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ABSTRACT

In this study, a new approach is presented for analysis of
EEG signals and detection and localization of sleep spindles.
For automatic detection of sleep spindles, short term
frequency analysis is applied to EEG data. Short Time
Fourier Transform, and Wavelet Transform are used
extensively. After the detection of sleep spindles, Teager
Operator is applied to determine the duration of the spindle.
By this approach we achieved 92% true localization of sleep
spindles.

1. INTRODUCTION

One of the defining characteristics of sleep
electroencephalography (EEG) is non rapid eye movement
(NREM) sleep and phasic sleep spindles. There is now
reliable that sleep spindles are originated in the thalamus
and can be recorded as potential changes at the cortical
surface [1].

By the definition of sleep spindles consist of rthytmic waxing
and wanning patterns of 12-14 Hz activity at least 0.5 s [2].
Sleep spindles are commonly localized at stage-2 in NREM
sleep. The functional meaning of sleep spindles remains
unknown. However, by Steriade sleep spindles could reduce
sensory transmission and protect the cortex from arousing
stimuli [3].

Detection of sleep spindles in EEG was commonly
performed inefficiently by doctor’s eye inspection. Also
numerous attempts have been undertaken to automatic
detection of sleep spindles [4] [S]. However this works are
not satisfactory for true localization of the start and stop
time of the sleep spindles.

2. METHOD
2.1 EEG Signals

The EEG data used in this study has been recorded at the
sleep Research Center in Department of Psychiatry of
Gulhane Military Medicine Academy. The EEG signals were
recorded from 2 electrodes (C3-A2) placed on scalp
according to 10-20 system. The band pass filter was set at

0.5-35 Hz. The sampling rate was 200 Hz with 8 bit
resolution. Signals were acquired from three male subjects
aged 24, 35, and 36. Sleep spindle scoring was done visualy
by an expert. The total analysed epoch consist of 50 epoch.
Each epoch contains minumum one sleep spindle, and one
epoch corrsponding to 30 s of sleep.

2.2 Wavelet Transform

Wavelet transform has been widely used in EEG research. In
our analysis, we use the Daubechies mother wavelet with a
tap of 4.

Since the sleep spindles are around the 12-14 Hz activity,
analysis of 8-16 Hz band of EEG data will be adaquate to
localization of sleep spindles. For this reason sampling rate
is reduced from 200Hz to 128Hz with downsampling. The
wavelet decomposition tree is shown in Figure-1.
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Figure-1. EEG wavelet decomposition tree.

Wavelet decomposition process is done by two filters. These
are g(n) high pass filter and h(n) low pass filter. This filters
are applied to original EEG data x(n).

High pass filter:
D[k] = X x[n].g[2k-n] (1)
Low pass filter:



A[K] = = x[n].h[2k-n] Q)

In Figure-2 Wavelet analysis of the sleep spindle contained
EEG data is shown with 8-16Hz CAAD signal and it’s FFT
magnitude plot.
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Figure-2. 2 s Sleep EEG data with 8-16Hz wavelet transform
analysis.

If normalized FFT magnitude reachs the magnitude value of
1 then the program marks this location as an “probability of
containing spindle”.

2.3 Short Time Fourier Transform

Program uses Short Time Fourier Transform if and only if the
Wavelet Transform detects the spindle likely activity at given
2s window.

In STFT analysis signal is first multiplied by a window and
then the Fourier Transform of the window is taken. Since the
sleep spindles are not shorter than 0.5 s we used 64™ degree
window on 128 Hz sampling rate of EEG data. It is sufficient
for the window to have finite energy. In this work the
hamming window is used. 0.5s analysis of sleep spindle
contained EEG signal is shown in Figure-3.

Using the windowed function, STFT expansion along
frequency and time shift is of the form :

STFT, (w,7) = j Wt —1) f(H)e " dt )

In this step if analysed location has an frequency component
around 12Hz that means “probability of containing spindle is
very high”. In order to determine spindle, we have to
measure the duration of spindle likely activity. For this
process we use Teager Energy Operator (TEO) as shown
below.
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Figure-3. 0.5s STFT analysis of EEG data.
2.4 Teager Enegy Operator

After detection of spindle likely activity at a frequency
around 12Hz, we have to determine if this activity is spindle
or not.

vrs(m) = y2m)—ys-Dysm+1) (3

As shown in (5) Teager Energy Operator (TEO) yr(n) is
obtained from second derivative of the w(n) original signal

[6].

This operator lays stress on the small local changes, and
detractives the smooth transitions. As shown in Figure-4 the
location that does not contain any spindle, gives the value
around the 0, and locations that contain the spindle,
conspicuously can be seen.
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Figure-4. 2s Analysis of the spindle contained CAAD data
and output of the Teager Energy Operator.

If the duration of the 12Hz activity is less than 0.5 s we do
not score it as a sleep spindle. In Figure-4 1.3 s sleep spindle
can be seen.



3. RESULTS AND CONCLUSION

In this work, we present an analysis of EEG signals and
detection and localization of sleep spindles. We used Short
Time Fourier Transform, Wavelet Transform, and Teager
Energy Operator. We detect sleep spindles by wavelet
transform at first and then apply STFT on 2 s window.
Finally, we measure the duration of sleep spindle with
TEO[6]. By this approach we achieved 92% true localization
of sleep spindles. 15 s analysis and scoring is shown Figure-
5. As shown below sleep spindle is efficiently localized by
this algorithm.
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Figure-5. 15 s C3-A2 EEG record and detected sleep
spindle.

4. REFERENCES

[1] Steriade, M., Jones, E.G. and Llinas, R.R., Thalamic
Oscillations and Signalling. New York: Plenum Press, 1990.
[2] Rechtschaffen, A. and Kales, A. , A Manual of
Standardized Terminology, Techniques and Scoring System
for Sleep Stages of Human Subject. Washington DC: U.S.
Government Printing Office, 1968.

[3] Steriade, M., McCormic, D.A. and Sejnowski., T.J.,
"Thalamocortical oscillations in the sleeping abd aroused
brain," Science, 262, pp. 679-685, 1993.

[4] Erogul, O., Bahadirlar, Y., Guler, C., Aydin, H.,
"Thalamocortical oscillations in the sleeping abd aroused
brain," in National Meeting of Biomedical Engineering,
Kayseri, Turkey, October 1999.

[5] Zygicrewicz, J., Analysis of Sleep Spindles and a Model
of Their Generation, PhD thesis.Warsaw University, April
2000.

[6] J. Kaiser, "Some Useful Properties of Teager’s energy
Operator," IEEE ICASSP, pp. 149-152, 1993.



	Index
	EUSIPCO 2005

	Conference Info
	Welcome Messages
	Sponsors
	Committees
	Venue Information
	Special Info

	Sessions
	Sunday 4, September 2005
	SunPmPO1-SIMILAR Interfaces for Handicapped

	Monday 5, September 2005
	MonAmOR1-Adaptive Filters (Oral I)
	MonAmOR2-Brain Computer Interface
	MonAmOR3-Speech Analysis, Production and Perception
	MonAmOR4-Hardware Implementations of DSP Algorithms
	MonAmOR5-Independent Component Analysis and Source Sepe ...
	MonAmOR6-MIMO Propagation and Channel Modeling (SPECIAL ...
	MonAmOR7-Adaptive Filters (Oral II)
	MonAmOR8-Speech Synthesis
	MonAmOR9-Signal and System Modeling and System Identifi ...
	MonAmOR10-Multiview Image Processing
	MonAmOR11-Cardiovascular System Analysis
	MonAmOR12-Channel Modeling, Estimation and Equalization
	MonPmPS1-PLENARY LECTURE (I)
	MonPmOR1-Signal Reconstruction
	MonPmOR2-Image Segmentation and Performance Evaluation
	MonPmOR3-Model-Based Sound Synthesis ( I ) (SPECIAL SES ...
	MonPmOR4-Security of Data Hiding and Watermarking ( I ) ...
	MonPmOR5-Geophysical Signal Processing ( I ) (SPECIAL S ...
	MonPmOR6-Speech Recognition
	MonPmPO1-Channel Modeling, Estimation and Equalization
	MonPmPO2-Nonlinear Methods in Signal Processing
	MonPmOR7-Sampling, Interpolation and Extrapolation
	MonPmOR8-Modulation, Encoding and Multiplexing
	MonPmOR9-Multichannel Signal Processing
	MonPmOR10-Ultrasound, Radar and Sonar
	MonPmOR11-Model-Based Sound Synthesis ( II ) (SPECIAL S ...
	MonPmOR12-Geophysical Signal Processing ( II ) (SPECIAL ...
	MonPmPO3-Image Segmentation and Performance Evaluation
	MonPmPO4-DSP Implementation

	Tuesday 6, September 2005
	TueAmOR1-Segmentation and Object Tracking
	TueAmOR2-Image Filtering
	TueAmOR3-OFDM and MC-CDMA Systems (SPECIAL SESSION)
	TueAmOR4-NEWCOM Session on the Advanced Signal Processi ...
	TueAmOR5-Bayesian Source Separation (SPECIAL SESSION)
	TueAmOR6-SIMILAR Session on Multimodal Signal Processin ...
	TueAmPO1-Image Watermarking
	TueAmPO2-Statistical Signal Processing (Poster I)
	TueAmOR7-Multicarrier Systems and OFDM
	TueAmOR8-Image Registration and Motion Estimation
	TueAmOR9-Image and Video Filtering
	TueAmOR10-NEWCOM Session on the Advanced Signal Process ...
	TueAmOR11-Novel Directions in Information Theoretic App ...
	TueAmOR12-Partial Update Adaptive Filters and Sparse Sy ...
	TueAmPO3-Biomedical Signal Processing
	TueAmPO4-Statistical Signal Processing (Poster II)
	TuePmPS1-PLENARY LECTURE (II)

	Wednesday 7, September 2005
	WedAmOR1-Nonstationary Signal Processing
	WedAmOR2-MIMO and Space-Time Processing
	WedAmOR3-Image Coding
	WedAmOR4-Detection and Estimation
	WedAmOR5-Methods to Improve and Measures to Assess Visu ...
	WedAmOR6-Recent Advances in Restoration of Audio (SPECI ...
	WedAmPO1-Adaptive Filters
	WedAmPO2-Multirate filtering and filter banks
	WedAmOR7-Filter Design and Structures
	WedAmOR8-Space-Time Coding, MIMO Systems and Beamformin ...
	WedAmOR9-Security of Data Hiding and Watermarking ( II  ...
	WedAmOR10-Recent Applications in Time-Frequency Analysi ...
	WedAmOR11-Novel Representations of Visual Information f ...
	WedAmPO3-Image Coding
	WedAmPO4-Video Coding
	WedPmPS1-PLENARY LECTURE (III)
	WedPmOR1-Speech Coding
	WedPmOR2-Bioinformatics
	WedPmOR3-Array Signal Processing
	WedPmOR4-Sensor Signal Processing
	WedPmOR5-VESTEL Session on Video Coding (Oral I)
	WedPmOR6-Multimedia Communications and Networking
	WedPmPO1-Signal Processing for Communications
	WedPmPO2-Image Analysis, Classification and Pattern Rec ...
	WedPmOR7-Beamforming
	WedPmOR8-Synchronization
	WedPmOR9-Radar
	WedPmOR10-VESTEL Session on Video Coding (Oral II)
	WedPmOR11-Machine Learning
	WedPmPO3-Multiresolution and Time-Frequency Processing
	WedPmPO4-I) Machine Vision, II) Facial Feature Analysis

	Thursday 8, September 2005
	ThuAmOR1-3DTV ( I ) (SPECIAL SESSION)
	ThuAmOR2-Performance Analysis, Optimization and Limits  ...
	ThuAmOR3-Face and Head Recognition
	ThuAmOR4-MIMO Receivers (SPECIAL SESSION)
	ThuAmOR5-Particle Filtering (SPECIAL SESSION)
	ThuAmOR6-Geometric Compression (SPECIAL SESSION)
	ThuAmPO1-Speech, speaker and language recognition
	ThuAmPO2-Topics in Audio Processing
	ThuAmOR7-Statistical Signal Analysis
	ThuAmOR8-Image Watermarking
	ThuAmOR9-Source Localization
	ThuAmOR10-MIMO Hardware and Rapid Prototyping (SPECIAL  ...
	ThuAmOR11-BIOSECURE Session on Multimodal Biometrics (  ...
	ThuAmOR12-3DTV ( II ) (SPECIAL SESSION)
	ThuAmPO3-Biomedical Signal Processing (Human Neural Sys ...
	ThuAmPO4-Speech Enhancement and Noise Reduction
	ThuPmPS1-PLENARY LECTURE (IV)
	ThuPmOR1-Isolated Word Recognition
	ThuPmOR2-Biomedical Signal Analysis
	ThuPmOR3-Multiuser Communications ( I )
	ThuPmOR4-Architecture and VLSI Hardware ( I )
	ThuPmOR5-Signal Processing for Music
	ThuPmOR6-BIOSECURE Session on Multimodal Biometrics ( I ...
	ThuPmPO1-Multimedia Indexing and Retrieval
	ThuPmOR7-Architecture and VLSI Hardware ( II )
	ThuPmOR8-Multiuser Communications (II)
	ThuPmOR9-Communication Applications
	ThuPmOR10-Astronomy
	ThuPmOR11-Face and Head Motion and Models
	ThuPmOR12-Ultra wideband (SPECIAL SESSION)


	Authors
	All authors
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z
	Ö
	Ø

	Papers
	Papers by Session
	All papers

	Search
	Help
	Browsing the Conference Content
	The Search Functionality
	Acrobat Query Language
	Using Acrobat Reader
	Configurations and Limitations

	Copyright
	About
	Current paper
	Presentation session
	Abstract
	Authors
	Sinan Yetkin
	Ziya Telatar
	Osman Erogul
	Fazil Duman



