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Low Complexity MED Algorithm Based on Numerical Analysis Theories
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Abstract: The classical Maximum Eigenvalue Detection (MED) algorithm has an excellent performance in de-
tecting correlated signals. However, with the increasing signal dimensionality, the MED algorithm faces serious prob-
lems in the calculation efficiency and implementation of the test statistic and decision threshold, which greatly limits
the further application of the algorithm in modern 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, the new threshold calculation method based on the cubic spline in-
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terpolation 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.

Key words: high dimensional spectrum sensing; maximum eigenvalue detection; Rayleigh quotient accelera-

tion; cubic spline interpolation ;numerical analysis theory
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Tab. 4 Rayleigh quotient accelerated power method for the average calculating errors in test statistics

Rayleigh 7 il 7k mWik15]

SNR(dB) — — —

SR X2 SRR 22 SR N SERRR X 2
-25 9.041 407 49x1073 6.865 932 64x1073 1.142 570 57x1072 8.669 253 26x107°
-24 5.962 205 84x1073 4.445 386 87x107° 7.508 417 32x1073 5.589 273 09x1073
-23 1.647 801 27x107° 1.192 186 59x107° 2.860 556 92x107* 2.073 129 10x1073
-22 1.265 643 60x107* 8.705 724 79x107° 3.272 304 97x107* 2.266 596 99x107*
-21 6.502 092 89x1077 4.222 098 41x1077 4.145 751 87x107° 2.741 964 93x107°
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Tab. 5 Cubic spline interpolation algorithm for the calculation errors in decision thresholds

Py, FLS R E RN S HIERES Yo f iR 7E iEROREE S
0.000 033 1.355 560 80 1.353 546 31 2.014 490 63x107 1.486 093 89x107°
0.100 384 1.307 69278 1.307 603 47 8.931 087 86x107° 6.829 652 97x107
0.200 766 1.301 15573 1.301 130 25 2.548 672 64x107° 1.958 776 01x107°
0.300 111 1.296 621 98 1.296 585 28 3.669 691 88x107° 2.830 194 11x107°
0.400 873 1.292 93171 1.292 820 24 1.114 710 38x107* 8.621 571 96x107°
0.502 724 1.289 55775 1.28931222 2455353 77x107* 1.904 027 77x107*
0.601 898 1.286 183 80 1.286 000 26 1.835 307 90x10™* 1.426 940 62x107*
0.700 602 1.282 704 40 1.282 63594 6.845 753 19x107° 5.336 968 66x107°
0.801 087 1.278 803 26 1.278 857 07 5.380 477 45%10°7° 4.207 431 75%107
0.901 205 1.273 531 45 1.273 401 84 1.296 181 54x107* 1.017 785 26x10™*
0.999 979 1.244 852 81 1.245 390 08 5.372 718 71x107* 4.315946 96x10™*
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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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Fig. 5 ROC curves of the proposed algorithm

when the signal-to—noise ratio changes
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when the number of antennas changes
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