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(57) ABSTRACT 

A system for processing electrocardiograph signals includes 
an interface and a processor. The interface provides a first 
electrocardiograph signal and a second electrocardiograph 
signal from an electrocardiograph to the processor. The pro 
cessor receives the electrocardiograph signals, processes the 
first electrocardiograph signal to identify a feature of the 
signal, and processes the second electrocardiograph signal to 
identify energy over time (e.g., at various time instances), and 
identifies a first time instance of interest based on the feature. 
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1. 

PROCESSINGELECTROCARDOGRAPH 

SIGNALS 

BACKGROUND 

The disclosed embodiments relate to processing an elec 
trocardiograph signal. Such as a system for processing an 
electrocardiograph signal to identify instances of interest in 
the signal. 

Electrocardiography (ECG) is a transthoracic (e.g., across 
the thorax or chest) interpretation of the electrical activity of 
the heart over a period of time, as detected by electrodes 
attached to the outer surface of the skin or at specific loci of 
the heart via cardiac catheters and recorded by an electrocar 
diograph external to the body. The electrical activities of the 
heart are recorded as signals by the electrocardiograph. The 
signals recorded from the surface of the skin are referred to as 
Surface electrocardiograph signals and the signals from the 
internal part of the heart are referred to as intracardiac elec 
trograph signals. 
ECG with the electrodes at the outer surface of the skin is 

useful to measure the rate and regularity of heartbeats, the size 
and position of the chambers, the presence of any damage to 
the heart, and the effects of drugs or devices used to regulate 
the heart (such as a pacemaker). While the intracardiac elec 
trograph signals help to detect cardiac arrhythmias, detection 
of some heart diseases, such as cardiac arrhythmias, involves 
a great degree of accuracy in identifying few instances of 
interest in each of the signals. Based on these instances indi 
vidually and in combination, a physician decides on the 
occurrence or non-occurrence of the disease in a patient. 
One possible way for identifying the instances of interestin 

signals is by automated segmentation of the signals using 
frequency and time domain template matching methods. Such 
as correlation waveform analysis, which is independent of 
amplitude fluctuation and ICE baseline. Correlation wave 
form analysis is effective in discriminating ventricular depo 
larizations in sinus rhythm (SR) from indications of ventricu 
lar tachycardia (VT), and in differentiating morphologically 
distinct ventricular tachycardias in the same patient. Another 
way is based on a difference of area (DOA) scheme, which is 
dependent upon amplitude fluctuation and ICE baseline. 
These methods are based on simple criteria, such as the dif 
ference of areas between the template and the test signal. The 
methods have a limitation in connection with the variability in 
the test signals. The limitation may be met by increasing the 
number of templates. But incrementing the number of tem 
plates leads to increased computation time. Further, these 
methods implicitly rely on the P wave onset point, which, in 
Some cases, cannot be computed accurately. 

SUMMARY 

The scope of the present invention is defined solely by the 
appended claims and is not affected to any degree by the 
statements within this Summary. 
A system for processing electrocardiograph signals 

includes an interface and a processor. The processor provides 
a first electrocardiograph signal and a second electrocardio 
graph signal from an electrocardiograph to the processor. The 
processor receives the electrocardiograph signals, processes 
the first electrocardiograph signal to identify a feature of the 
signal, and processes the second electrocardiograph signal to 
identify energy over time (e.g., at various time instances), and 
identifies a first time instance of interest based on the feature. 

Before identifying the energy for each instance of the second 
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2 
signal, the processor Smoothes and determines (e.g., finds) a 
threshold in the second signal. 

In one aspect, the first electrocardiograph signal is a Sur 
face cardiograph signal and the second signal is an intracar 
diac electrograph signal. 

In one aspect, the feature is a QRS region of the surface 
electrocardiograph signal. 

In one aspect, the processor receives a third electrocardio 
graph signal from the interface, processes the third signal to 
identify energy of the third signal at various time instances, 
and identifies a second time instance of interest based on at 
least one of the feature and the first time instance. 

In one aspect, the processor further measures a first time 
interval between the first instance of interest and the second 
instance of interest. 

In one aspect, the processor further receives a fourth elec 
trocardiograph signal from the interface, processes the fourth 
signal to identify energy of the fourth signal at various time 
instances between the first time interval and identifies a third 

time instance of interest based on at least one of the feature, 
the first time instance and the second time instance. 

In one aspect, the processor further measures a second time 
interval between the first instance of interest and the third 

instance of interest, and measures a third time interval 
between the third instance of interest and the second instance 
of interest. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a system for processing an electrocardio 
graph signals in accordance with one embodiment. 

FIG. 2 illustrates a graphical representation of electrocar 
diograph signals along with an energy of the signals at each 
instance of the electrocardiograph signals in accordance with 
one embodiment. 

DETAILED DESCRIPTION 

FIGS. 1 and 2 are addressed together to describe an 
embodiment. 

FIG. 1 illustrates a system 1 for processing electrocardio 
graph signals 5, 6, 7, 8. The system 1 includes an electrocar 
diogram 2 for generating the electrocardiograph signals 5, 6, 
7, 8, a processor 4 for processing the electrocardiograph 
signals 5, 6, 7, 8 and an interface for receiving the electrocar 
diograph signals 5, 6, 7, 8 from electrocardiogram 2 and for 
transferring the electrocardiograph signals 5, 6, 7, 8 to the 
processor 4. The processor uses energy identification for vari 
ous instances of the signals 6, 7, 8 to process the electrocar 
diograph signals 6, 7, 8 to provide a first instance 10, a second 
instance 11 and a third instance 12. Based on the first instance 

10, the second instance 11 and the third instance 12, the 
processor measures a first time interval 13, a second time 
interval 14 and a third time interval 15. In an alternate 

embodiment, the processor 4 only processes the first signal 5 
and the second signal 6 to identify a feature 9 and the first 
instance of interest 10. The processor may use any number of 
Such combinations of the first and second signals 5, 6 to 
identify various first instances 10. Alternatively, the processor 
4 only processes the first, second and third signals 5, 6, 7 to 
identify the feature 9 and the first and second instances of 
interest 10, 11, and measures first interval 13. In another 
embodiment, the processor 4 processes the signals 5, 6, 7, 8 to 
identify feature 9 and the instances of interest 10, 11, 12 and 
need not measure the time intervals 13, 14, 15. 
The electrocardiogram 2 is a device to capture electrical 

activity of the heart of a human body. The electrical activity is 
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captured using electrodes maintained on the Surface of the 
skin of the human body, as well as through electrodes placed 
on various parts of the heart inside the human body via cath 
eter. 

The processor is a computing unit that receives electrocar 
diograph signals 5, 6, 7, 8 from the electrocardiogram 2 via 
the interface 3 and processes the signals to identify the first, 
second and third instances of interest 10, 11, 12 in the elec 
trocardiograph signals 6,7,8, respectively, and also measures 
the time intervals 13, 14, 15 from the first, second and third 
instances of interest 10, 11, 12. The processor 4 may also be 
any general purpose computer adapted to function for pro 
cessing the signals 5, 6, 7, 8, identifying the instances of 
interest 10, 11, 12, and measuring the time intervals 13, 14, 
15. 

The interface 3 is a device that may receive and transfer the 
electrocardiograph signals 5, 6, 7, 8. Alternatively, the inter 
face 3 may be enabled to transfer a data representation of the 
signals 5, 6, 7, 8. Alternatively, the interface 3 may be enabled 
to receive the signals 5, 6, 7, 8 in an electric form (e.g., 
format), convert the signals from the electric form into a data 
form (e.g., format), and further transfer the signals 5, 6, 7, 8 
into the data form. 

The electrocardiograph signals 5, 6, 7, 8 may be surface 
electrocardiograph signals or intracardiac electrograph sig 
nals. The Surface electrocardiograph signals are generated by 
the electrocardiogram 2 from the inputs received via (e.g., out 
of) leads placed (e.g., put) on the Surface of the skin of a 
human body. The intracardiac electrograph signals are gen 
erated by the electrocardiogram 2 from the inputs received via 
(e.g., out of) leads placed into different areas of the heart of 
the human body. In one embodiment, the first signal 5 is the 
Surface electrocardiograph signal and the second, third and 
fourth signals 6, 7, 8 are the intracardiac electrograph signals. 
The intracardiac electrograph signals may be any of high right 
atrium (HRA), coronary sinus proximal (CS), right ventricle 
(RV), His bundle proximal. His Bundle distal, or any other 
intracardiac electrograph signals that may be captured and 
recorded by the electrocardiogram 2. 
The processor 4 uses the Teager energy approach to iden 

tify the energy 16 and to process the second, third and forth 
signals 6, 7, 8 based on the energy 16 by mapping the energy 
16 on the electrocardiograph signals 6, 7, 8. In the Teager 
energy approach, the electrocardiograph signals 5, 6, 7, 8 are 
represented by: 

sin x(t) A sin(of) (I) 

A Teager energy operator to be applied to the signals 5, 6, 7, 
8 by the processor is represented by: 

The discrete approximation of the equation (II) is represented 
by: 

It follows from the above expressions that the instanta 
neous energy 6 of the signals 6, 7, 8 is mainly affected by the 
frequency and amplitude of the signal 6, 7, 8 at that instance. 
In one embodiment, the instances of interest 10, 11, 12 are 
identified when no stimulation pulse is applied in the RR 
interval and at least one of the second, third and fourth signals 
is available from the right atrium or coronary sinus. The 
processor may be adapted for cases in which one or more 
antegrade stimulation pulses are applied in the RR interval 
with stimulation at the right atrium or coronary sinus. In one 
diagnosis case, the measurements of interest include the AH, 
HV and AV intervals, e.g., first, second and third interval 13, 
14, 15. 

(III) 
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4 
For determining the AH, HV and AV intervals, the proces 

sor identifies the instances of interest A. Hand V, e.g., the first, 
second and third instances of interest 10, 11, 12. Further, the 
QRS complex is the feature 9 identified by the processor 4 
from the first signal 5, and the first signal is the surface 
electrocardiograph signal from the electrode placed onto the 
surface of the human body. 
The processor 4 processes the first electrocardiograph sig 

nal 5 to identify the feature 9, e.g., the QRS complex of the 
signal, and further processes the second electrocardiograph 
signal 6 to identify the energy 16 at various time instances and 
identifies the first time instance of interest 10, e.g., V, based on 
the feature9. The processor 4 maps the feature 9 onto one of 
the instances of the second signal 6 and examines a neighbor 
hood of the mapped instance and identifies the first time 
instance of interest 10, in accordance with the energy 16 in the 
neighborhood of the mapped instance. The processor 4 uses 
the Teager energy operator defined in equation (II) or equa 
tion (III) for identifying energy at various instances of the 
second signal 6. Before identifying the energy 16 at various 
instances, the processor 4 Smoothes and determines (e.g., 
finds) the threshold in the second signal 6. 

Further, the processor 4 processes the third signal 7 to 
identify the energy 16 of the third signal 7 at various time 
instances using the Teager energy operator as represented in 
equation (II) or (III). Before identifying the energy 16, the 
first instance of interest 10 is mapped onto the third signal 7. 
and the energy 16 is identified for the mapped instance of the 
third signal and V point of the third signal 7. Further, the 
processor 4 identifies a second time instance of interest 11, 
e.g., A, based on at least one of the feature 9 and the first time 
instance 10, e.g., V. The processor 4 further measures the first 
time interval 13 between the first instance of interest 10 and 

the second instance of interest 11, e.g., AV. Before identifying 
the energy 16 at various instances, the processor 4 Smoothes 
and determines (e.g., finds) the threshold in the third signal 7. 

Next, the processor 4 processes the fourth signal 8 to iden 
tify the energy 16 of the fourth signal 8 at various time 
instances between the first time interval 13 and to identify a 
third time instance of interest 12, e.g., H., based on at least one 
of the feature 9, the first time instance 10 and the second time 
instance 11. The processor further measures the second time 
interval 14, e.g., AH, between the third instance of interest 12 
and the second instance of interest 11, and measures the third 
time interval 15, e.g., HV. between the first instance of interest 
10 and the third instance of interest 12. Before identifying the 
energy 16 at various instances, the processor 4 Smoothes and 
determines (e.g., finds) the threshold in the fourth signal 8. 

With continued reference to FIG. 1, FIG. 2 depicts a 
graphical representation of the electrocardiograph signals 5. 
6, 7, 8 on the Y axis and time instances on the X axis. Each of 
the signals 5, 6, 7, 8 is represented by different graphs includ 
ing mapping of energy 16 on each of the signals 5, 6, 7, 8. 
When the processor 4 processes the first signal 5, the proces 
sor 4 identifies the feature 9, e.g., the QRS complex. Further, 
the processor 4 uses the feature 9 and the second signal 6 to 
identify the first instance of interest 10. The first instance of 
interest 10 is identified by mapping the energy 16 onto the 
second signal 6. The first instance of interest 10 is positioned 
where the energy 16 exhibits a sharp rise on the positive side 
of the Y axis. The processor 4 uses the first instance of interest 
10 and maps the first instance onto the third signal 7 and 
identifies the second point of instance 11 as where the energy 
16 exhibits a sharp rise on the positive side of the Yaxis. The 
processor 4 also measures the first interval 13 between the 
first and second instances of interest 10, 11. The processor 
further processes the fourth signal 8 by mapping the first 
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interval 13 onto the fourth signal and identifies the third 
instance of interest 12 where the energy 16 exhibits a sharp 
rise on the positive side of the Y axis. The processor also 
measures the second time interval 14 between the third 

instance of interest 12 and the second instance of interest 11, 
and measures the third time interval 15 between the first 
instance of interest 10 and the third instance of interest 12. 

It is to be understood that the elements and features recited 

in the appended claims may be combined in different ways to 
produce new claims that likewise fall within the scope of the 
present invention. Thus, whereas the dependent claims 
appended below depend from only a single independent or 
dependent claim, it is to be understood that these dependent 
claims can, alternatively, be made to depend in the alternative 
from any preceding or following claim, whether independent 
or dependent, and that such new combinations are to be 
understood as forming a part of the present specification. 

While the present invention has been described above by 
reference to various embodiments, it should be understood 
that many changes and modifications can be made to the 
described embodiments. It is therefore intended that the fore 
going description be regarded as illustrative rather than lim 
iting, and that it be understood that all equivalents and/or 
combinations of embodiments are intended to be included in 
this description. 

The invention claimed is: 
1. A system for processing electrocardiograph signals, the 

System comprising: 
a processor; and 
an interface to provide a first electrocardiograph signal and 

a second electrocardiograph signal from an electrocar 
diograph to the processor, 

wherein the processor is configured to receive the electro 
cardiograph signals, to process the first electrocardio 
graph signal to identify a feature of the first electrocar 
diograph signal, to process the second 
electrocardiograph signal to identify energy over time, 
and to identify a first time instance of interest based on 
the feature, and 

wherein the processor identifies the energy over time by 
Smoothing and determining a threshold in the second 
electrocardiograph signal. 

2. The system of claim 1, wherein the first electrocardio 
graph signal is a surface cardiograph signal. 

3. The system of claim 2, wherein the feature is a QRS 
region of the surface electrocardiograph signal. 

4. The system of claim 1, wherein the second electrocar 
diograph signal is an intracardiac electrograph signal. 

5. The system of claim 1, wherein the interface is config 
ured to provide a third electrocardiograph signal to the pro 
cessor and wherein the processor is configured to receive the 
third electrocardiograph signal, to process the third electro 
cardiograph signal to identify energy of the third electrocar 
diograph signal over time, and to identify a second time 
instance of interest based on at least one of the feature and the 
first time instance. 

6. The system of claim 5, wherein the processor is further 
configured to measure a first time interval between the first 
instance of interest and the second instance of interest. 

7. The system of claim 6, wherein the processor is further 
configured to receive a fourth electrocardiograph signal, to 
process the fourth electrocardiograph signal to identify 
energy of the fourth electrocardiograph signal over time 
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6 
within the first time interval and to identify a third time 
instance of interest based on at least one of the feature, the first 
time instance, and the second time instance. 

8. The system of claim 7, wherein the processor is further 
configured to measure a second time interval between the first 
instance of interest and the third instance of interest, and to 
measure a third time interval between the third instance of 
interest and the second instance of interest. 

9. A method of processing electrocardiograph signals, the 
method comprising: 

providing a first electrocardiograph signal and a second 
electrocardiograph signal from a electrocardiograph to a 
processor, 

processing the first electrocardiograph signal by the pro 
cessor to identify a feature of the first electrocardiograph 
signal; and 

processing the second electrocardiograph signal by the 
processor to identify energy over time by smoothing and 
determining a threshold in the second electrocardio 
graph signal and to identify a first time instance of inter 
est based on the feature. 

10. The method of claim 9, further comprising: 
transferring a third electrocardiograph signal to the proces 

sor by the interface, 
processing the third electrocardiograph signal by the pro 

cessor to identify energy of the third electrocardiograph 
signal over time and to identify a second time instance of 
interest based on at least one of the feature and the first 
time instance. 

11. The method of claim 10, further comprising: 
measuring a first time interval between the first instance of 

interest and the second instance of interest by the pro 
CCSSO. 

12. The method of claim 11, further comprising: 
transferring a fourth electrocardiograph signal to the pro 

cessor by the interface; and 
processing the fourth electrocardiograph signal by the pro 

cessor to identify energy of the fourth electrocardio 
graph signal over time within the first time interval and 
to identify a third time instance of interest on a basis of 
at least one of the feature, the first time instance, and the 
second time instance. 

13. The method of claim 12, further comprising: 
measuring a second time interval between the first instance 

of interest and the third instance of interest by the pro 
cessor, and 

measuring a third time interval between the third instance 
of interest and the second instance of interest by the 
processor. 

14. The method of claim 13, wherein the first, second, and 
third time intervals are the AH, HV, and AV intervals. 

15. The system of claim 8, wherein the first, second, and 
third time intervals are the AH, HV, and AV intervals. 

16. The method of claim 9, wherein the first, second, and 
third intervals are the AH, HV, and AV intervals. 

17. The system of claim 1, wherein the first, second, and 
third intervals are the AH, HV. and AV intervals. 

18. The system of claim 1, wherein the interface is config 
ured to receive the first and second electrocardiograph signals 
in an electric form and to convert the first and second elec 
trocardiograph signals from the electric form into a data form. 
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