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Abstract—The paper describes the main disturbance in the
pacemakers operation and existing methods of protecting
pacemakers from exposure to electromagnetic fields emitted by
electronic devices for various purposes. Methods such as
shielding enclosures and layout of electronic components inside
a pacemaker, using filters to isolate interference and heartbeat
signals, as well as improving stimulation control are
considered. The necessity of developing new approaches to
testing critical electronic devices, such as a pacemaker, at the
development stage is described.
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I. INTRODUCTION
Currently, there is widespread use of various
electronic equipment, devices, household appliances, mobile
phones, industrial sources of electromagnetic radiation,
medical therapy and diagnostic equipment, for example,
magnetic resonance imaging (MRI), as well as radio
frequency identification systems, etc. This fact makes more
stringent requirements for electromagnetic compatibility
(EMC) of electronic equipment, including equipment of
critical purpose, ensuring the maintenance of human life, for
example, pacemaker. A pacemaker is a device that reads the
patient’s pulse and, if necessary, stimulates the heart
muscle, which helps to overcome a number of diseases, such
as atrioventricular block, two-beam and three-beam blocks,
sinus node dysfunction, tachycardia, etc. [1]. Disturbance of
the operation of such devices can lead to serious
consequences up to death. That is why it is necessary to
increase the noise immunity of individual components and
the noise immunity of the pacemaker as a whole. To date,
there are a number of studies devoted to the effects of
electromagnetic fields (EMFs) of various sources on the
pacemaker, as well as methods of pacemaker protecting
from EMF.
When the EMF acts on a pacemaker, the following
device malfunctions are distinguished [2]: hyper detection,
which can cause a short termination of the stimulating
function of the pacemaker, asynchronous stimulation,
triggering ventricular stimulation mode with loss of
atrioventricular synchronization, increase or decrease of the
implanted device impulse, and erroneous recognition of
arrhythmia. In addition, EMF can heat the electrodes,
followed by thermal damage to body tissues. Despite
numerous research and development in the field of
implantable electronic devices, the restrictions on patients
with such devices are still extensive.
The purpose of this paper is to analyze the methods
of protection and ensuring the stability of the pacemaker
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work.
When solving the pacemaker EMC problem, design and
circuit methods are used. When designing the EMC, it is
necessary to determine the parameters of the excited radiated
interference, the intensity and direction, evaluate the
sensitivity of the blocks and units to this effect, and then
perform the layout of the electronic inside the pacemaker in
such a way as to minimize the effect of the radiated
interference. If EMC is not provided with a rational
arrangement, shielding of functional units and blocks
(receptors) sensitive to electromagnetic interference, or
shielding of field sources (interference sources) should be
used. In the case of interference penetrating the conductive
path and interference, circuitry methods are used. For
example, in [3], a method was proposed for protection
against magnetic fields generated by MRI, which includes a
magnetic field sensor for detecting the presence of a
relatively weak static magnetic field level equivalent to the
level of a permanent magnet in the immediate vicinity of the
device. The device switches from the standard operating
mode, in which the nominal functions of the device are
active, to a specific protected MRI mode in the presence of a
magnetic static field of a level corresponding to the level
emitted by MRI equipment.
II. SHIELDING AND LAYOUT
The results of using various shielding materials to
protect the pacemaker from EMF were presented [4 – 6]. So
in [7], the shielding properties of two materials (a rubber
sheet and a resistive film) were studied. It is established that
the shielding properties of the resistive film are higher than
that of a rubber sheet. Moreover, their size may vary within
the area exceeding the area of the pacemaker itself, without
changing the shielding properties. It is also noted that the
shielding material should provide shielding effectiveness of
about 10-20 dB with a distance of less than 6 cm between
the antenna and the human body.
It was shown that the rate of change of the level and
the power level itself are the reasons for the failure of the
pacemaker. In [8], five different commercial pacemakers in
22 complete configurations were used. The RC circuit is
modeled for two different input signals (linear and
constant), for a capacitance of 0.01 μF and a resistance of
376 Ohms, which gives τ = 3.62 μs. The maximum voltage
applied to the RC circuit is 8.3 V. The power of the 10 W
RF source, transmitting at 13.56 MHz, induces 8.3 V on the
pacemaker. The distance between the antenna and the
pacemaker is 15 cm. If reduction technology is not used, the
maximum output voltage of the RC circuit exceeds 30 mV
(much more than the sensitivity of heart rate sensors). When
using the attenuation method with a slope of 80 W/s, the
maximum output current of the RC circuit is approximately
0.25 mV (equal to the sensitivity of heart rate monitoring
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devices). When the attenuation method is applied with a
slope of 50 W/s, the maximum output current of the RC
circuit is approximately 0.15 mV (less than the sensitivity of
the cardiac rhythmic control devices). Also, to confirm the
simulation, a series of experiments was carried out in which
200 test cases were investigated. Using the proposed
interference mitigation technique, the interference was
successfully eliminated in all cases. Maximum power
consumption ranges from 0.001 W to 10 W. The
experiments were conducted for different frequencies using
a commercial pacemaker and a human torso model.
Typically, the sensitivity of the pacemaker may vary from
0.1 to 2.5 mV. It was experimentally established that the
time constant for the pacemaker is from 2 to 27 μs. The
carrier wave signal, which increases and decreases with
speed as a function of power, does not interfere with the
operation of the pacemaker.
The applicability of the EMF registration function for
identifying interference sources was evaluated [9]. The
pacemaker was exposed to a wide range of magnetic fields.
In cases where the pacemaker experienced interference, the
time of failure was compared with a graph of the effect of a
magnetic field. The study showed that the source of
interference can be identified by combining failure times and
diary records of patient activity. To investigate this, a
Helmholtz coil setup was created to create magnetic fields
that were measured with an oscilloscope. A model was
placed between Helmholtz coils and measured in three
orthogonal directions. You can select the waveform (sine
wave, pulse, and so on) and the characteristics of certain
waveforms (for example, rise time), frequency (1 Hz - 200
kHz), amplitude, exposure duration and rest time between
influences. The magnetic field strength can be accurately
calculated from the analytical formula for Helmholtz coils.
By comparing the protocol schedule and the data of the
pacemaker, it was possible to identify the conditions that
caused the interference.
III. USING FILTERS
A number of studies are aimed to study the use of
filters to isolate electromagnetic interference. For example,
the design and installation of a broadband ceramic
capacitive filter to protect the pacemaker from the
electromagnetic field of handheld wireless devices and other
RF transmitters. Studies have shown that in the presence of
a developed filter, the pacemaker is resistant to
electromagnetic fields from telephones operating at
950 MHz and 1.8 GHz [10]. It is not practical every time to
determine the modulation frequencies, pulse repetition rate
or power levels of all emitters that can affect the pacemaker,
therefore, a broadband EMF filter is required. This filter
assumes significant (> 40 dB) attenuation over a wide
frequency range (from 30 MHz to 10 GHz) [11].
In [12], a pass-through filter of electromagnetic
interference with capacitive grounding for a pacemaker was
described. The filter offers the developer the ability to limit
the number of capacitance circuits to ground, while
providing an effective common mode and differential mode
of EMF attenuation. The filter becomes part of the
continuous electromagnetic shield in which the electronic
device is located.
Butterworth bandpass filter using a stepped Gm-C
structure to detect heart rate was proposed. The designed

filter provides a wide passband covering the range from 80
MHz to 105 MHz with a center frequency of 94.45 MHz,
and the quality factor is -3.5 dB. Total power consumption
is 42.25 mW [13].
The fourth-order low-power bandpass filter with a
switched capacitor for the pacemaker was implemented on a
standard 0.18-micron CMOS processor [14]. The sampling
frequency of the developed filter is 5 kHz, and the passband
is between 80 Hz and 120 Hz. The total power consumption
is only 200 nW when using a 1.2 V power supply. The
maximum free dynamic range is 72 dB.
Development and implementation of an adjustable
bandwidth amplifier designed for ultra low power
biomedical implants at 65 nm nm CMOS, providing a
tunable gain band in three modes: 0.9 MHz, 1.7 MHz and 2.3
MHz with constant DC gain 56 dB was presented. [15] the
amplifier consumes a constant power of 180 nW in lowbandwidth mode and 315 nW in full-bandwidth mode with a
load of 8 pF from a supply voltage of 0.9 V.
Pacemaker electrodes constantly monitor the patient's
heart signals, so they should always stay on. As a result, it is
very important that the system consumes less energy,
therefore, a continuous Gm-C filter is presented, which
implements the identical function of transmitting a
smoothing filter for the pacemaker in a fully integrated form
without external capacitors. In addition, since current
consumption is a critical performance parameter for the
pacemaker, each filter is designed to consume less than 20
nA. In [16], the effects of nonideality of the amplifier, such
as linearity, noise, displacement, and leakage in the filter,
are eliminated. The filter can be made for any signal on a
0.18 micron CMOS processor.
In [17], a preamplifier with a programmable gain and a
filter for detecting spontaneous cardiac activity in a
pacemaker were presented. The system is fully integrated in
standard 0.35-micron CMOS technology, including all
auxiliary circuits. The implemented system can operate up to
1.8 V of the supply voltage and consunes no more than
1.8 μA, with a tolerance of 47 dB dynamic range. According
to the measurement results, both channels show the expected
programmed gain and realize a biquad filter with a quality
factor of about 2 and a central frequency of 105 and 72 Hz
for the atrial and ventricular channels, respectively.
IV. PACEMAKER CONTROL
In modern pacemakers, the onset of the reaction is
from 2.5 to 26, and the resynchronization time is from 3.4 to
143. Therefore, a beating detection algorithm was proposed
based on the amplitude difference between the maximum
and minimum to accurately determine the frequency of atrial
contractions, providing faster switching modes [18]. The
result showed a sensitivity of 96.64% and a positive
prognostic value of an average of 95.5%.
Several approaches to detecting hidden pulses of a
pacemaker in an electrocardiogram were described [19].
There were used the wavelet transform, the Hilbert-Huang
transform, linear and nonlinear filters. It was shown that
they can be used to determine the signal and detect hidden
impulses. The results will also be useful to extend the life of
the pacemaker and reduce pain in patients.
A 1.8 V analog input signal heart rate detector was
presented, which includes a preamplifier cascade and a filter

978-1-7281-4401-6/19/$31.00 ©2019 IEEE

0200

2019 International Multi-Conference on Engineering, Computer and Information Sciences (SIBIRCON)

designed to reduce the flicker noise of the device in the
electrocardiogram band [20]. A special feedback mechanism
has been applied to increase the signal-to-noise ratio. The
amplifier will achieve 87.5 dB dynamic range free of
spurious frequencies with a total power consumption of
0.354 mW in combination with a filter.
A two-phase pulse pacemaker was also developed
and implemented, low-energy treatment was applied during
atrial stimulation, and the traditional stimulation mode was
replaced, which has potential dangers and disadvantages
[21]. Based on keyboard input, the microcontroller system
adjusts the initial value of the timer and issues a regular
pulse shape. Compared to the traditional shock stimulation
regime, this system is characterized by a high degree of
safety, low risk, controllability and economy.
An improvement in the design of the control system
for the effective regulation of the heart rate of a pacemaker
was presented [22]. In the proposed method, controller
performance is improved through a performance
improvement cycle. The simulation results were obtained on
the developed human cardiovascular system, and they
showed that the proposed PID-regulator provides excellent
control characteristics compared to a conventional regulator.
An advanced intelligent control for the pacemaker
using a fuzzy PID controller was introduced [23]. The FPID
controller provides a good adaptation of the heart rate to the
physiological needs of the patient in three different
conditions (rest, walking and exercise). Based on dual
sensors, a combination of fuzzy logic and conventional PID
control approaches is used to create the controller.
Compared to a conventional fuzzy logic control algorithm,
FPID provides a more suitable control strategy for
determining the frequency of stimulation. Based on the
Ziegler-Nichols tuning method, a reliable proportional
integral controller with fractional order has been developed
[24]. The robust controller of proportional integral
derivative of fractional order was superior to controllers
with proportional integral derivatives with various tuning
methods, as well as controllers with fuzzy logic with respect
to rise time, settling time and percentage of overshoot. The
fractional order proportional integral derivative controller
also demonstrated adaptive speed stimulation. However, the
developed controller is not optimal and is limited by the
setup procedure. More effective may be a development that
provides optimal control of the pacemaker using a genetic
algorithm.
The design and analysis of an intelligent control
system for regulating heart rate was presented [25]. To
achieve optimality, a genetic algorithm is used. The
controllability and observability of the entire system is
verified and recognized as the best for the proposed system.
A specialized integrated circuit (IC) for threechamber pacemaker was presented [26]. ICs are
manufactured using BCD technology of 0.35 μm with a
crystal area of 3.8 × 3.8 mm2. The measurement results
show that the magnitude of the stimulation pulses can be
programmed from 0.1 to 7.4 V in increments of 0.1 V. Close
to a linear measurement of cardiac resistance is achieved in
the resistance range from 250 to 4000 Ohm. The average
current consumption is 4 μA from a 2.8 V power supply.
Extending the time of use of a pacemaker was considered
[27]. The processor is considered as the main device because

it controls all peripheral devices. Therefore, creating a low
power processor architecture would be a good approach. In
addition, the power shutter technology has been found to be
excellent for reducing power consumption. Power gating is a
method of saving leakage energy by turning off the power of
the idling units using power switches. Power switches,
usually transistors, are used to connect or disconnect a
function block to a power source. As a result, energy
consumption is reduced to 25%.
V. CONCLUSION
The main problems in the work of the pacemaker and
the existing ways to overcome these problems are
highlighted. Unfortunately, despite numerous research and
development in the field of implantable electronic devices,
for patients this is still associated with many limitations.
These restrictions are caused by the influence of
electromagnetic fields of various sources found in the
everyday life of any person, such as radiation from mobile
phones, radio frequency identification systems, frames,
wireless communication systems, magnetic resonance
imaging.
All this makes it necessary to develop new approaches to
the design of implantable electronic devices that provide
greater noise immunity and durability of such devices. In
particular, it is necessary to apply new approaches to testing
electronic devices and analyzing risks for the human body
when using them.
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