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Supplemental file: Validation of MSEmod method 

To validate whether the MSEmod method is applicable to short time series like the data used in 

our study, we used pink noise (Gaussian distributed 1/f noise to simulate healthy subjects) and white 

noise (to simulate AF patients) to run simulations:  

- Data: Gaussian distributed 1/f noise vs Gaussian distributed white noise; 

- Data length: N = 2000, 1000, 500, 300, 200, and 100; 

- MSEmod parameter settings: m=2, r=0.15; 

- Approach: We ran each data set 1000 times and calculated the mean entropy at each scale, 

the standard deviation of the mean, and the probability of measurement failure.  

MSE calculates sample entropy on different scales: In the process of SampEn calculations, 

errors may occur when there are not enough data points, leading to A=0 or A=B=0. When A=0, 

SampEn=Inf; When A=B=0, SampEn=NaN; these are not meaningful results. We calculate the 

probability of measurement failure as the probability of such events. 

We also used MSEmod to compare two signals and test whether the algorithm is stable 

enough to distinguish between pink and white noise as the data length is decreased. We have listed 

all the results here: 

Table 1(c) and 2(c) indicate that MSEmod is applicable to short data since the probability of 

measurement failure is very low for pink noise.  Table 3 indicates that MSEmod is sensitive enough 

to tell the difference between pink noise and white even when the data length is N=100. 

 



Results: 

Data: Gaussian distributed 1/f noise vs Gaussian distributed white noise 

Data length: N = 2000, 1000, 500, 300, 200, and 100 

MSEmod parameters setting: m=2, r =0.15 

Run 1000 times for mean, standard deviation and probability of measure failure. 

 

 

Table 1: Gaussian distributed 1/f noise 

 

Table 1(a) Mean 

Scale 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

N=2000 1.98 1.94 1.92 1.90 1.90 1.90 1.89 1.88 1.89 1.89 1.89 1.89 1.88 1.89 1.89 1.88 1.88 1.89 1.89 1.89 

N=1000 2.02 1.98 1.96 1.95 1.94 1.94 1.94 1.93 1.94 1.94 1.94 1.95 1.94 1.94 1.94 1.94 1.95 1.95 1.96 1.96 

N=500 2.07 2.03 2.01 2.00 2.00 1.99 2.00 1.98 2.00 2.02 2.03 2.03 2.03 2.04 2.05 2.05 2.07 2.09 2.10 2.11 

N=300 2.11 2.09 2.06 2.05 2.05 2.05 2.07 2.07 2.09 2.13 2.16 2.19 2.22 2.27 2.29 2.30 2.36 2.37 2.40 2.42 

N=200 2.16 2.14 2.12 2.11 2.12 2.13 2.18 2.19 2.25 2.32 2.38 2.38 2.40 2.39 2.43 2.44 2.42 2.37 2.38 2.35 

N=100 2.32 2.29 2.29 2.29 2.31 2.29 2.27 2.21 2.20 2.11 2.09 1.96 1.85 1.75 1.69 1.58 1.50 1.57 1.38 1.32 

 

Table 1(b) Standard deviation 

Scale 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

N=2000 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.11 0.11 0.11 0.11 

N=1000 0.10 0.10 0.10 0.11 0.11 0.11 0.12 0.13 0.14 0.14 0.14 0.15 0.15 0.15 0.16 0.17 0.18 0.19 0.20 0.21 

N=500 0.13 0.13 0.14 0.14 0.15 0.16 0.18 0.19 0.21 0.22 0.25 0.26 0.27 0.29 0.31 0.32 0.35 0.36 0.38 0.41 

N=300 0.18 0.17 0.18 0.19 0.20 0.23 0.26 0.30 0.32 0.36 0.42 0.50 0.55 0.62 0.67 0.68 0.78 0.76 0.84 0.91 

N=200 0.25 0.24 0.25 0.27 0.30 0.36 0.42 0.47 0.55 0.63 0.71 0.77 0.81 0.81 0.88 0.91 0.94 0.91 0.98 1.05 

N=100 0.50 0.48 0.53 0.56 0.60 0.62 0.66 0.68 0.73 0.77 0.82 0.82 0.85 0.87 0.97 0.99 1.04 1.07 0.99 1.01 

 



Table 1(c) Probability of measure failure 

Scale 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

N=2000 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

N=1000 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

N=500 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

N=300 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.9% 1.9% 2.5% 4.2% 5.3% 6.2% 

N=200 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.2% 0.1% 0.6% 1.9% 5.7% 7.8% 13.2% 16.7% 20.6% 26.6% 31.0% 34.9% 41.2% 

N=100 1.0% 1.8% 2.4% 3.2% 8.8% 13.2% 21.7% 31.1% 41.4% 53.1% 59.2% 64.5% 71.9% 77.2% 82.3% 85.0% 87.7% 90.0% 91.4% 93.4% 

 

Table 2: Gaussian distributed white noise 

 

Table 2(a) Mean  

Scale 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

N=2000 2.48 2.13 1.93 1.79 1.68 1.59 1.52 1.45 1.40 1.34 1.30 1.26 1.23 1.19 1.16 1.13 1.10 1.08 1.05 1.03 

N=1000 2.48 2.13 1.93 1.79 1.68 1.59 1.52 1.46 1.40 1.35 1.31 1.27 1.23 1.20 1.17 1.14 1.11 1.09 1.06 1.04 

N=500 2.49 2.13 1.93 1.80 1.68 1.60 1.53 1.46 1.41 1.36 1.32 1.28 1.25 1.21 1.18 1.15 1.13 1.10 1.08 1.06 

N=300 2.51 2.13 1.94 1.81 1.69 1.61 1.54 1.47 1.42 1.38 1.34 1.30 1.27 1.24 1.21 1.19 1.16 1.14 1.12 1.10 

N=200 2.55 2.14 1.95 1.82 1.71 1.63 1.56 1.50 1.45 1.41 1.37 1.34 1.31 1.29 1.28 1.26 1.24 1.22 1.21 1.22 

N=100 2.59 2.22 2.02 1.87 1.78 1.72 1.68 1.63 1.61 1.62 1.62 1.58 1.55 1.51 1.43 1.35 1.26 1.17 1.11 0.99 

 

Table 2(b) Standard deviation 

Scale 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

N=2000 0.03 0.03 0.03 0.03 0.03 0.04 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.06 0.06 0.06 0.06 

N=1000 0.06 0.04 0.04 0.04 0.05 0.06 0.06 0.06 0.07 0.07 0.07 0.07 0.07 0.08 0.08 0.08 0.09 0.09 0.09 0.09 

N=500 0.12 0.07 0.07 0.07 0.08 0.09 0.09 0.09 0.10 0.11 0.11 0.11 0.12 0.12 0.13 0.13 0.14 0.14 0.15 0.15 

N=300 0.20 0.12 0.11 0.10 0.11 0.12 0.13 0.13 0.15 0.15 0.16 0.17 0.18 0.19 0.20 0.21 0.22 0.23 0.24 0.25 

N=200 0.31 0.18 0.16 0.15 0.16 0.16 0.17 0.18 0.21 0.22 0.24 0.25 0.27 0.29 0.33 0.35 0.37 0.39 0.43 0.50 

N=100 0.52 0.42 0.36 0.31 0.35 0.37 0.41 0.45 0.53 0.62 0.70 0.72 0.77 0.85 0.88 0.90 0.95 0.96 0.97 0.93 



Table 2(c) Probability of measure failure 

Scale 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

N=2000 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

N=1000 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

N=500 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

N=300 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

N=200 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 

N=100 7.2% 0.8% 0.0% 0.1% 0.0% 0.2% 0.2% 0.2% 0.8% 1.8% 3.3% 6.5% 8.6% 13.4% 18.7% 25.0% 29.1% 33.5% 35.5% 39.5% 

 

Table 3. p value from t tests for comparing entropies for Gaussian distributed 1/f noise and entropies for Gaussian distributed white noise 

Scale 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

N=2000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

N=1000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

N=500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

N=300 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

N=200 0.00 0.86 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

N=100 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.02 0.01 

 


