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Figure 6
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Identify initial T-wave offset points

%} 603

Compute a T-wave emphasis signal

Characterize T-wave morphology by evaluating
amplitude and time of peaks, valleys, and zero
crossings (fiducial points) of emphasis signal

805

Assign T-waves with common morphhology
characteristics to a cluster

606

Align T-waves in a cluster using location of a
peak or valley in the emphasis signal
(alignment point) while preserving the location
of initial T-wave offset point relative to the
alignment point

607

Compute a composite T-wave offset value for
the cluster by combining T-wave offset points of
aligned T-waves

608

Adjust T-wave offset for each cardiac cycle in
the cluster by matching T-wave offset points to
the composite value.
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Figure 8
801
( ECG input - first \/
N domain 4
802
Decompose signal from first domain to create a set of subcomponents,
D2sub, in a second domain using one of the following transforms:
¢ Discrete cosine transform
s Wavelet related transform
¢ Karhunen-Loeve transform
¢ Fourier transform
» Gabor transform
« Filter bank
" 803
YES NO
"~ | ~Dimension of first &
domain > 1
804 —\ 807
\ f
\ ‘ ‘
Identify and remove at least some of the subcomponents of .
the set D2sub that are associated noise to create a partially ?sesr:)tcl:ztse léb:v?tf’n?)izs'; Z?ferDzsa’r?; Z:Jb::ln;ﬁ:?ents
denoised subset of subcomponents D2den. Accomplish by . - 9y 9 9¥'
applying at least one of: respectlyely, in set. D2sub using at least one of:
« Principal component analysis * Spa_hal]y selective filtering .
« Independent component analysis » Periodic component analysis

Identify sets, D2n and D2s, of subcomponents associated 805
with noise energy and signal energy, respectively, in set /
D2den, using at least one of:

« Spatially selective filtering (SSF)

+ Periodic component analysis (TTCA)

806 /7 808
! o Compute noise power (Pn) as the energy contained in » Compute noise power (Pn) as the energy contained in
subset D2n subset D2n
» Compute signal power (Ps) as the energy in residual » Compute signal power (Ps) as the energy in residual
subcompoenents of D2s. * subcomponents of D2s.

809

s

, Compute dSNR =10 LOG (Ps/Pn)

Qutput
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Figure 9

901

Input ECG Signal

o Amplify sensed ECG
o Filter to remove out-of-band noise

» Digitize signal
903

o [dentify QRS complex
¢ Use the QRS complex to define a search
window to search for T-wave offset

<>

Remove most energy from the search window that is
not T-wave energy. Use MDSP denoising, band-pass
filtering, wavelet thresholding, or adaptive filtering.

902

Denoised

T-wave Signal 906

907

Compute noise signal
Identify T-wave offset using the residuals of

the denoising process
{ } 908

Identify a second time window where
signal-to-noise ratio (SNR) can impact
the accuracy of T-wave offset detection.

< 7 . 909

Compute SNR for the ECG signal in
the second time window

SNR > Threshold

911

912—\

Identified T-wave
offset is accurate

Identified T-wave
offset may not be
accurate.







