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Electroencephalogram

EMBD........ Extended modified B-distribution
EOMP.... Extended orthogonal matching pursuit
F

FFF................. Fractional Fourier filtering
FM .. ... ... Frequency modulation
G

GD...ooii Gradient descent
Gl Gini index
H

HADTFD........... Highly adaptive directional

time-frequency distribution

Hit rate

Instantaneous auto-correllation function

ICCD .. Intrinsic chirp component decomposition

Instantaneous frequency

b
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A

ADTFD .... Adaptive directional time-frequency
distribution

ADTFDs ............ Adaptive directional TFDs
AF ..o Ambiguity function
AFS............ Adaptive fractional spectrogram
AM-FM ...... Amplitude modulation-Frequency
modulation

AOKTFD......... Adaptive optimal kernel TFD
AWGN .......... Additive white Gaussian noise
C

CKD.............. Compact Kernel Distribution
CoB........oooiiiil Cepstrum of Bispectrum
CS. Compressive Sensing
CSK.....oovviiia. Compact support kernel
CW . Choi-William
D

DGF.......... Double derivative Gaussian filter
DOA........ Direction of arrival
E

ECK ................ Extended Compact Kernel



Receiver operating characteristic curve

RPRG.................. Ridge path re-grouping
RSPWVD................. Reassigned SPWVD
S

SM. . Stankovic measure
SNEO ...t Smoothed NEO
SNR ... Signal to noise ratio
SPA............. Smoothing by a prior approach

SPWVD .. Smoothed pseudo-Wigner distribution

T

TFD ............... Time-frequency distribution
TFR............. Time-frequency representation
TN True Negative
TP o True Positive
\Y4

WL.. ..o Window length
WVD........ool Wigner-Ville distribution

J
JP Jones-Parks
L
LFM.............. Linear frequency modulation
LO-ADTFD......... Locally optimized adaptive

directional time-frequency distribution

LOO.........coiiiiit. Leave One Patient Out
M

MBD.................. Modified B-distribution
MP .. ... Matching pursuit
MSE..........oiiiiii Mean square error
N

NEO................ Non-linear energy operator
NRE................ Normalized Renyi entropy
P

PW-LFM ..................... Piece-wise LFM

QTFD..... Quadratic time-frequency distribution
R
RGK.................. Radialy Gaussian kernel
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Aabstract

Signal analysis in the time-frequency domain provides more advantageous than analyzing the signal in
either the time or the frequency domain. Adaptive directional time-frequency distributions (ADTFDs)
are effective and superior to other fixed and adaptive methods. In the ADTFD the direction of the kernel
is adapted on the basis of directional Gaussian or double derivative Gaussian filter.

Although ADTFDs are very effective, their applicability are restricted due to the manual tuning of the
parameters, high computational cost, sensitivity to the noise, weak performance in analyzing multicom-
ponent signal with different amplitudes and instantaneous frequency (IF) estimation of multicomponent
signals with overlapped components.

In this work to overcome the above-mentioned challenges, first the parameters of the ADTFDs are esti-
mated. Using a two-stage algorithm, first the length of the smoothing kernel is optimized globally. In
the second stage, the parameters which control the shape of the selected smoothing window is optimized,
locally. To alleviate computational cost a computationally efficient variant of ADTFD is introduced.
In the new ADTFD, the optimized directions are estimated using the Radon transform of the ambiguity
function of the signal and the searching is eliminated to the estimated directions. In the new ADTFD,
the sensitivity to the noise is also covered as eliminating the wrong directions corresponding to the noise,
alleviates the sensitivity of the ADTFD to the presence of the noise. By automating the ADTFD, the
possibility of precise analysis of multicomponent signal with different components is provided.

To estimate the IF of a multicomponent signal specifically with overlapped components, a new method
based on the proposed time-frequency technique and time-frequency filtering is introduced. The per-
formance of the proposed method in contrast to the state of the art methods such as ICCD-RPRG is
compared. Based on the proposed IF estimate method a new algorithm for reconstruction of multicom-
ponent signals with messing samples is introduced. The performance of this method is compared with
the common methods such as gradient descent, EOMP and iterative thresholding with different levels of
missing samples, which leads to minimum MSE for the proposed method.

As part of the case study, the performance of the proposed ADTFD is assessed using a seizure detection
system and a spike detection algorithm for signals with high frequency activity and low SNR. In case
of seizure detection system, the obtained results show classification accuracy of 98.56% s which is 37%
more than the accuracy achieved with other TFDs. In order to detect the spike, a new algorithm based
on the direction of the energy of the signal component in the time-frequency plane is introduced. The
performance of the proposed spike detection method is compared with SNEO and CoB methods using
different statistical measures such as precision rate and hit-rate.

Keywords: Time-frequency distribution, adaptive directional filter, EEG, spikes, sparsity
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