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Comparison of different signal frequency estimation methods in time-domain
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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.

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. 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.

LCML has some certain advantages in signal frequency estimation in time-domain.

respiratory signal; frequency estimation; average magnitude difference function; low complexity maximum

likelihood

1-2

3

2015-10-02

1984-

Tel 0991-4991842 E-mail-

wenzhel@163.com

DOI:10.3969/j.issn.1005-202X.2016.02.016

33 2

2016 2 Chinese Journal of Medical Physics

Vol. 33 No.2

February 2016



-

4

5

6

1

1.1

(Average Magnitude Differ-

ence Function, AMDF) Ross 7 1974

AMDF

1

K n -(K-1) (K-1)

2

2 1

(2) (1)

3

n

n

x(k) x(k-n)

n n

n n (3)

4

Autocorrelation Function, ACF

5

(4) -Rn

n=0

6

(4)

7

n Dn

8

nmax nmin

1.2

(Weight Algorithm)

AMDF 8 AMDF

AMDF

ACF

9

P lp (l

)

ACF

ACF

10

R1 R3 ACF R2

R2 R3=0

=2p =p

AMDF

11

0 Dn=0 (11)

33



12

1.3

1.3.1 (Maximum

Likelihood, ML)
9

ML

N

,

N

P

13

X

14

15

k=0,1, , P-1

P

N

P ML

(Probability

Density Function, PDF) ML

(16)

ML

(17)

PDF

(18)

ML

1.3.2 ML

(Low Complexity Maximum Likeli-

hood, LCML ) 9

19

a N

P

20

LCML 20

20

LCML

21

P LCML ML

ML

2

MATLAB

0.3 Hz

Signal-Noise Ra-

tio, SNR (Additive White Gauss-

ian Noise AWGN)

SNR 1

4 1

SNR

ACF

0.3 Hz

2



0.3 Hz

0.306 Hz LCML

0.3 Hz

1

LCML

AMDF

2

4

AMDF LCML

LCML

0.3% 3

2%

3

Biopac

(MP150 ) 3

TSD201

MP150

MP150

5 (3 2 )

2 4

LCML

ACF 4 LCML

0.3%

SNR /dB

1

2

3

4

5

6

7

8

9

10

ACF

0.304 9

0.302 6

0.301 5

0.306 1

0.302 9

0.301 1

0.304 3

0.303 5

0.304 0

0.302 3

AMDF

0.297 9

0.300 3

0.297 2

0.301 1

0.299 8

0.300 3

0.299 9

0.302 1

0.300 9

0.300 6

Weight*

0.299 9

0.301 8

0.300 7

0.304 0

0.301 4

0.300 6

0.303 1

0.303 2

0.302 8

0.300 6

LCML

0.299 7

0.299 5

0.299 4

0.299 7

0.299 8

0.300 0

0.300 0

0.300 0

0.300 0

0.300 0

Note: ACF: Autocorrelation function; AMDF: Average magnitude

difference function; Weight*: Weight algorithm; LCML: Low

complexity maximum likelihood; SNR: Signal-noise ratio

33



10%

10

4

MATLAB

LCML

LCML

AMDF

ML

ML

ML PDF

LC-

ML LCML

1 . M . 2 . : , 2002.

ZHANG X D. Modern signal processing M . 2nd ed. Beijing:

Tsinghua University Press, 2002.

2 Lü H, LI W Z, LI Z, et al. Characterization and identification of IR-

UWB respiratory- motion response of trapped victims J . IEEE

Trans Geosci Remote Sens, 2014, 52(11): 7195-7204.

3 LI W Z, LI Z, Lü H, et al. A new method for non-line-of-sight vital

sign monitoring based on developed adaptive line enhancer using

low centre frequency UWB radar J . Prog Electromag Res, 2013,

133: 535-554.

4 LI Z, JING XJ, LI WZ, et al. A wavelet-based strong clutter removal

technique for UWB life detection C // Ground Penetrating Radar

(GPR), 2012 14th International Conference on. IEEE, 2012: 957-

960.

5 , , . Hilbert-Huang J

, 2014, 28(8): 812-818.

MIAO S, WANG W L, YAO S W. Historic development of HTT and

its applications J . Journal of Electronic Measurement and

Instrument, 2014, 28(8): 812-818.

6 LI W, JING X, LI Z, et al. A new algorithm for through wall human

respiration monioring using GPR C // Ground Penetrating Radar

(GPR), 2012 14th International Conference on. IEEE, 2012: 947-

952.

7 ROSS M, SHAFFER H, COHEN A, et al. Average magnitude

difference function pitch extractor J . Acoustics, IEEE Trans

Signal Proces, 1974, 22(5): 353-362.

8 KOBAYASHI H, SHIMAMURA T. A weighted autocorrelation

method for pitch extraction of noisy speech: Acoustics, Speech, and

Signal Processing, 2000 C . ICASSP'00. Proceedings. 2000 IEEE

International Conference on, 2000. IEEE.

9 CONTE E, FILIPPI A, TOMASIN S. ML period estimation with

application to vital sign monitoring J . IEEE Signal Proc Lett,

2010, 17(11): 905-908.

10 HALL J E, GUYTON A C. Textbook of medical physiology M .

New York: Saunders, 2010.

NO.

1

2

3

4

5

Gender

M

M

M

F

F

MP150

0.2639

0.4167

0.1648

0.3295

0.1498

ACF

0.2756

0.4267

0.1552

0.3438

0.1639

AMDF

0.2714

0.4208

0.1758

0.3342

0.1312

Weight
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