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Low complexity MED algorithm based on numerical analysis theories
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(1. College of Information Science and Engineering, Jishou University, Jishou 416000, China;
2. School of Computer Science and Engineering, Central South University, Changsha 410100, China)

Abstract: The classical maximum eigenvalue detection (MED) algorithm has excellent performance in detecting correlated
signals. However, with the increasing signal dimensionality, the MED algorithm faces serious problems in the calculation efficiency
and implementation of test statistic and decision threshold, thus greatly limiting the further application of the algorithm in modem
cognitive communication systems. To this end, a low-implementation complexity MED algorithm based on a numerical analysis
theoretical framework is proposed. The new algorithm uses the Rayleigh quotient accelerated power method to iteratively compute the
test statistic, which has a fast convergence rate in detecting high-dimensional signals compared with the classical power method,;
meanwhile, different from the classical look-up table method, a threshold calculation method based on the cubic spline interpolation
method is proposed, which can quickly determine the decision threshold corresponding to any given target false-alarm probability. The
proposed MED algorithm effectively improves the computational efficiency and reduces the complexity of algorithm implementation
while maintaining the detection performance of the original algorithm, which is particularly attractive for spectrum sensing problems in
high-dimensional conditions. Finally, the simulation results demonstrate the effectiveness of the proposed algorithm.
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spline interpolation; Numerical analysis theory
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Fig. 1 Comparison of the average number of iterations
between the power method and the proposed algorithm for
calculating the test statistic at different signal-to-noise ratios
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Fig. 2 Comparison between the cubic spline interpolation

curve and the real value curve
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Tab. 4 Rayleigh quotient accelerated power method for the average calculating errors in test statistics

Rayleigh i I vk WIL[15]
SNR(dB)
YRR EE TR R RRCE SR A SFEAR R R 2
-25 9.04140749 107 6.86593264 x107° 1.14257057 x107 8.66925326 x107°
24 5.96220584 x10°° 444538687 x107° 7.50841732 x107 5.58927309 x107°
23 1.64780127 x10° 1.19218659 x10° 2.86055692 107 2.07312910 x10°°
22 1.26564360 x10™* 8.70572479 x10° 3.27230497 <10 2.26659699 x10~
21 6.50209289 x1077 422209841 107 414575187 x10°® 2.74196493 x10°°
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Tab. 5 Cubic spline interpolation algorithm for the calculation errors in decision thresholds
Pea HSETRRE RV ¢ S IERFS Y RTE AN R 7
0.000033 1.35556080 1.35354631 2.01449063 <102 1.48609389 <1072
0.100384 1.30769278 1.30760347 8.93108786 x10°° 6.82965297 x10°°
0.200766 1.30115573 1.30113025 2.54867264 x10°° 1.95877601 x10°°
0.300111 1.29662198 1.29658528 3.66969188 x10° 2.83019411 x10°®°
0.400873 1.29293171 1.29282024 1.11471038 x10™* 8.62157196 x10°°
0.502724 1.28955775 1.28931222 2.45535377 x10™* 1.90402777 x10™*
0.601898 1.28618380 1.28600026 1.83530790 x10* 1.42694062 x10*
0.700602 1.28270440 1.28263594 6.84575319 x10°° 5.33696866 x10°
0.801087 1.27880326 1.27885707 5.38047745 x10°° 4.20743175 x10°°
0.901205 1.27353145 1.27340184 1.29618154 x10* 1.01778526 x10™*
0.999979 1.24485281 1.24539008 537271871 x10™* 4.31594696 x10™*
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Fig. 3 Comparison of the detection probabilities between the

classical MED algorithm and the proposed algorithm
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Fig. 4 Comparison of the actual false-alarm probabilities

between the classical MED algorithm and the proposed one
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