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Abstract.  Heart diseases are amongst the most com-
mon causes of death in the industrialized world. Since 
the cardiological system is very complex and hard to 
capture in its entirety, researchers are looking for indica-
tors of its health. A promising one is the heart rate varia-
bility (HRV), i.e., the variation of the time intervals be-
tween two heartbeats. It reflects physiological processes, 
which influence the rhythm of the heart. An approach by 
researchers is a visualization tool, the Poincaré plot, to 
analyse HRV. Numerous data models exist in order to 
automatically quantify Poincaré plots. 
To extract as much information as possible from Poinca-
ré plots, it has to be filtered from artefacts and outliers 
before applying the data models.  
The goal of this work is to test the influence of two dif-
ferent filtering methods on the Poincaré plot quantifica-
tion methods. 
A test case was constructed were a database with 
healthy heart rates and one with pathological heart rates 
were filtered with the two methods. Thereafter two Poin-
caré plot measures were evaluated using the filtered 
data sets. Afterwards the differences between these data 
sets were statistically examined. 
It can be concluded that the fully automated filtering via 
clustering shows no large drawbacks compared to the 
traditional method of ECG annotation based filtering for 
HRV-analysis via Poincaré plots. 

Introduction 
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Figure 1: An ECG signal of two heart beats and the 
corresponding RR-interval. 

1 Methods & Models 

1.1 Poincaré plot 

1.2 Filtering via cluster algorithms 

Figure 2: Unfiltered Poincare plot of a non-pathological  
2 hour-long heart rate recording. 
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MinPts

• Core points: MinPts

• Density reachable points:
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function=DBSCAN(D,  , MinPts) 
for (all unvisited points P in dataset D) 

mark P as visited 
N=getNeighboringPoints(P, ) 
if(sizeof(N) < MinPts) 
  mark P as noise 
else 
  C = next cluster 
  add P to cluster C 
  for (P' in N) 
    if(P' is not a member of any cluster) 
      recursiveExpandCluster(P',C,  , 
MinPts) 
    end 
  end 
 end 

end 
end 
 
function=recursiveExpandCluster(P,C,  

,MinPts) 
  add P to cluster C 
  if(P is not visited) 
    mark P as visited 
    N = getNeighbors(P, ) 
    if(sizeof(N) >= MinPts) 
      for{ P' in N} 
        if(P' is not member of any cluster) 

       recursiveExpandClus-
ter(P',C, ,MinPts) 

     end 
      end 
    end 
  end 
end 

 

r

assign first data point to first cluster 
for (all other points of D) 

  calculate   

  if( ) 
    assign current point to a new cluster 
  else 
    assign current point to cluster 

of ,  

    where  

  end 
end 
 

ε
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1.3 Deleting points of a Poincaré plot 

Figure 3: Deletion of the incorrect RR-interval "d" (Dele-
tion I) and the corresponding counterparts "c" 
in  and "e" in   (Deletion II). 

1.4 Poincaré plot measures 

Ellipse Fitting Method.

SD2

SD1

SD1 SD2

 
Figure 4: The ellipse fitting method to measure  

Poincaré plots. 

Longitudinal-Transversal Measure. 

Figure 5: Longitudinal (L) and transversal (T)  
measurements of a Poincaré plot. 

2 Data and Tests 
2.1 Data 

Normal Sinus Rhythm 
RR Interval Database 

Massachusetts 
Institute of Technology (MIT) - Boston's Beth Israel 
Hospital (BIH) Arrhythmia Database 
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2.2 Test procedure 

3 Results 

 Annotation Filtering Cluster Filtering 

SD1 0.8789 <0.01** 

SD2 0.0149* 0.0564 

SD1/SD2 0.0288* <0.01** 

L 0.0187 * 0. 1290 

T 0. 5953 0. 1962 

L/T 0. 3210 <0.01** 

Table 1: The p-values of differences between  
pathological and non-pathological data sets of  
different Poincaré plot measures, either filtered 
via clustering or via annotations. 

SD2 SD1/SD2

L

SD1
SD1/SD2

 L/T

Table 2. Parameters of distributions (median, 2.5th and 97.5th 
percentile) of data filtered via annotations. 

Table 3. Parameters of distributions (median, 2.5th and 97.5th 
percentile) of data filtered via clustering. 

 
Non-Pathological 

Data 
Pathological Data 

SD1 0.0288, (0.0113, 
1.6299) 

0.0290,  (0.0113, 
0.2172) 

SD2 0.0865, (0.0236, 
1.5946) 

0.0589, (0.0204, 
0.3944) 

SD1/SD2 0.3554, (0.1358, 
1.2175) 

0.5618, (0.1696, 
1.5005) 

L 0.6933, (0.1991   
32.8089) 

0.5003, (0.2609, 
1.7208) 

T 0.5359, (0.0710, 
64.5699) 

0.4639, (0.1034    
2.2881) 

L/T 1.2444, (0.5082, 
4.7220) 

0.9605, (0.6488, 
3.5580) 

 
Non-Pathological 

Data 
Pathological Data 

SD1 0.0184, (0.0078, 
0.1313) 

0.0249, (0.0113, 
0.1729) 

SD2 0.0743, (0.0230, 
0.1856) 

0.0544, (0.0188, 
0.1592) 

SD1/SD2 0.2527, (0.1089, 
0.8478) 

0.5354, (0.1925, 
1.6819) 

L 0.4558, (0.1428, 
1.0422) 

0.3564, (0.1319, 
0.9899) 

T 0.1933, (0.0599, 
0.7737) 

0.2157, (0.0661, 
0.9868) 

L/T 2.0893    (1.2270, 
4.7136) 

1.3403, (0.6908, 
3.1703) 
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4 Discussion 

SD1 SD2
L T

5 Conclusion 
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