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Abstract — The purpose of this paper is to present a new
identification engine for an ECG identification system. The
system identifies subjects based on a comparison of a
patient’s ECG with previously registered ECG feature
parameters. These feature parameters are sampled from the
intervals and durations of the electrocardiographic waves
extracted using characteristic points appearing on the
waveform of the second order derivative and are identified
using discriminant analysis. Suitable combinations of feature
parameters are selected and the accuracy of the proposed
technique verified using ECGs from nine normal subjects.
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[. INTRODUCTION

The widespread use of telemedicine and home care
techniques has increased the need for systems to protect
patient data from leakage, theft or modification during
transmission. Furthermore, a robust identification system is
needed to ensure that the correct information is stored for
each patient. ECG is a frequently used method for monitoring
and checking a patient’s condition. An identification system
that utilizes some of the ECG feature parameters would
improve the level of security and reliability of the
information system without adding any data, a vital
requirement for minimizing data volumes. For this purpose,
we proposed a simpler and more practical system [1] than
previous systems [2,3]. In this study, we improve on the
identification engine using multiple discriminant analysis and
demonstrate the performance of the discrimination process by
experiments using ECGs from nine subjects.

II. METHOD

In order to perform any identification process, feature
parameters must be extracted from the ECG. In this study, we
used the durations and intervals of the electrocardiographic
waves. Four parameters (P wave duration, PQ interval, QRS
interval and QT interval) are appropriate for this purpose,
since they are not affected by the R-R interval or electrode
conditions. The extraction of these parameters is performed
by marking characteristic points on the ECG using the second
order derivative waveform to emphasize their locations. An
example of such marking is shown in fig. 1.

Discriminant analysis with two feature parameters is used
to discriminate between the registered ECGs. A combination
of two of the four feature parameters are used as the variate
for analysis. Since testing showed that most covariance
matrices calculated from the feature parameters of subjects
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Fig. 1. Marking at characteristic points on ECG.

(a) :ECG
(b) : Second order derivative

are different, we applied Mahalanobis’ generalized distance
to the criterion for discrimination. The average, variance and
covariance values are calculated from the first sequence of
feature parameter data to fix the coefficients in the equation
of the Mahalanobis’ generalized distance for registration
purposes. The discriminant analysis result is computed by
selecting the smallest Mahalanobis’ generalized distance.
Using this approach, the system can discriminate between
registered subjects within a single beat.

III. EXPERIMENT

The experimental system is divided into three parts. The
first is an ECG measurement and AD conversion block, the
second is a feature parameter extraction block and the third is
a discriminant analysis block. The feature parameter
extraction block extracts four feature parameters from
sampled ECG data sequence on a beat-by-beat basis, and
checks whether the values are within the allowable ranges of
normal electrocardiographic waves. Two sequences are then
selected from these feature parameter sequences and applied
to the final block. Finally, a beat-by-beat discrimination
result is obtained.

The experiment was performed using ECGs from nine
normal subjects. Two sequences of ECG data were measured
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for each subject. The coefficients in the equation of a

0.45
Mabhalanobis’ generalized distance were calculated from the
first ECG data. Discriminant analysis was performed on the
second ECG data. Table I shows the measurement conditions
for the ECG measurement and AD conversion block. All =~ 0.40
possible feature parameter combinations were applied to the =
discriminant analysis to identify the optimum combination. Z ..aiu o
= )
IV. RESULTS 5 0.35
The details of the measured ECGs are shown in table II.
The averages and the variances of the feature parameters
from the measured ECGs are shown in table II1. 0.30
Some examples of feature parameter distributions are 0.10 0.12 0.14 0.16 0.18 0.20
shown .in fig. 2 through fig. 4. Fig. 2 and fig. 3 show results PQ interval (s)
from different sequences of ECG data from one subject. The Fig. 2. Distribution of characteristic parameters. (data : A_1)
distribution of the parameters from a second subject is shown
in fig. 4. 0.45
The result of discriminant analysis is shown in table IV.
TABLE1
MEASUREMENT CONDITION ~ 0.40
Num. of samples 100,000 ::/ '
Filter 0.06Hz HPF, 60Hz LPF, £
50Hz BRF E ®
AD converter 500Hz, 12bit 5 035
Lead Limb lead II
State of subject Rest (sitting)
TABLE 1T 0.30
OUTLINE OF THE DATA FROM NINE SUBJECTS 0.10 0.12 0.14 0.16 0.18 0.20
Subject Age Date ID  Num. of beats PQ interval (s)
A 1 718 Fig. 3. Distribution of characteristic parameters. (data : A_2)
A 21 Oct.19,2000 —
A2 224 0.45
B 1 295 ’
B 23 Oct.14,2000 B2 391
C.1 202
C 22 Oct.11,2000 2 201 o
D 1 170 = 0.
D 35 Feb.09,2001 D2 174 3
E 1 260 8
E 21 Oct.19,2000 E 2 375 ki
F 1 259 5 0.35
F 22 Feb.08,2001 F2 239 54
G 1 275
G 22 Oct.11,2000 G2 355
H 1 217
H 24 Oct.17,2000 H 2 204 0.30
11 227 0.10  0.12 0.14  0.16 0.18 0.20
1 23 Feb08,2001 I_2 226 PQ interval (s)
Fig. 4. Distribution of characteristic parameters. (data : G_1)
TABLE III
AVERAGES AND VARIANCES OF THE FEATURE PARAMETERS
1D A 1 B 1 C 1 D 1 E 1 F 1 G 1 H 1 11
Tp 0.105 0.094 0.116 0.088 0.104 0.101 0.099 0.105 0.097
Average Tqrs 0.088 0.097 0.095 0.096 0.100 0.093 0.090 0.109 0.105
Tpq 0.150 0.142 0.167 0.137 0.157 0.147 0.178 0.142 0.153
Tqt 0.369 0.335 0.329 0.426 0.354 0.375 0.331 0.378 0.337
Tp 1.94E-5 6.55E-5 1.66E-4 2.48E-5 5.07E-5 7.58E-5 4.26E-5 7.15E-6 1.93E4
Variance Tqrs 8.06E-7 1.10E-6 1.44E-6 1.01E-6 9.42E-7 1.24E-6 2.18E-6 9.89E-7 2.35E-6
Tpq 1.78E-5 447E-5 4.18E-5 1.87E-5 3.32E-5 7.08E-5 1.45E-5 7.44E-6 8.45E-5
Tqt 1.90E-5 245E-5 1.87E-5 6.27E-6  1.62E-5 2.42E-5 5.16E-5 1.27E-5 9.08E-5




The accuracy value quoted in the table is calculated from the
number of beats correctly discriminated and the total number
of beats.

V. DISCUSSIONS

The statistical parameters listed in Table III were used as
coefficients in the calculation of the Mahalanobis’
generalized distance it is demonstrated that these parameters
are suitable for discrimination purposes in fig. 2 through fig.
4. Fig. 2 and fig. 3, which show the distribution of feature
parameters from the same subject, show a high degree of
correlation. On the contrary, fig. 3 and fig.4, which show the
distribution of feature parameters from different subjects, are
significantly different.

Table IV shows the system performance for every possible
pair of feature parameters. It can be seen that there is a large
variation in achievable accuracy with the different
combinations. In particular, use of the P wave duration
results in a low discriminatory accuracy. This may be due to
the small differences between subjects and from ambiguities
in the placement of the characteristic points. The highest
accuracy was achieved using the combination of QRS
interval and QT interval parameters. All results with the
exception of the C 2 data exceed ninety percent accuracy.
Since the combination of QRS interval and PQ interval
parameters also provided accurate results, it is expected that
the use of a combination of these three feature parameters
will improve the accuracy of the technique.

The ratio of the two amplitudes of the electrocardiographic
waves is another possible parameter for use in this system,
since it is not affected by variations in the amplitude of the
ECG due to uncertain electrode conditions. The extension of
the system to include this feature parameter may suppress
any deterioration in performance that may occur when the
number of subjects in the database is large.

TABLE 1V
RESULTS OF DISCRIMINANT ANALYSIS

Data Accuracy [%]

ID  pQrS PPQ P-QT QRS-PQ QRS-QT PQ-QT
A2 80.8 31.3 48.7 99.1 99.1 48.2
B2 73.2 38.5 4.1 89.0 90.4 46.4
C2 84.0 90.1 81.0 95.0 76.1 78.1
D 2 60.3 56.3 99.4 44 8 99.4 99.4
E 2 82.9 17.5 45.8 93.8 90.2 47.6
F2 63.6 7.5 86.6 67.4 99.2 87.0
G2 64.3 94.9 38.4 98.4 96.5 96.9
H 2 80.4 84.4 29.5 79.0 97.3 24.1
12 99.6 88.5 83.2 99.6 99.6 84.5

VI. CONCLUSION

In this paper, we presented a new discrimination process
for an ECG identification system and demonstrated the
accuracy of the proposed technique using the ECGs from
nine normal subjects. The results suggest that the system can
discriminate between registered ECGs with an acceptable
level of accuracy. It was also suggested that the addition of
extra feature parameters to the discrimination system would
further enhance the performance of the system.

REFERENCES

[1] M. Kyoso, K. Ohishi, A. Uchiyama, “Development of
ECG identification system,” Jap. J. of Medical Electronics
and Biological Engineering, vol.38 Suppl., pp.392, 2000.

[2] M. Ogawa, T. Tamura, M. Yoda, T. Togawa, “Fully
automated biosignal acquisition system for home health
monitoring,” Proc. of the Annual International Conference of
the IEEE Engineering in Medicine & Biology Society, vol. 19
No. 6, pp. 2403-2405, 1997.

[3] L. Biel, O. Petterson, L. Philipson, P. Wide, “ECG
analysis: A new approach in human identification,” Conf.
Proc. of the IEEE Instrum. Meas. Technol. Conf., vol. 16,
No.1, pp557-561, 1999.



	Main Menu
	-------------------------
	Welcome Letter
	Chairman Address
	Keynote Lecture
	Plenary Talks
	Mini Symposia
	Workshops
	Theme Index
	1.Cardiovascular Systems and Engineering 
	1.1.Cardiac Electrophysiology and Mechanics 
	1.1.1 Cardiac Cellular Electrophysiology
	1.1.2 Cardiac Electrophysiology 
	1.1.3 Electrical Interactions Between Purkinje and Ventricular Cells 
	1.1.4 Arrhythmogenesis and Spiral Waves 

	1.2. Cardiac and Vascular Biomechanics 
	1.2.1 Blood Flow and Material Interactions 
	1.2.2.Cardiac Mechanics 
	1.2.3 Vascular Flow 
	1.2.4 Cardiac Mechanics/Cardiovascular Systems 
	1.2.5 Hemodynamics and Vascular Mechanics 
	1.2.6 Hemodynamic Modeling and Measurement Techniques 
	1.2.7 Modeling of Cerebrovascular Dynamics 
	1.2.8 Cerebrovascular Dynamics 

	1.3 Cardiac Activation 
	1.3.1 Optical Potential Mapping in the Heart 
	1.3.2 Mapping and Arrhythmias  
	1.3.3 Propagation of Electrical Activity in Cardiac Tissue 
	1.3.4 Forward-Inverse Problems in ECG and MCG 
	1.3.5 Electrocardiology 
	1.3.6 Electrophysiology and Ablation 

	1.4 Pulmonary System Analysis and Critical Care Medicine 
	1.4.1 Cardiopulmonary Modeling 
	1.4.2 Pulmonary and Cardiovascular Clinical Systems 
	1.4.3 Mechanical Circulatory Support 
	1.4.4 Cardiopulmonary Bypass/Extracorporeal Circulation 

	1.5 Modeling and Control of Cardiovascular and Pulmonary Systems 
	1.5.1 Heart Rate Variability I: Modeling and Clinical Aspects 
	1.5.2 Heart Rate Variability II: Nonlinear processing 
	1.5.3 Neural Control of the Cardiovascular System II 
	1.5.4 Heart Rate Variability 
	1.5.5 Neural Control of the Cardiovascular System I 


	2. Neural Systems and Engineering 
	2.1 Neural Imaging and Sensing  
	2.1.1 Brain Imaging 
	2.1.2 EEG/MEG processing

	2.2 Neural Computation: Artificial and Biological 
	2.2.1 Neural Computational Modeling Closely Based on Anatomy and Physiology 
	2.2.2 Neural Computation 

	2.3 Neural Interfacing 
	2.3.1 Neural Recording 
	2.3.2 Cultured neurons: activity patterns, adhesion & survival 
	2.3.3 Neuro-technology 

	2.4 Neural Systems: Analysis and Control 
	2.4.1 Neural Mechanisms of Visual Selection 
	2.4.2 Models of Dynamic Neural Systems 
	2.4.3 Sensory Motor Mapping 
	2.4.4 Sensory Motor Control Systems 

	2.5 Neuro-electromagnetism 
	2.5.1 Magnetic Stimulation 
	2.5.2 Neural Signals Source Localization 

	2.6 Clinical Neural Engineering 
	2.6.1 Detection and mechanisms of epileptic activity 
	2.6.2 Diagnostic Tools 

	2.7 Neuro-electrophysiology 
	2.7.1 Neural Source Mapping 
	2.7.2 Neuro-Electrophysiology 
	2.7.3 Brain Mapping 


	3. Neuromuscular Systems and Rehabilitation Engineering 
	3.1 EMG 
	3.1.1 EMG modeling 
	3.1.2 Estimation of Muscle Fiber Conduction velocity 
	3.1.3 Clinical Applications of EMG 
	3.1.4 Analysis and Interpretation of EMG 

	3. 2 Posture and Gait 
	3.2.1 Posture and Gait

	3.3.Central Control of Movement 
	3.3.1 Central Control of movement 

	3.4 Peripheral Neuromuscular Mechanisms 
	3.4.1 Peripheral Neuromuscular Mechanisms II
	3.4.2 Peripheral Neuromuscular Mechanisms I 

	3.5 Functional Electrical Stimulation 
	3.5.1 Functional Electrical Stimulation 

	3.6 Assistive Devices, Implants, and Prosthetics 
	3.6.1 Assistive Devices, Implants and Prosthetics  

	3.7 Sensory Rehabilitation 
	3.7.1 Sensory Systems and Rehabilitation:Hearing & Speech 
	3.7.2 Sensory Systems and Rehabilitation  

	3.8 Orthopedic Biomechanics 
	3.8.1 Orthopedic Biomechanics 


	4. Biomedical Signal and System Analysis 
	4.1 Nonlinear Dynamical Analysis of Biosignals: Fractal and Chaos 
	4.1.1 Nonlinear Dynamical Analysis of Biosignals I 
	4.1.2 Nonlinear Dynamical Analysis of Biosignals II 

	4.2 Intelligent Analysis of Biosignals 
	4.2.1 Neural Networks and Adaptive Systems in Biosignal Analysis 
	4.2.2 Fuzzy and Knowledge-Based Systems in Biosignal Analysis 
	4.2.3 Intelligent Systems in Speech Analysis 
	4.2.4 Knowledge-Based and Neural Network Approaches to Biosignal Analysis 
	4.2.5 Neural Network Approaches to Biosignal Analysis 
	4.2.6 Hybrid Systems in Biosignal Analysis 
	4.2.7 Intelligent Systems in ECG Analysis 
	4.2.8 Intelligent Systems in EEG Analysis 

	4.3 Analysis of Nonstationary Biosignals 
	4.3.1 Analysis of Nonstationary Biosignals:EEG Applications II 
	4.3.2 Analysis of Nonstationary Biosignals:EEG Applications I
	4.3.3 Analysis of Nonstationary Biosignals:ECG-EMG Applications I 
	4.3.4 Analysis of Nonstationary Biosignals:Acoustics Applications I 
	4.3.5 Analysis of Nonstationary Biosignals:ECG-EMG Applications II 
	4.3.6 Analysis of Nonstationary Biosignals:Acoustics Applications II 

	4.4 Statistical Analysis of Biosignals 
	4.4.1 Statistical Parameter Estimation and Information Measures of Biosignals 
	4.4.2 Detection and Classification Algorithms of Biosignals I 
	4.4.3 Special Session: Component Analysis in Biosignals 
	4.4.4 Detection and Classification Algorithms of Biosignals II 

	4.5 Mathematical Modeling of Biosignals and Biosystems 
	4.5.1 Physiological Models 
	4.5.2 Evoked Potential Signal Analysis 
	4.5.3 Auditory System Modelling 
	4.5.4 Cardiovascular Signal Analysis 

	4.6 Other Methods for Biosignal Analysis 
	4.6.1 Other Methods for Biosignal Analysis 


	5. Medical and Cellular Imaging and Systems 
	5.1 Nuclear Medicine and Imaging 
	5.1.1 Image Reconstruction and Processing 
	5.1.2 Magnetic Resonance Imaging 
	5.1.3 Imaging Systems and Applications 

	5.2 Image Compression, Fusion, and Registration 
	5.2.1 Imaging Compression 
	5.2.2 Image Filtering and Enhancement 
	5.2.3 Imaging Registration 

	5.3 Image Guided Surgery 
	5.3.1 Image-Guided Surgery 

	5.4 Image Segmentation/Quantitative Analysis 
	5.4.1 Image Analysis and Processing I 
	5.4.2 Image Segmentation 
	5.4.3 Image Analysis and Processing II 

	5.5 Infrared Imaging 
	5.5.1 Clinical Applications of IR Imaging I 
	5.5.2 Clinical Applications of IR Imaging II 
	5.5.3 IR Imaging Techniques 


	6. Molecular, Cellular and Tissue Engineering 
	6.1 Molecular and Genomic Engineering 
	6.1.1 Genomic Engineering: 1 
	6.1.2 Genomic Engineering II 

	6.2 Cell Engineering and Mechanics 
	6.2.1 Cell Engineering

	6.3 Tissue Engineering 
	6.3.1 Tissue Engineering 

	6.4. Biomaterials 
	6.4.1 Biomaterials 


	7. Biomedical Sensors and Instrumentation 
	7.1 Biomedical Sensors 
	7.1.1 Optical Biomedical Sensors 
	7.1.2 Algorithms for Biomedical Sensors 
	7.1.3 Electro-physiological Sensors 
	7.1.4 General Biomedical Sensors 
	7.1.5 Advances in Biomedical Sensors 

	7.2 Biomedical Actuators 
	7.2.1 Biomedical Actuators 

	7.3 Biomedical Instrumentation 
	7.3.1 Biomedical Instrumentation 
	7.3.2 Non-Invasive Medical Instrumentation I 
	7.3.3 Non-Invasive Medical Instrumentation II 

	7.4 Data Acquisition and Measurement 
	7.4.1 Physiological Data Acquisition 
	7.4.2 Physiological Data Acquisition Using Imaging Technology 
	7.4.3 ECG & Cardiovascular Data Acquisition 
	7.4.4 Bioimpedance 

	7.5 Nano Technology 
	7.5.1 Nanotechnology 

	7.6 Robotics and Mechatronics 
	7.6.1 Robotics and Mechatronics 


	8. Biomedical Information Engineering 
	8.1 Telemedicine and Telehealth System 
	8.1.1 Telemedicine Systems and Telecardiology 
	8.1.2 Mobile Health Systems 
	8.1.3 Medical Data Compression and Authentication 
	8.1.4 Telehealth and Homecare 
	8.1.5 Telehealth and WAP-based Systems 
	8.1.6 Telemedicine and Telehealth 

	8.2 Information Systems 
	8.2.1 Information Systems I
	8.2.2 Information Systems II 

	8.3 Virtual and Augmented Reality 
	8.3.1 Virtual and Augmented Reality I 
	8.3.2 Virtual and Augmented Reality II 

	8.4 Knowledge Based Systems 
	8.4.1 Knowledge Based Systems I 
	8.4.2 Knowledge Based Systems II 


	9. Health Care Technology and Biomedical Education 
	9.1 Emerging Technologies for Health Care Delivery 
	9.1.1 Emerging Technologies for Health Care Delivery 

	9.2 Clinical Engineering 
	9.2.1 Technology in Clinical Engineering 

	9.3 Critical Care and Intelligent Monitoring Systems 
	9.3.1 Critical Care and Intelligent Monitoring Systems 

	9.4 Ethics, Standardization and Safety 
	9.4.1 Ethics, Standardization and Safety 

	9.5 Internet Learning and Distance Learning 
	9.5.1 Technology in Biomedical Engineering Education and Training 
	9.5.2 Computer Tools Developed by Integrating Research and Education 


	10. Symposia and Plenaries 
	10.1 Opening Ceremonies 
	10.1.1 Keynote Lecture 

	10.2 Plenary Lectures 
	10.2.1 Molecular Imaging with Optical, Magnetic Resonance, and 
	10.2.2 Microbioengineering: Microbe Capture and Detection 
	10.2.3 Advanced distributed learning, Broadband Internet, and Medical Education 
	10.2.4 Cardiac and Arterial Contribution to Blood Pressure 
	10.2.5 Hepatic Tissue Engineering 
	10.2.6 High Throughput Challenges in Molecular Cell Biology: The CELL MAP

	10.3 Minisymposia 
	10.3.1 Modeling as a Tool in Neuromuscular and Rehabilitation 
	10.3.2 Nanotechnology in Biomedicine 
	10.3.3 Functional Imaging 
	10.3.4 Neural Network Dynamics 
	10.3.5 Bioinformatics 
	10.3.6 Promises and Pitfalls of Biosignal Analysis: Seizure Prediction and Management 



	Author Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	Ö
	P
	Q
	R
	S
	T
	U
	Ü
	V
	W
	X
	Y
	Z

	Keyword Index
	-
	¦ 
	1
	2
	3
	4
	9
	A
	B
	C
	D
	E
	F
	G
	H
	I
	i
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Committees
	Sponsors
	CD-Rom Help
	-------------------------
	Return
	Previous Page
	Next Page
	Previous View
	Next View
	Print
	-------------------------
	Query
	Query Results
	-------------------------
	Exit CD-Rom


