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for Frequency Estimation of Sinusoid Signal
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(College of Information Science and Technology, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: A frequency offset correcting algorithm is presented for frequency estimation of sinusoid signal, and a fast
and accurate recursive algorithm for frequency estimation of sinusoid signal is investigated by associating the
advantage of high accuracy of the M-Rife algorithm and the advantage of small computational load of the
frequency offset correcting algorithm. Firstly, an initial estimation is obtained by the M-Rife algorithm for a
truncated signal series which has a few points. Next, with the initial estimation result, a more accurate estimation
is obtained by the frequency offset correcting algorithm for a longer truncated signal series. And then, deduce the
rest by analogy. Finally, the ultimate estimation is obtained by the M-Rife algorithm for the entire signal series.
The computational complexity of the recursive algorithm is lower than that of an FFT operation when the signal
series is long. Simulation results show that the performance of this algorithm is stable, and the estimation variance
is nearly the same as the M-Rife algorithm, approaching to CRLB(Cramer-Rao Lower Bound). The algorithm is
convenient for realizing real-time frequency estimation accurately.
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Q/L 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

SNR=6dB 14.23 12.03 11.14 10.77 10.70 10.76 11.15 12.08 14.25

SNR=0dB 30.72 24.22 23.77 23.49 23.13 23.61 23.89 24.95 28.49

%2 FURIREE LRI AE(SNR=6dB, CRLB=9.54kHz)

BeAlivh 4% (MHz) RMSE(kHz) MAE(kHz) BAlivh 44 (MHz) RMSE(kHz) MAE (kHz)
50.0000 10.8534 8.7262 50.2344 12.5071 10.0321
50.0391 10.8605 8.6961 50.2734 13.2607 10.6648
50.0781 10.9633 8.7474 50.3125 14.2204 11.4845
50.1172 11.1678 8.8974 50.3516 15.4372 12.5266
50.1563 11.4832 9.1531 50.3906 16.7136 13.4678
50.1953 11.9234 9.5265
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6 HRIE

IR ST I ot I 5% 38 45 5 AU A v (4 PR 3 v G R 0
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L FFT i85 L
N, =128 N, =164 N, =32 N, =16
256 1152 1515 1195 1051 987
512 2560 2453 2133 1989 1925
1024 5632 4331 4011 3867 3803
2048 12288 8085 7765 7621 7557
% 4 B LEEE 1(SNR=3dB)
UALEIES M-Rife 5% HHESE HIh v Y A G A
(MHz) RMSE MAE RMSE MAE RMSE MAE RMSE MAE RMSE MAE
50.0 5.095 4.165 5.133 4.179 116.535 95.006 44.909 35.840 15.860 12.701
52.08 5.240 4.212 5.337 4.251 110.856 88.260 44.706 35.468 15.694 12.687
54.17 5.374 4.285 5.355 4.297 115.460 89.262 44.984 36.269 15.996 12.603
56.25 5.021 4.008 5.084 4.023 108.685 87.104 43.383 33.805 16.110 12.976
SFEME 5.182 4.168 5.227 4.187 112.884 89.908 44.495 35.346 15.915 12.742
CRLB 4.7645kHz 107.8092kHz 38.1163 kHz 13.4761kHz
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% 5 BLERE 2(SNR=0dB)
— M-Rife 5733 A B ey Y — Yo
(MHz) RMSE MAE RMSE MAE RMSE MAE RMSE MAE RMSE MAE
50.0 2.550 2.037 2.522 1.997 59.360 47.809 21.819 17.385 8.026 6.352
52.08 2.518 2.046 2.617 2.114 54.723 43.758 21.698 17.163 7.757 6.162
54.17 2.588 2.093 2.650 2.118 57.568 44.693 22.032 17.468 7.647 6.036
56.25 2.597 2.097 2.602 2.090 54.325 42.987 22.423 18.006 7.739 6.162
“ERIME 2.563 2.068 2.598 2.080 56.494 44.812 21.993 17.505 7.792 6.178
CRLB 2.3794 kHz 53.8407 kHz 19.0356 kHz 6.7301 kHz
72% % i E&'ﬁk [5]  Rife D C. Digital tone parameter estimation in the presence
. . of Gaussian noise [D]. New York: Polytech. Inst. Brooklyn.
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