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Abstract 

The paper proposed a human identification strategy based on ECG 
(electrocardiogram) frequency domain features. Fourier transform was used on 
ECG signal to get frequency domain features. The features contained 
frequency-domain signal slope, harmonic number, the magnitude gap, ratio of 
different frequency energy to total energy. Classifiers of correlation analysis and 
neural network were used in identification, and the accuracy of neural network 
reached 96.4%. 
Keywords: amplitude frequency characteristics; energy spectrum; the neural 
network 

1 Introduction 

As important biomedical signals, ECG signal reflects the heart and the 
nature of life activities. ECG signal not only can be used in clinical diagnosis, 
but also can be applied to identify the characteristics of the identity. Simon 
explained the advantage of ECG which is used to the identification[1],for 
example,（1）The ECG signal is universal and easy to acquire;（2）The ECG signal 
has the long-term stability;（3）The ECG signal are different: because of the 
location、size and anatomical structures of different people's heart, ECG signals 
are different from person to person;（4）ECG signal is not easy to be counterfeit: 
Although ECG signal has a long-term stability, it changes with the change of 
physical condition, age and body weight and so on. When the ECG signal 
changes, template can be updated cumulatively and becomes a kind of dynamic 
templates.  
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Figure 1 ECG signal waveform in time 
domain 

Figure 2 A single cycle of ECG 
signal amplitude spectrum 

For a long time, the method of identity of the ECG signal was widely 
concerned. Biel proved 
the feasibility of identification using ECG signals for the first time [2]. Human 
identification by Electrocardiography time features such as amplitude of R 
wave、amplitude of T wave、QRS interphase、QT interphase and so on[3], as 
shown in figure 1, But the time domain waveform characteristics are more easily 
affected by the change of heart rate and depends on the automatic identification 
accuracy of ECG signal in time domain. 

In recent years, there are many persons researching methods of the feature 
extraction which is not depend on reference point [4-9]; This Method is put 
forward in 2004 at the earliest. For example, Plataniotis used the method of 
AC/DCT, ECG signals after the pretreatment are cut into different windows, the 
data of every window is used to correlate analysis, DCT is used to Dimension 
reduction and won the recognition rate of 92.8% [10]. In 2008, Chan proposed a 
method based on wavelet transform for feature extraction, extracting wavelet 
coefficient as Characteristics of identity recognition and won the recognition rate 
of 100% for normal person and 81% for patients with arrhythmia [11]. 

Fourier transform was used on RR interphase of ECG signal to get 
frequency domain features. The features contained frequency-domain signal 
slope, harmonic number, the magnitude gap, ratio of different frequency energy 
to total energy. Respectively using the correlation coefficient and the neural 
network to identify characteristics and reached a better recognition rate. 

2 Feature extraction on ECG signal in frequency domain  

The Fourier transform of ECG signal 
The paper takes the RR interphase as a single cycle of ECG signals with X 

(t), As shown in figure 1. Spectrum density function of X (jw) is the Fourier 
transform of X(t), such as Eq.1. Amplitude spectrum represented by |X(jw)|, such 
as Eq. 2. Amplitude spectrum said the relationship between frequency and 
amplitude is shown in figure 2: 

( )ωjX ( ) dtetf tjω−∞

∞−∫= ( ) ( )ωω jX+= R    (1) 

500



 

( ) ( ) ( )22X ωωω XRj +=  (2) 
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Figure 3 amplitude spectrum of ECG 

signal from 1Hz to 10Hz 
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Figure 4 energy spectrum of ECG 

signal from 0Hz to 50Hz
(1) The a-b slope:“a” is the first point of the ECG signal. kA is the slope of 

“a” to the next point, Such as Eq.3: 

)()( anextanextA xxyyk −−=  (3) 

recording slope of the second point to the third point、the third point to the fourth 
point and so on. If the slope is not equal to kA, then stop, such as “b”, is shown in 
figure 3. Assuming that the coordinate of point a and b are (xa, ya) and (xb, yb), k 
is used to represent the slope of point a to b. Such as Eq.4: 

)()( abab xxyyk −−=  (4) 
(2) The number of harmonic: The number of peaks between point b and 20 

Hz and then location of the peaks is found. 
(3) The b-c slope: Recording the location of peaks and trough between point 

b and 20 Hz and “c” is the amplitude of the smallest number in the recording. 
(4)The magnitude gap: Data in the recording is sorted in descending. 

Amplitude difference of the first and the second point, the second and the third 
point are got and so on, adding up the amplitude difference. 

(5) The g-h slope: As figure 3 shows “g” is the amplitude of 20Hz and “h” 
is the amplitude of 40Hz and then the slope of “g” to “h” is got, such as Eq.4. 

(6) Ratio of energy of 0Hz to 5Hz to total energy: “E” is total energy of 
ECG signal such as Eq.5. “RL” is ratio of energy of 0Hz to 5Hz to total energy 
such as Eq.6. 
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(7) Location of maximum energy: Maximum energy between 5Hz and 50Hz 
is got, is shown in figure 4. “a” is the maximum energy. 

(8) Ratio of energy of more than 100Hz to total energy. 
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3 Experimental data 

Data in this paper is about 5 people from MIT database and 10 people from 
PTB database, each data contains 100 RR intervals for feature extraction in 
frequency domain, namely there are 100 feature vectors, with a total number of 
1500. Taking 70 data to build a template, namely a total of 1050 data . 30 data is 
used as test data, namely a database whose total of 450. Using correlation 
coefficient and neural network to classify respectively . 

4 Identify 

Template library: xn denotes the n-th feature data, Xij denotes the j-th 
feature vector of the i-th person, shown in Eq.7. Template vector is denoted by 
matrix Mi, totally 15 templates, shown in Eq.8. 

][ n21 xxxX ji =  (7) 

( )Tiijiii XXXX 7021M = ,i=15;j=70;n=8  (8) 

5 Correlation coefficient 

The 20 feature vector is randomly selected from 100 feature vectors for 
each people, denoted as Yiz, namely the z-th feature vector of i-th person. 
Calculate the correlation coefficient of the 70 feature vectors of the template 
database with the 20 feature vector. We can got 1400 coefficient, then calculate 
its average, use the number as the coefficient of the template. Show in Eq.9. 

( )
( ) ( )izij

izij
j YDXD

YXCov ,
=ρ  j=1,2,3,……,70;z=1,2,3,……,20 

(9) 

D(Xij) is variance of Xij, Cov(Xij, Yiz) is covariance between Xij and Yiz. The 
mean of coefficient is shown in Eq.10: 

1400N
1

mean ==∑
=

N
N

j
jρρ   (10) 

Steps to identify 
(1)The correlation coefficient of the template is got and sorted. Sort the 

correlation  
Coefficient got from Eq.9 in descending order, is shown in table 1: 

Table 1 the correlation coefficient about 10 templates 

template correlation 
coefficient template correlation 

coefficient 
78 0.677260 122 0.910050 
17 0.697759 39 0.916520 
202 0.76333 101 0.937656 
20 0.794164 103 0.966630 
28 0.819957 43 0.987152 
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45 0.850485 57 0.998166 
27 0.873535 21 0.999889 
123 0.902674   

(2) Calculate the correlation coefficient of test group and template group. 
There are 450 data from test group, calculating correlation coefficient 

between each data and the 70 data of the template group, then calculating the 
average of 70 correlation coefficient, as the coefficient of the test group with the 
template. So every test data gets 15 correlation coefficient. 

(3) Recognizing 
Getting the largest number of the 15 correlation coefficient, comparing it 

with the sorted template coefficient, For example, if the largest number is 0.97, 
which is larger than that of template 103, smaller than that of template 43, and 
the gap between it and 103 is smaller than that of it and 43, so defined it as 
template 103. 
BP network 

BP network structure has three layers: input layer, hidden layer and output 
layer.  The unit number of input and output layer is decided by the number of 
dimensions and categories of the input vector. In this paper, we got 8 characters 
of each person which are used as the input data, so the input node is 8. As hidden 
layer has nodes two times than input layer, so we select 18 nodes, output layer 
select 15 nodes. 
Input vector is shown as Eq.11: 
X=(x1,x2,…xi, …xl)T  l=1,2,3,……,8   (11) 
Output vector of the hidden layer is shown as Eq.12 and Eq.13: 
Y=(y1,y2,…ym)T  m=1,2,3,……,18 (12) 









= ∑

=

l

i
iijj xvfy

1
 j=1,2,……m 

(13) 

Output vector of the output layer is shown as Eq.14: 
O=(o1,o2,…on)T  n=1,2,3,……,15  (14) 

6 Result 

The result of human identification by ECG signal based on BP network and 
correlation coefficient is shown in table 2.FRR（False Reject Rate）is that they 
should have match each other but they do not. FAR（False Accept Rate）is that 
they should have not  match each other but they do. 

The result of human identification by ECG signal based on correlation 
coefficient shows that the FRR is higher FAR is acceptable. So the method is 
feasible. The reason of the low recognition rate maybe is that feature selection is 
inappropriate or small amount of data. Compared with it, the result of human 
identification by ECG signal based on BP network achieves good results, but 
there is still room to improve. 
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Table 2 recognition based on correlation analysis and correlation coefficient 

Test 
numb

er 

FFR of 
correlati

on 
coefficien

t 
(%) 

FAR of 
correlati

on 
coefficien

t 
(%) 

FFR of 
BP 

networ
k 

(%) 

FAR of 
BP 

networ
k 

(%) 

Recogniti
on rate of 
correlatio

n 
coefficient
（%） 

Recogniti
on rate of  
network
（%） 

17 100 5 0 1.56 50 100.0 
20 90 1 0 0 10 89.3 
21 0 16 0 0 100 94.4 
27 100 0 13.3 0 0 94.3 
28 100 4 3.33 0 0 100.0 
39 30 8 0 0.44 70 100.0 
43 100 32 3.33 0 0 96.0 
45 90 5 6.67 0 10 92.0 
57 60 11 0 0.22 60 100.0 
78 90 9 0 0 10 97.1 
101 33 4 0 0 33 100.0 
103 100 2 0 0 0 100.0 
122 50 0 0 0.22 50 100.0 
123 60 6 13.3 0.67 40 86.7 
202 40 2 1 0.22 60 96.7 

7 Summary 

With the development of science and technology, more people begin to 
focus on the security and reliability of information. The traditional technology of 
identity recognition has failed to meet people's need for security now. ECG 
identification attracts widespread attention with its advantage that the ECG 
signals are difficult to be replicate, easy to be gotten, etc. The frequency-domain 
characteristics of the ECG signals are acquired based on the method of Fourier 
transform of the signals. According to the analysis of the correlation coefficient 
and neural network analysis respectively, higher recognition rate is achieved by 
the neural network over the correlation coefficient. Future research will focus on 
the work below: First, more about other features of the ECG waveform 
frequency domain will be analyzed and further work about selections of 
characteristics will be done; Second, the amount of experimental data will be 
increased to ensure the stability of identification and improve the recognition 
accuracy. 
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