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Comparison of different signal frequency estimation methods in time-domain

LI Wen-zhe', HE Meng®, XU Li', YUAN Fang', ZHANG Bao-hang'
1. Department of Radiotherapy, Urumgqi General Hospital of Lanzhou Military Command, Chinese People's Liberation Army, Urumqi
830000, China; 2. Urumgqi Frontier Inspection Station, Xinjiang Armed Police Frontier Corps, Urumqi 830000, China

Abstract: Objective To provide some references for signal processing method for vital signs monitoring by comparing the
simulation and experimental results of different method for noisy respiratory signal frequency estimation in time-domain.
Methods Respiratory signals of 0.3 Hz were mixed with different additive white Gaussian noise. Based on the software
MATLAB, the autocorrelation, average magnitude difference function (AMDF), weight algorithm and low complexity
maximum likelihood (LCML) were used to simulate the frequency estimation of the respiratory signals. And the algorithm
performances were evaluated by analyzing the adults' respiratory signals obtained by multipurpose polygraph. Results The
difference between the estimation result of autocorrelation and the actual frequency of simulation signals was largest, higher
than 0.306 Hz. Both the results of AMDF and LCML were close to 0.3 Hz, but the latter had smaller standard deviation and
better accuracy of estimated results. For the frequency estimation results of respiratory signal, the estimation results of
different algorithms were similar to the simulation results. The LCML had the most satisfactory algorithm performance, but
its error of frequency estimation results of actual respiratory signal was larger than the error of simulation results.
Conclusion LCML has some certain advantages in signal frequency estimation in time-domain.

Key words: respiratory signal; frequency estimation; average magnitude difference function; low complexity maximum
likelihood
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Tab.1 Frequency simulation results of respiratory signal with

different noises (Frequency/Hz)

SNR /dB ACF AMDF Weight* LCML
1 0.304 9 0.2979 0.299 9 0.299 7
2 0.302 6 0.300 3 0.301 8 0.299 5
3 0.3015 0.2972 0.300 7 0.299 4
4 0.306 1 0.301 1 0.304 0 0.299 7
5 0.302 9 0.299 8 0.301 4 0.299 8
6 0.301 1 0.300 3 0.300 6 0.300 0
7 0.304 3 0.299 9 0.303 1 0.300 0
8 0.303 5 0.302 1 0.303 2 0.300 0
9 0.304 0 0.300 9 0.302 8 0.300 0
10 0.302 3 0.300 6 0.300 6 0.300 0

Note: ACF: Autocorrelation function; AMDF: Average magnitude
difference function; Weight*: Weight algorithm; LCML: Low

complexity maximum likelihood; SNR: Signal-noise ratio
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Tab.2 Frequency simulation results of respiratory signals of
different adults (Frequency/Hz)

NO. Gender MPIS0  ACF AMDF  Weight LCML

1 M 0.2639  0.2756  0.2714  0.2684  0.2536
2 M 0.4167  0.4267 0.4208 0.4197  0.4098
3 M 0.1648  0.1552  0.1758  0.1727  0.1641
4 F 0.3295 0.3438 0.3342 03217  0.3286
5 F 0.1498  0.1639  0.1312  0.1385  0.1527
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