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Abstract: ECG, a kind of identity information in human identification, can be easily affected by
detector’s movement and the change of mood. Traditional ECG feature extraction methods require a
lot of calculation which increases the computation time in the process of identification. In this paper,
we mainly discuss how to seize the main, easy to extract and stable ECG feature, to complete the
identification successfully and quickly. And we propose a method of feature extraction that as for
intervals, we only choose QRS interval which always maintain the same. Experiments show that the
identification speed has been improved when the accuracy of recognition has been little affected.

1 Introduction

Human identification based on ECG is an emerging area in biometric recognition.
Electrocardiogram is the biological potential produced by human heart beat and the waveform
change exist a strong regularity. What’s more, it varies from people to people and different person’s
ECG waveforms are different. ECG signal meets the universality, stability, living and individual
differences of biometric identification. Therefore, it has the feasibility to be used as a biometric
identification feature.
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Figure.1. ECG waveform
ECG signal is composed by P wave, P-R segment, P-R interval; QRS complex, ST segment, T
wave ,Q-T interval and U wave, as shown in Figure 1.There are differences on age, sex, health
status, heart function between different individuals and the characteristics of ECG will be different
correspondingly. Correctly extract these feature points can provide accurate basis for the final ECG
identification classifier. Therefore, after accurate position each waveform, to seize the substantive
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characteristics of the signal, we need extract and select the signal features.

The key research aim of ECG identification is feature selection and feature extraction which
can influence the accuracy and speed of identification directly. So far, researchers at home and
abroad have done a lot of research work on feature selection and achieved some stage research
achievements.

For instance, Literature 2 extracts a total of 30 characteristics (interval, slope and amplitude)
from 12 lead ECG signals of 20 healthy people and uses principal component analysis (PCA) to
remove redundant features, selecting 10 characteristics which contribute more to classify, and at last
the accurate rate reaches 100%. Israel selects 15 interval features of 29 individuals such as the
width of P wave, PQ interval and so on, and using LDA achieved 81% heart beat recognition
accuracy rate and 100% identification accuracy rate. Literature 4 uses the differential threshold
method to extract feature points of P wave, QRS wave and T wave of 10 individuals, selects
pairwise combinations of 8 amplitude and interval features and achieves 60% and 100%
identification accuracy rate. Literature 5 uses feature vector composed by 15 width and interval
features and 6 amplitudes features and finally achieves 100% identification accuracy rate among 29
individuals. Literature 6 extracts 13 interval features, 4 amplitude features and 3 angle features and
the highest accuracy rate reaches 99% among 25 individuals. Literature 7 selected 19 feature
vectors and analyzed by kernel principal component analysis. The first 10 components was used for
classification and reached the highest identification rate which was 98.7342%.Literature 8 extracts
10 features including slope, harmonic number, trough number, amplitude difference, the phrase
peaks and troughs corresponding frequency value, energy ratio and maximum energy of frequency,
and analyze by PCA. Finally, 8 features are selected as the features of identification.

Although a lot of ECG identification researches view feature selection and feature recognition
as the key point, the number and content of selected features are very different and there is no
consensus on it. In this paper, in the process of the extraction of feature points, we extract the main,
easy to extract and stable features under circumstance that there is little impact on the accuracy rate
of identification, and then use the corresponding analysis algorithm to acquire calculation result
quickly.

2 Proposed Method

2.1 Extraction of feature points

Traditionally, signal feature extraction mainly extract features such as QRS wave, P wave, T
wave, P-P interval, R-R interval, Q-T interval, T-P interval and so on. The calculation is very large
in the process of feature extraction and identification. Therefore, to seize the main, easy to extract
and stable features is the key to complete the identification successfully and quickly.

LiYanju tests several healthy male’s ECG under four status of sleep, peace, mental and
exercise load. The result shows that with the increase of exercise load, T-P interval changes the most
which significantly reduced while P-R interval remain unchanged. SunSuzhen selects participants
with stable ECG signal from 30 rowing athletes and tests signal data before exercise, exercise,
exhausted and after recovery. The result shows that P-R interval changes slightly while QRS
interval is not significant changed and Q-T interval is shorted slightly. Due to the interval features
can be easily affected by the change of heart rate and the cardiac cycle will also change after
exercise or emotional stress. Therefore, too many interval features that are used in identification
will influence the recognition rate.

According to the identification and analysis of 30000 P waves, QRS waves and T waves from
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12 Lead ECG of 2500 individuals, Li Shifeng concludes that P wave and T wave are both single
wave shape and low waveform. Some even too flat to see clearly and they are easy to be influenced
by many factors. Therefore, the P wave and T wave have large degree of variation and not suitable
for identification .However, QRS integrated waves are mainly simple wave. In 30000 waves, the
number of simple waves is 29347, accounting for 97.8%, while only 653 waves are complex wave,
accounting for 2.2%. What’s more, QRS waveform is higher than P wave and T wave. In summary,
QRS wave has many advantages when used in identification such as few influence factors, small
waveform change, and small variation, easy to identify .So it’s very suitable for fast identification
on computer. To select features not affected by heart rate and avoid the adverse effect to
identification caused by heart rate change, this paper first give up the P-P interval, Q-T interval and
T-P interval characteristics which are easily disturbed by heartbeat frequency, and we only choose
QRS interval which always maintain the same. Specifically, the features mainly include the
amplitude of R wave, amplitude of Q wave, amplitude of S wave and QRS interval.

2.2 Method of feature extraction

It is only possible to calculate heart rate, heart rate variability and analyze other details of ECG
after determining QRS wave group. So the accurate extraction of the characteristic information of
QRS wave group is the basis of the analysis of ECG. As the calculation and analysis of ECG and the
detection of P wave and T wave are based on the localization of QRS wave group (especially R
wave), so the extraction of ECG begins at QRS wave group.

In this paper, we first use the method of wavelet transform and decompose the signal by
multi-scale wavelet transform, and then extract the feature point of QRS wave. Finally, extract the
feature point of P wave and T wave based on the peak of R wave.

The amplitude of R wave has the greatest value in ECG signal and the peak of R wave is the
maximum. If we connect it with the adjacent maxima, there will be a large slope and the feature is
the most obvious. The detection and location of R wave is the primary problem in detection. Firstly,
find out all maxima; then, calculate the slope between each maximum value and the maxima of both
sides; select threshold to determine R peak; finally, adjust R peak based on the range of heart rate.
Normal adult human heartbeat is about 75 beats per minute. The experiment has proved that 800ms
data length includes P wave and T wave and can keep most of the information of heartbeat
waveform. Therefore, after detecting R peak, take R as the center point and intercept ECG data with
800 time length and then we get a set of complete ECG. Moreover, a time window is so narrow that
baseline drift does not cause a large disturbance to the waveform during this period. During this
short time interval, there will be only one peak at most. The maximum value during this time
interval is the value of R peak. And then find the minimum point at both sides of R wave in a
certain range as Q wave and S wave. Using the same method to locate the second wave peak and we
can get a cardiac cycle time which is equal to the interval between two peaks. Using cardiac cycle
time as time window and using the previous amplitude as the threshold to find the next maximum
point.

3 Experimental Results

In this paper, we take 10 samples from MIT-BIH as experiment data and select QRS feature
vector in classification. Experiment results show that, by using this method, the workload of data
calculation has been reduced greatly and the speed of identification has been improved obviously,
and the accuracy rate can reach 90%.
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4 Conclusion

As a kind of common people’s identification method rather than the detection of heart disease,
this feature extraction method can help to get the result successfully and quickly.
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