 20.7494 5.7723 1.0000 £ 3.0174
2.5149 0.8965 £ 44.1713 2.6867 1.0000 £ 40.0928 7.2723 1.0000 £ 1.6428
3.0149 1.0000 £ 47.4223 3.1867 1.0000 £ 28.7349 8.7723 1.0000 £ 0.7007
3.5335 0.7574 £ 31.7748 3.6867 1.0000 £ 7.3749 10.2723 1.0000 £ 2.2867
4.0335 1.0000 £ 32.8547 4.1867 1.0000 £ 22.5225 11.7723 1.0000 £ 0.4296
4.5335 0.6858 £ 23.5657 4.6867 1.0000 £ 43.8556 13.2723 1.0000 £ 5.1421
5.0335 1.0000 £ 9.9997 5.1867 1.0000 £ 19.7149 14.7723 1.0000 £ 4.8254
5.5335 1.0000 £ 28.8289 5.6867 1.0000 £ 0.1001 16.2723 1.0000 £ 5.2770
6.0335 0.9130 £ 64.6752 6.1867 0.9557 £ 0.1000 17.7632 1.0000 £ 5.6858
6.5335 0.1000 £ 38.2162 6.6867 1.0000 £ 16.1114 19.2632 1.0000 £ 5.6499
7.0335 0.3789 £ 30.1502 7.1869 1.0000 £ 32.3371 20.7632 0.7460 £ 0.1000
7.5335 0.1000 £ 61.0856 7.6869 0.5808 £ 29.9230 222632 0.4635 £ 0.1000
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