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ABSTRACT

A Study on User Recognition based on Resolution

Adjusted 2D Spectrogram using Normalized ECG

Choi, Gyu Ho
Advisor : Prof. Pan, Sung Bum, Ph.D.
Department of Control & Instrumentation

Graduate School of Chosun University

Recently, security technologies that prove personal identity are being upgraded
to biometrics systems using bio-signals that are resistant to forgery and alteration.
Research-based on wuser recognition systems using the representative
electrocardiogram(ECG) signals are actively underway among bio-signals. To
measure and recognize ECG considering the real-life environment, a recognition
system using ECG signals acquired in a complex state is required. In order to
apply a user recognition system using an ECG in real life, the purpose of this
study is to solve the problem with decline recognition performance due to motion
artifacts generated when ECG signals are acquired in a dynamic state, low
recognition accuracy due to multidimensional features, and high time complexity
due to complex networks.

Existing normalization methods do not consider morphological features or are
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complicated in the operation process. Existing multidimensional feature
extraction methods are designed with low recognition accuracy and complex
network structures. In this study, an adaptive similarity filter-based normalization
was developed to consider individual morphological features in the preprocessing
stage of the recognition system. Besides, a resolution adjusted 2D spectrogram
multidimensional features by optimization were utilized as a single convolution
neural network(CNN) designed with a low hidden layer structure. Accordingly,
the problem with decline recognition performance caused by artifacts was solved
with a similarity filter considering individual morphological features. The low
recognition accuracy due to the multidimensional features was solved with a
resolution-adjusted 2D spectrogram. The problem of high time complexity caused
by the complex network was solved with a resized input image and a single
network. Therefore, in this study, ECG in static and dynamic states was acquired
and built as Chosun University database(CU-DB). This was applied with adaptive
similarity filter-based normalization and resolution-adjusted 2D spectrogram. The
method proposed in this study consists of a step for removing noise from an
ECG signal and a step for analyzing feature data in a user recognition system.

In consideration of real life, the static states for acquiring an ECG in the
CU-DB includes sitting, lying down, and sitting after exercise. The dynamic
states are phone touch, door opening and closing, and stepper exercise. The
performance of the proposed normalization method and multidimensional feature
extraction method was compared with existing methods and analyzed using the
public databases MIT-BIH normal sinus rhythm(NSR), QT, FEuropean, and
Arrhythmia. The average similarity rate of the proposed normalization method
was analyzed to be 4.18%, 1.36%, 6.81% higher in Euclidian distance than the
existing time(cross correlation), frequency (optimized band pass filter), and phase
normalization method. In addition, in the Mahalanobis distance, 2.86%, 0.96%,
and 2.87% cosine similarity were analyzed to be 4.08%, 1.58%, and 5.99%
higher than the existing method. Accordingly, the ECG morphological features of
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the static and dynamic states normalized based on the adaptive similarity filter
were closer than the existing normalization method, and the recognition
performance was improved by an average of 2% compared to before
normalization. The problem of low accuracy was solved as the recognition
performance using the proposed resolution-adjusted 2D spectrogram was analyzed
2% and 0.4% higher in CU-DB than the existing multidimensional feature
extraction methods of ensemble empirical mode decomposition and Mel frequency
cepstrum  coefficients. Recognition performance using the proposed 2D
spectrogram was analyzed as 97.1% in CU-DB, 100% in MIT-BIH NSR DB,
98.1% in QT DB, and 98.7% in European DB. This was analyzed to be 1.4%
higher in the maximum European DB and 0.1% in the minimum Arrhythmia DB
than the existing single-dimensional, multidimensional, and network methods.
Recognition performance using a 2D spectrogram of 1/4 image size was
maintained in a single network CNN and the elapsed learning time was shortened
by 6 seconds.

In this thesis, a user recognition system-based study was conducted using an
ECG acquired in a complex state considering real life. Because it was verified
through the ECG DB in a complex state, it is expected that it can be applied
using an ECG signal acquired in real life. In the future, I plan to study a
biometrics system that will be applied to the driving environment for intelligent
vehicles. I also plan to increase the number of training data, optimize networks,
and conduct research on lightweight network design to further improve the

recognition performance using ECG in deep learning-based networks.
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2x2 BHII BEE WA ZE S0 dHEC. =S AAEXNE CAIGH| <o
EENOZ SHAE EFoles N HI W ATE WA FS02 HHELC.
H 8. CNN UIERA 2=
Layer Describe
1 Input 65x23x 3
2 2D convolution 8, 3x3 Conv., Stride[1 1]
3 Batch nor. Output value nor.
If x > 0 gradient 1,
4 ReLU
) If x < 0 (x)=0
5 Max-pooling 2x2 max value, Stride[2 2]
6 2D convolution 16, 3x3 Conv., Stride[1 1]
7 Batch nor. Output value nor.
If x > 0 gradient 1,
8 ReLU
) If x < 0 (x)=0
9 Max-pooling 2x2 max value, Stride[2 2]
10 2D convolution 32, 3x3 Conv., Stride[1 1]
i Batch nor. Output value nor.
If x > 0 gradient 1,
12 ReLU
) If x < 0 (x)=0
13 Fully connected 100 fully connected layer
14 Softmax Softmax
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g0t A (21)2H  (25)0K ClAEQl HE & (Accuracy), !
(Sensitivity), SO0l %(Specificity), &2 & (Precision), Fl-scoreJt & &Lt
« TP: &Kl True @/ HES True 8 &Y
« FP: &Nl False ¢! BYES True 2 AE
* FN: &Ml True @/ HEHYS False 2 &Y
« TN: &Nl False ¢! S False 2 AE
TP+ TN
Accuracy = N T FP T FN (21)
TP
Sensitivity = TPT N (22)
1IN
Specificity = TN+ FP
brenision— TP
ectsion = TP+FP

Precision X Sensitivity
Precision+ Sensitivity

F1—score =2X
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