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1 Background 
 Atrial fibrillation (AF) is the most common sustained 
cardiac arrhythmia affecting approximately 3 million 
Americans, and is a prognostic marker for stroke, heart failure 
and even death [1]. 12-lead electrocardiogram (ECG) is used 
to monitor normal sinus rhythm (NSR) and also detect AF. 
Although the persistent form of AF can be detected relatively 
easy, detecting paroxysmal AF is often a challenge since 
requiring continuous monitoring, which becomes expensive 
and cumbersome to collect lot of ECG data [1]. Several 
researchers have attempted to develop new methods to 
discriminate NSR and AF which are based on R-R interval 
analysis, linear methods, filtering, spectral analysis, statistical 
approaches such as entropy etc. which faces limitation of 
successfully detecting AF of all types with high sensitivity 
and specificity using short time ECG data [1-3]. The major 
issues with these approaches is that they often distort the ECG 
by several pre-processing steps with filters, do not provide 
reliable discrimination using short ECG time series data and 
many of them lack real-time capability that makes it difficult 
to trust the data for diagnosis and treatment. Both clinical and 
scientific communities recognize these difficulties and the 
necessity to develop novel methods that can enable accurate 
monitoring and detection of AF [2]. In addition, robust 
detection and classification algorithms are essential for 
delivering appropriate therapy for implantable cardioverter 
defibrillators (ICD) to provide lifesaving timely action  
      In this work, the authors propose and demonstrate the 
application of a multiscale frequency (MSF) approach [4] for 
accurate detection and discrimination between AF and NSR 
ECG traces taken from publically available Physionet 
database. The MSF approach takes into account the 
contribution from various frequencies in ECG and thus yield 
valuable information regarding the chaotic nature of AF. 
Therefore, we demonstrate that MSF can capture the 
complexity of AF which is associated with higher MSF value 
compared with NSR thus enabling robust discrimination e AF 
manifests itself with numerous chaotic frequencies within the 

body surface ECG,. We validate the feasibility of this 
technique to discriminate NSR from AF. 

2 Methods 
Multiscale frequency technique  
 
 Hilbert transform operation on real-valued signal in 
combination with band-pass quadrature filters can yield MSF 
information by weighting the various frequency components 
[4].  In this work eight Log-Gabor filters were designed and 
used with a relative filter bandwidth B of 2�¥2, and one octave 
apart. The center frequencies for the log-Gabor filters were 
chosen to span a physiological range for human heart rate.  A 
wide range of local MSF estimate can be obtained by 
weighted summation over the eight different filter pairs using 
the following equation 
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where �M�Ü is the output of the ith log-Gabor filter and �é�â is the 
center frequency of the first log-Gabor filter [4]. Figure 1 
shows the frequency response of the 8 Log-Gabor filters with 
varying bandwidths used in this work. Previously, the MSF 
approach was successfully applied to locate the pivot points 
of the rotors in animal hearts. [5].  
 

 
Fig 1: Frequency response of the Log-Gabor filters 
 
MIT-BIH Physionet/Physiobank ECG data                                                                  
 
     Publically available ECG traces of NSR (n=10) and AF 
(n=10)were taken from the MIT-BIH Physionet and 
Physiobank database [6]. Each trace was10 seconds long and 
was sampled at 250 Hz. The signals were not pre-processed 
for noise-removal etc. and MSF estimation was performed on 
the raw extracted dataset as described above to compare NSR 
and AF using custom MATLAB software. Statistical 
significance test was performed using Mann-Whitney test 
using OriginPro software (OriginLab Corporation, 
Northampton, Massachusetts).  

3 Results 
 Figures 2 and 3 show representative examples of an ECG 
with NSR (MSF = 37.24 Hz) and AF (MSF =53.06 Hz), 
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respectively, for 10 seconds and visual inspection of ECG 
illustrates the challenges of AF identification.   
 Figure 4 shows the boxplot of the MSF values for NSR 
and AF showing robust discrimination with statistical 
significance p = 0.00009 (p<0.01). The mean MSF for NSR 
was 34.68+/-1.48 Hz, and the mean MSF for AF was 70.02+/-
23.49 Hz.  
 

 
 

Figure 2: Representative example of a NSR ECG from the 
Physionet database with MSF = 37.24 Hz 

 
 

Figure 3: Representative example of an AF ECG from the 
Physionet database with MSF = 53.06 Hz 

4 Interpretation 
 We demonstrated a successful application of novel MSF 
approach for robust discrimination between NSR and AF. The 
chaotic nature of AF yields more frequency components 
compared to NSR, which are processed through the various 
weighted Log-Gabor filters, resulting in a higher MSF value 
for AF. It appears that a threshold MSF value of 40 can be 
effectively used to discriminate AF from NSR, which 
however needs to be further validated with more datasets.  
     This work demonstrates the efficacy of the MSF technique 
by accurate detection of AF using a short ECG time series 
data of only 10 s, without preprocessing, which often distorts 
the data, and without R-wave detection, which needs highly 
reliable methods. MSF technique therefore addresses several 

limitations of other existing techniques mainly by reducing 
the ECG recording time needed for MSF analysis for AF 
detection and can be successfully integrated into any existing 
ECG monitoring devices for real-time monitoring and 
detection.  
     The MSF technique provided a highly robust and reliable 
discrimination of NSR and AF with high clinical utility for 
real-time ECG monitoring for NSR and other arrhythmias.  
Incorporation of this technique in ICD may lead to adequate 
differential therapy in patients suffering from spontaneous 
episodes of AF and also other complex arrhythmias such as 
ventricular fibrillation (VF). Optimal thresholds for AF/VF 
detection can be obtained by analyzing several such datasets.  
 

 
 

Figure 4: Boxplot of MSF values for the NSR and AF 
datasets from Physionet database. MSF differentiates the 
two groups with statistical significance (p<0.01)  
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