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(54) A DEVICE FOR DETECTING THE QRS COMPLEX OF ELECTROCARDIOGRAM SIGNAL

(57) The subject of the invention is a device for de-
tecting the QRS complex of an ECG electrocardiogram
signal applicable in biomedical diagnostics.

The device has ABS_DIFF_SHORT_MODULE 2
and ABS_DIFF_LONG_MODULE 3, the inputs of which
are connected to the ECG_MODULE 1 measuring mod-
ule output, and the ABS_DIFF_SHORT_MODULE 2
module output is connected to one of the COMP 4 com-
parator inputs, and the output of the
ABS_DIFF_LONG_MODULE 3 module is connected to
the input of the PEAK_DETECTOR 5 detection module.
The COMP 4 comparator output is connected to the
PULSE GENERATOR 6 pulse generator input. The out-

put of the PULSE GENERATOR 6 pulse generator is
connected to the gating input of the PEAK_DETECTOR
detection module and to the R_AMPLITUDE_MEMORY
8 memory recording module input and to the
R_TIMESTAMP_MEMORY 9 memory recording module
input. The output of the PEAK_DETECTOR 5 detection
module is also connected to the
R_AMPLITUDE_MEMORY 8 and
R_TIMESTAMP_MEMORY 9 memory module inputs,
and the R_AMPLITUDE_MEMORY 8 memory module
output is connected to the TH_MODULE 7 module input.
The TH_MODULE 7 module output is also connected to
one of the COMP 4 comparator inputs.
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Description

[0001] The subject of the invention is a device for de-
tecting the QRS complex of an electrocardiogram (ECG)
signal applicable in biomedical diagnostics.
[0002] A device for monitoring the ECG signal, con-
sisting of technical means for measuring the pulse, filters
and amplifiers for noise elimination and amplification of
the diagnostically useful signal, and a computer pro-
grammed to suppress frequency components below 15
Hz and above 25 Hz and to amplify the R waves in the
QRS signal is known from the American patent descrip-
tion US5738104.
[0003] There is a device and a method known from the
patent US5188116 for electrocardiographic tests, the de-
vice which is a system for analyzing electrocardiographic
activity for the detection of ischemic heart disease, con-
sisting of tools for detecting a multiplicity of periodic elec-
trocardiographic signals, a memory unit storing these sig-
nals, a microprocessor capable of calculating collective
cycles for each signal, detecting and storing the ampli-
tude characteristics of the signals, as well as determining
the variance of the signals and modifying them, further-
more of technical means for determining the degree of
coronary artery disease. The patent also describes a
method of analyzing electrocardiographic activity for the
detection of ischemic heart disease, including collecting
and storing electrocardiographic signals, establishing a
cumulative cycle for each signal, determining the vari-
ance of each signal and the total variability of all signals,
and then determining the size of the coronary heart dis-
ease on their basis.
[0004] The essence of a device for detecting the QRS
complex in a electrocardiogram signal connected to a
ECG signal measurement module is that it has an
ABS_DIFF_SHORT_MODULE module that determines
the signal being the difference of the current momentary
value of the ECG signal and an average SHORT_AVG
value of the ECG signal, calculated for a T_SHORT time
segment of a fixed length, and an
ABS_DIFF_LONG_MODULE module, which deter-
mines the signal being the difference of the current mo-
mentary value of the ECG signal and the average
LONG_AVG value of the ECG signal calculated for the
T_LONG time segment of a fixed length, the inputs of
which are connected to the output of a ECG_MODULE
measuring module of the ECG signal. The
ABS_DIFF_SHORT_MODULE module output is con-
nected to one of a COMP comparator inputs. The output
of the ABS_DIFF_LONG_MODULE module is connect-
ed to the input of a PEAK_DETECTOR detection module,
adapted to detect during the SEARCHING_WINDOW
time window to search for the R wave in the QRS complex
of the maximum value of the signal being the difference
of the current instantaneous value of the ECG signal and
its mean LONG_AVG value, calculated for the time seg-
ment T_LONG, is considered the amplitude of the R wave
in the QRS complex, and also adapted to detect the in-

stant of occurrence of the maximum value of the signal
determined in this way, which is considered to be the
instant of the R wave in the QRS complex. The output of
the COMP comparator is connected to the input of the
PULSE GENERATOR, which generates a pulse with the
duration of the SEARCHING_WINDOW time window
used to search for the R wave in the QRS complex of the
ECG signal. The output of the PULSE GENERATOR
pulse generator is connected to the gating input of the
PEAK_DETECTOR detection module and to a
R_AMPLITUDE_MEMORY memory recording module
input to store information about the R wave amplitude of
the ECG signal, and to a R_TIMESTAMP_MEMORY
memory recording input to store information about the
R-wave occurrence of the ECG signal. The
PEAK_DETECTOR detection module output is also con-
nected to the R_AMPLITUDE_MEMORY and
R_TIMESTAMP_MEMORY memory module inputs. The
output of the memory module
R_AMPLITUDE_MEMORY is connected here with the
input of a TH_MODULE module, adapted to determine
the current threshold value TH on the basis of the ampli-
tudes of R waves detected with the PEAK_DETECTOR
detection module and stored with the memory module
R_AMPLITUDE_MEMORY in the previous QRS com-
plexes of the ECG signal. The TH_MODULE output is
also connected to one of the COMP comparator inputs.
[0005] The device for detecting the QRS signal in the
electrocardiogram signal, thanks to the subtraction op-
eration of the current instantaneous value of the ECG
signal to its average values, calculated respectively for
the T_SHORT and T_LONG time segments in the
ABS_DIFF_SHORT_MODULE and
ABS_DIFF_LONG_MODULE modules, is resistant to
noise and disturbances occurring during the measure-
ment of the signal, electrocardiograms. In addition, by
continuously adjusting the TH threshold value used to
determine the start of the SEARCHING_WINDOW time
window for searching for the R wave in the QRS complex
to the TH threshold determined in the previous QRS de-
tection cycle and to the amplitude of the R wave in the
current QRS detection cycle, by means of the
TH_MODULE module reduces the sensitivity of R-wave
detection to transient fluctuations in the maximum range
of changes in the value of the electrocardiogram signal
that may occur during the measurement of the ECG sig-
nal.
[0006] The subject matter of the invention is now
shown in the drawing, which shows a block diagram of
the device for detecting the QRS complex showing its
modules and the connections between them.
[0007] List of device elements with a description of their
functions:

(1) ECG_MODULE - electrocardiogram (ECG) sig-
nal measurement module,
(2) ABS_DIFF_SHORT_MODULE - module that de-
termines the ABS_DIFF_SHORT signal, which is the
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difference between the current instantaneous value
of the ECG signal and the average SHORT_AVG
value of the ECG signal calculated for the fixed length
T_SHORT time interval,
(3) a module that determines the ABS_DIFF_LONG
signal, being the difference between the current in-
stantaneous value of the ECG signal and the aver-
age LONG_AVG value of the ECG signal calculated
for the T_LONG time interval of a predetermined
length,
(4) COMP - comparator,
(5) PEAK_DETECTOR - detector of the maximum
value of the ABS_DIFF_LONG signal during the
SEARCHING_WINDOW time window for searching
for the R wave in the QRS complex,
(6) PULSE GENERATOR - a pulse generator which,
after the triggering signal appears, generates a pulse
of a fixed duration equal to the
SEARCHING_WINDOW time window for searching
for the R wave in the QRS complex of the ECG signal,
(7) TH_MODULE - module that determines the
threshold TH value for the ABS_DIFF_SHORT sig-
nal, used to define the beginning of the
SEARCHING_WINDOW time window for searching
for the R wave in the QRS complex of the ECG signal,
(8) R_AMPLITUDE_MEMORY - memory module for
storing information on the amplitude of the maximum
values of the LONG_ABS_DIFF signal in subse-
quent cycles of the ECG signal, which are consid-
ered as the amplitudes of R waves in subsequent
QRS complexes of the ECG signal,
(9) R_TIMESTAMP_MEMORY - memory module for
storing information about the times of the maximum
LONG_ABS_DIFF signal values in subsequent cy-
cles of the ECG signal, which are considered to be
the times of R wave occurrence in subsequent QRS
complexes of the ECG signal.

[0008] An ECG_MODULE 1 measurement module of
the ECG signal includes a sampling-memory circuit that
provides ECG signal samples at 250 Hz frequency and
an analog-to-digital converter that converts the ECG sig-
nal sample values into a digital word with 6-bit resolution.
An ABS_DIFF_SHORT_MODULE 2 and
ABS_DIFF_LONG_MODULE 3 modules contain a mi-
croprocessor that calculates the difference between the
digital representation of the current instantaneous value
of the ECG signal and the corresponding mean
SHORT_AVG value of the ECG signal, calculated for the
T_SHORT time segment with a length of 55 ms and the
average value of the LONG_AVG of the ECG signal for
the T_LONG time segment with a length of 277 ms.
[0009] The PULSE GENERATOR 6 pulse generator
is designed as a monostable trigger which, when trig-
gered, generates a positive pulse with a duration of 200
ms. The pulse generated by the PULSE GENERATOR
6 pulse generator also determines the duration of the
SEARCHING_WINDOW time window, during which the

R wave is searched for in the QRS complex of the ECG
signal and activates the PEAK_DETECTOR 5 detection
module by connecting the PULSE GENERATOR 6 pulse
generator output to the module’s gating input (enable) of
the PEAK_DETECTOR 5. The PEAK_DETECTOR 5 de-
tection module comprises a microprocessor which,
based on the output of the ABS_DIFF_LONG_MODULE
3 module, performs a detection of the maximum value of
the ABS_DIFF_LONG signal during the
SEARCHING_WINDOW time window. The detected
maximum value of the ABS_DIFF_LONG signal during
the SEARCHING_WINDOW time window is considered
as information about the R wave amplitude. At the same
time, the microprocessor in the PEAK_DETECTOR 5 de-
tection module, using an internal clock signal generator,
performs the determination of the intervals between the
moments of occurrence of R waves in adjacent QRS of
ECG signal complexes by calculating the number of clock
signal periods within a time interval defined by the times
of occurrence of R waves in adjacent QRS complexes
of the ECG signal.
[0010] The output of the PULSE GENERATOR 6 pulse
generator is connected to the input of the
R_AMPLITUDE_MEMORY 8 recording module and to
the output of R_TIMESTAMP_MEMORY 9. The trailing
edge of the positive pulse generated by the pulse gen-
erator PULSE GENERATOR 6 writes to the
R_AMPLITUDE_MEMORY 8 memory module informa-
tion about the R wave amplitude and writes to the
R_TIMESTAMP_MEMORY 9 memory module informa-
tion about the times of occurrence of R waves in the QRS
complexes of the ECG signal.
[0011] The TH_MODULE 7 module for determining the
TH threshold value, used to detect the start of the timing
using the PULSE GENERATOR 6 pulse generator, the
beginning of the SEARCHING_WINDOW time window
contains a microprocessor which, based on the TH
threshold value determined by the TH_MODULE 7 mod-
ule in the previous QRS detection cycle and stored in the
R_AMPLITUDE_MEMORY 8 memory module of the R
wave amplitude information in the QRS complex in the
current ECG signal cycle determines a new TH threshold
value to detect the start of the SEARCHING_WINDOW
time window in the next ECG signal QRS detection cycle.
[0012] The electrocardiogram (ECG) signal, repre-
senting the electrical activity of the patient’s heart, is re-
ceived with the ECG_MODULE 1 measurement module
via electrodes attached to the patient’s body. The ECG
signal can be reduced to a sequence of positive and neg-
ative deviations (waves) from the isoelectric line, which
corresponds to the time periods during which no heart
beats are detected. The group of the largest waves,
called the QRS complex, consists of a negative deflection
(Q wave), a positive deflection (R wave), and a negative
second deflection (S wave). The R wave usually has the
highest amplitude in the QRS complex. The detection of
the QRS complex is often reduced to the detection of the
R wave. The statistics of the time intervals between the
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R waves and the amplitudes of the R waves is an impor-
tant diagnostic information, used in medicine, among oth-
er things, to recognize the work of the heart.
[0013] In the solution according to the invention, when
detecting each QRS complex in the ECG signal by means
of the ABS_DIFF_SHORT_MODULE 2 module, the
ABS_DIFF_SHORT signal is determined on the basis of
the ECG signal, which is the difference of the current
instantaneous value of the ECG signal and the mean
SHORT_AVG value of the ECG signal calculated for the
T_SHORT time segment with a length equal to 55 ms.
At the same time, the ABS_DIFF_LONG_MODULE 3
module determines the ABS_DIFF_LONG signal, which
is the difference between the current instantaneous value
of the ECG signal and the average LONG_AVG value of
the ECG signal calculated for the T_LONG time interval
of 277 ms. Monitoring of the ABS_DIFF_SHORT signal
is aimed at detecting the beginning of the rising edge of
the ECG signal preceding the occurrence of the R wave
in the QRS complex, and subtracting the current value
of the ECG signal from the average SHORT_AVG value
is aimed at filtering out any noise and disturbances in the
ECG signal received by the ECG_MODULE 1 measuring
module.
[0014] The SHORT_ABS_DIFF signal available at the
output of the ABS_DIFF_SHORT_MODULE 2 module is
continuously compared by means of the COMP 4 com-
parator with the set value threshold TH, determined by
the TH_MODULE 7 module. The detection of the
ABS_DIFF_SHORT signal reaching a predetermined TH
threshold is taken as the start of the rising edge of the
ECG signal preceding the R-wave in the QRS complex.
When the moment the ABS_DIFF_SHORT signal reach-
es the set TH value threshold is detected, the COMP 4
comparator, by means of an appropriate signal on its
output, starts generating a 200 ms pulse using the
PULSE GENERATOR 6 pulse generator, which deter-
mines the SEARCHING_WINDOW time window, during
which the R wave is searched for in the QRS complex of
the ECG signal. The pulse generated at the output of the
pulse generator PULSE GENERATOR 6 with its active
logic level activates the PEAK_DETECTOR 5 detection
module, which records the maximum value of the
ABS_DIFF_LONG signal generated at the output of the
ABS_DIFF_LONG_MODULE 3 module during the
SEARCHING_WINDOW time window.
[0015] Subtracting the current instantaneous value of
the ECG signal from the average LONG_AVG value is
designed to filter out possible noises and interferences
in the ECG signal received by the ECG_MODULE 1
measuring module.
[0016] With the PEAK_DETECTOR 5 detection mod-
ule, the instant of occurrence of the detected maximum
value of the ABS_DIFF_LONG signal during the
SEARCHING_WINDOW timezone is also recorded.
[0017] The maximum value of the ABS_DIFF_LONG
signal produced at the output of the
ABS_DIFF_LONG_MODULE 3 module during the

SEARCHING_WINDOW time window is considered to
be the R wave amplitude in the QRS complex of the ECG
signal. In turn, the moment the R wave appears in the
QRS complex of the ECG signal is considered to be the
moment of the detected maximum value of the
ABS_DIFF_LONG signal during the
SEARCHING_WINDOW time window.
[0018] Then, when the trailing edge of the pulse gen-
erated at the output of the PULSE GENERATOR 6 pulse
generator occurs, the maximum value of the
LONG_ABS_DIFF signal previously detected by the
PEAK_DETECTOR 5 module is recorded using the
R_AMPLITUDE_MEMORY 8 module, and the moment
of the maximum signal value is saved using the
R_TIMESTAMP_MEMORY 9 module.
ABS_DIFF_LONG during the SEARCHING_WINDOW
time window.
[0019] Then, by means of the TH_MODULE 7 module,
a new threshold value TH is determined for detecting the
start of timing by the pulse generator PULSE GENERA-
TOR 6 the beginning of the SEARCHING_WINDOW time
window. The new threshold value TH is determined from
the threshold value TH determined by the TH_MODULE
7 module in the previous QRS detection cycle and re-
corded with the PEAK_DETECTOR 5 detection module
and the R-wave amplitude in the QRS complex stored in
the R_AMPLITUDE_MEMORY 8 memory module in the
current QRS complex detection cycle in such a way that
the TH threshold in a given detection cycle of the QRS
complex is the sum of the product of the TH threshold
determined in the previous detection cycle of the QRS
complex and a scaling factor less than one and the prod-
uct of the R wave amplitude recorded in the current QRS
complex detection cycle, one minus the scaling factor,
and a weighting factor also less than one, where the
threshold of the TH value before the first detection cycle
of the QRS complex is determined using the
TH_MODULE 7 module in the form of a product of a
weighting factor lower than one and the maximum value
of the ECG signal calculated for a time segment equal
to one second. Then the value of the SHORT_ABS_DIFF
signal produced at the output of the
ABS_DIFF_SHORT_MODULE 2 module based on the
ECG measurement signal provided by the
ECG_MODULE 1 ECG measurement module is com-
pared again with the set threshold of the TH value using
the comparator COMP 4, and the cycle is repeated.

Claims

1. A device for detecting a QRS complex of an electro-
cardiogram (ECG) signal with a connection to the
ECG signal measurement module, characterized
by that it comprises an
ABS_DIFF_SHORT_MODULE (2) module that de-
termines the signal being the difference of the current
instantaneous value of the ECG signal and an aver-
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age SHORT_AVG value of the ECG signal calculat-
ed for a T_SHORT time interval with a predetermined
length, and an ABS_DIFF_LONG_MODULE (3)
module, which determines the signal being the dif-
ference of the current instantaneous value of the
ECG signal and an average LONG_AVG value of
the ECG signal calculated for the T_LONG time in-
terval of a fixed length, inputs of which are connected
to an output of a ECG_MODULE (1) measuring mod-
ule of the ECG signal, while the
ABS_DIFF_SHORT_MODULE (2) module output is
connected to one of a COMP (4) comparator inputs,
and the ABS_DIFF_LONG_MODULE (3) module
output is connected to a PEAK_DETECTOR (3) de-
tection module input, adapted to detect during a
SEARCHING_WINDOW time window to search for
a R wave in the QRS complex, the maximum value
of the signal being the difference of the current in-
stantaneous value of the ECG signal and its average
LONG_AVG value calculated for the T_LONG time
segment, which is considered the amplitude of the
R wave in the QRS complex, and at the same time
is adapted to detect the time of the occurrence of the
maximum value of the signal determined in this way,
which is considered to be the moment of the R wave
occurrence in the QRS complex, with the output of
COMP (4) comparator connected to the input of the
PULSE GENERATOR (6) pulse generator, which
generates the pulse with the time duration of the
SEARCHING_WINDOW time window, which is used
to search for the R wave in the QRS complex of the
ECG signal, while the output of the PULSE GENER-
ATOR (6) pulse generator is connected to the gating
input of the PEAK_DETECTOR (5) detection module
and to an input of R_AMPLITUDE_MEMORY (8)
memory recording module for storing information
about the R wave amplitude of the ECG signal, and
also with the input of a R_TIMESTAMP_MEMORY
(9) memory recording module for storing information
about the R wave occurrence of the ECG signal,
while the PEAK_DETECTOR (5) detection module
output is also connected to the
R_AMPLITUDE_MEMORY (8) and
R_TIMESTAMP_MEMORY (9) memory module in-
puts, and the output of the memory module
R_AMPLITUDE_MEMORY (8) is connected to the
input of a TH_MODULE (7) module, adapted to de-
termine a current threshold value TH based on the
detected with the PEAK_DETECTOR (5) detection
module and stored with the
R_AMPLITUDE_MEMORY (8) amplitude of the R
wave in the previous QRS complexes of the ECG
signal, with the output of the TH_MODULE (7) mod-
ule also connected to one of the comparator COMP
(4) inputs.
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