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Introduction 

The various kinds of In-body devices are:  

a) Implantables: devices that are implanted inside the 
human body.  

b)    Ingestibles: devices that are ingested like regular 
pills.  

c) Injectables devices that are injected into the 
human body via needles.  

We study in detail about the Implantable 
pacemakers. According to the study in 1958, an 
engineer Earl Bakken of Minneapolis, Minnesota, 
produced the first wearable external pacemaker for a 
patient of C. Walton Lillehei. This transistorized 
pacemaker, housed in a small plastic box, had 
controls to permit adjustment of pacing heart rate 
and output voltage and was connected to 
electrode leads which passed through the skin of the 

patient to terminate in electrodes attached to the 
surface of the myocardium of the heart.  

The preceding implantable devices all suffered from 
the unreliability and short lifetime of the available 
primary cell technology which was mainly that of 
the mercury battery. But this development was 
overtaken by the development of the lithium iodide 
cell. Lithium-iodide or lithium anode cells became 
the standard for future pacemaker designs. The 
devices are roughly the size and shape of a pill, much 
smaller than the size of a traditional pacemaker. 
Once implanted, the device's prongs contacts the 
muscle and stabilizes the heartbeat. 

In-body medical devices can play an important role 
in clinical monitoring and diagnosis of diseases. 
Wireless pacemakers implanted within a patient have 
to be physically small, and must overcome the 
challenges of having a little or no onboard electrical 
power and the highly attenuating electromagnetic 
propagation environment which is the human body. 
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There are many diseases that may critically affect the 
normal functioning of the human body.  Some of 
them are severely difficult to cure by sole 
administration of medicines or by the self-recovery 
mechanisms of the human body. So there has been a 
significant growth in the number of patients that 
require implantable medical devices for proper 
functioning of the body. In such cases we have 
implantable devices such as pacemakers. 

According to valid national and European legislation, 
cardiac pacemaker technology falls into a group of 
active implantable medical devices (AIMD).Our study 
is to analyze the communication between the 
pacemakers. The communication between the 
Inverted F antenna that transmits data to the 
microstrip patch antenna at the receiver and the 
benefits of the pacemaker and the performance 
issues of the antenna that can be resolved. 

The rest of the paper is organized as follows: Section 
2 describes the literature survey on the 
communication between the pacemakers and the 
various performance issues that can be resolved 
which is described in this paper. Section 3 describes 
the design of the pacemaker. Section 4 describes the 
applications of pacemaker. Section 5 describes the 
disadvantages of pacemakers. And finally, Section 6 
provides the conclusion of our study.   

Literature Survey: 

In the pacemaker there are various factors to be 
considered before inserting it into the human body. 
A suitable platform is required in order to provide an 
accurate result. 

The various factors to be considered are the 
operational frequency, the wireless interface and 
biocompatibility. The wireless antenna is used to 
transmit the data periodically, so that the smallest 
change in the rate of the heart beat is identified.  The 
design of In-body devices is typically performed on 
analytical models of the human body. Experimental 
validation is further performed in two ways: a) In-
vitro using phantoms that imitate the electrical 
properties of biological tissues in the human body 
and b) In-vivo using animals and potentially human 
subjects [1]. 

Now researchers seek to go wireless. The pacemaker 
called the wireless cardiac stimulation (WiCS) system, 
a wireless electrode replaces one or more leads. 
Wireless signaling is not new to pacemakers-doctors 
have been using wireless pacemakers in the past few 
years and are being able to communicate with them 
via the internet or even smart phones. The ultimate 

goal is to eliminate all wire leads, making the 
pacemaker easier to implant. 

In this paper we study about a wireless pacemaker 
that has an antenna installed inside the human body 
to communicate regularly. 

The wireless pacemakers used inside the human 
body has various capabilities such as gathering 
information for monitoring and follow-up of the 
patient’s conditions. There is a follow-up session 
during which the pacemaker is checked using a 
"programmer" that can communicate with the device 
and allows a health care professional to evaluate the 
system's integrity and determine the settings such as 
pacing voltage output. In such applications, an 
antenna is installed on a pacemaker in order to 
transmit the data by wireless link. 

The antenna used in the pacemaker uses a center 
frequency of 915MHz. The transmitting power 
chosen is 0.1mW. The antenna is made up of copper 
and has the dimensions of 14mmX4mmX0.1mm and 
the shape of the antenna is sneak shaped [2].The 
communication is through the ultrasound that 
penetrates through the heart muscles consistently 
and efficiently to transfer energy to the wireless lead. 
The data is then transferred to the outside receiver. 
Since the pacemaker uses batteries, the device itself 
will need replacement as the batteries lose power.  

To provide the necessary safety assurance for 
pacemaker software, both testing and verification of 
the code, as well as testing the entire pacemaker 
hardware in the loop is necessary. In [3], they present 
a hardware testbed that enables detailed hardware-
in-the-loop simulation and energy optimization of 
pacemaker algorithms with respect to a heart model. 
Both the heart and the pacemaker models are 
encoded in Simulink/Stateflow and translated into 
executable code, with the pacemaker executed 
directly on the microcontroller. They use a parameter 
synthesis algorithm which optimizes the timing 
parameters based on the power consumption. 

The antenna used at the receiver has some 
performance issues that can be resolved by stacking 
two antennas one on top of the other to improve the 
performance. In [4], the demand of microstrip patch 
antenna is increasing day by day with the rapid 
growth of wireless communications because of their 
advantages such as low-profile, small size, light 
weight, simple and inexpensive. The microstrip patch 
antenna used has some operational issues, these 
issues can be solved by stacking the antenna on each 
other. 
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As pacemakers are linked to the human life, hence 
pacemakers are considered as safety critical system. 
In [5], Formal methods have been applied in 
designing safety critical systems with desirable 
properties. A formal model of pacemaker is 
proposed, alongside modeling its behaviors and its 
communication with the external environment. 
Critical properties, such as deadlock freeness and 
heart rate limits are then verified using the model 
checker PAT(Process Analysis Toolkit). 

Design 

In [2], the antenna is installed inside the plastic box 
and is connected at two points to the metal box. The 
antenna is made up of copper and has the 
dimensions 14mmX4mmX0.1mm. The antenna has 
an influence of return loss and that can be simulated. 

 

Fig 1: The pacemaker with inverted F antenna  (a)ZY View 

(b) ZX View        

In the receiver, a simple microstrip patch antenna is 
chosen. Both the antennas have a return loss in the 
vicinity of 915MHz. The communication system that 
transmits ASCII data does not require a large 
bandwidth. 

The Microstrip Patch Antenna       

Microstrip patch antenna consists of a metal strip 
called the radiating element on a dielectric substrate 
covered by a ground plane on the other side. The 
dielectric substrate retains most of the power 
because the shielding ground plane is spaced a few 

substrate thicknesses away. The radiating patch may 
be square, rectangular, thin strip, circular, elliptical, 
triangular or any other configuration. 

Fig2 : Stacked microstrip patch antenna design 

Advantages of Pacemakers: 

A. Heart Efficiency 
The pacemakers allow the patients to get their lives 
back and lead a normal life. 
B. Pacemakers can be configured in different 
ways 
Pacemakers can be programmed to control a wide 
variety of heartbeat issues that occur. Some 
pacemakers can even be programmed to stimulate 
both the left and right ventricle of the heart together. 
C. Pacemakers are long-lasting devices 
Most pacemakers are able to provide their needed 
therapy without maintenance for long periods of 
time. Only rarely are there wiring or battery failures 
that need to be addressed. 
D. Some pacemakers have electromagnetic 
resistance built into them 
Some models of pacemakers have encountered the 
magnetic problems. 
Some models of pacemakers are safe in MRI 
machines and around certain appliances. 

4.  

5. Applications 

The applications of pacemakers are in: 

A. Automotive 
B. Data Center 
C. Space 
D. Medical 
E. Defense 
F. Communications 
 

6. Disadvantages 

A. Patients must avoid exposure to certain field 
of energy 
              Once a pacemaker is installed, magnetic and 
electromagnetic fields have to be avoided so that it 
will be able to continue to work properly. 
B. after the surgery 
              The surgery itself can cause an infection 
around the pacemaker. 
C. The pacemaker may not work properly 
              Pacemakers are very reliable after they have 
been installed and work consistently well for majority 
of patients. There is a minority, however, that finds 
their pacemaker is not delivering the therapies that 
are required for proper health.  
D. Pacemakers does not treat heart diseases 
              The pacemaker is not a one-size-fits-all 
treatment solutions for all heart problems. It may be 
installed to control the heart rate. 
E. Privacy and security 
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Security and privacy concerns have been raised with 
pacemakers that allow wireless communication. 
Unauthorized third parties may be able to read 
patient records contained in the pacemaker, or 
reprogram the devices, as has been demonstrated by 
a team of researchers. 

Conclusion 

In this paper, we described about the various In-
body devices and in detail about pacemakers and the 
communication between the pacemaker and the 
microstrip patch antenna at the receiver. Our work 
employs on the communication between the 
pacemaker and also the performance issues 
encountered.  

The major downside of the pacemaker is the 
operational issues and the security and proper 
working of the pacemaker. There are various In-body 
devices but pacemakers are used widely and this 
wireless devices uses wireless communication with 
inverted F antenna and microstrip patch antenna is 
considered. The return loss and bandwidth of the 
microstrip patch antenna are increased and hence an 
analysis of stacking the antenna on top of each other 
is considered to resolve the issue.  Pacemakers are 
safety critical system, and hence, formal methods 
must be employed in order to check the correctness 
of the pacemaker before implantation. 
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