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Abstract— It has become possible to implant a network of Bio 
sensor nodes inside human body for remote health monitoring, 
diagnostic and prosthetic purposes. For communication of these 
sensors the channel available is human tissue. The sensors 
communicate using wireless technology, by sending information 
as electromagnetic (EM) radio frequency (RF) waves. These 
signals encounter a significant loss during transmission because 
this communication channel contains a major portion of fluid. To 
find out this loss, a propagation loss model PMBA has already 
been developed. This paper investigates the appropriate distance 
between nodes for better communication. The frequency range of 
Radio spectrum (1GHz to 3.5GHz) is used for MATLAB 
simulation. It is observed that as frequency of transmitting signal 
is increased, the distance limit is decreased and Power loss is 
increased. Using radiation pattern it is shown that the electric 
field intensity decreases with increasing distance.  
 

Keywords-component; Bio-sensors; implantation; dielectric 
properties; dipole; electric field intensity. 

I. INTRODUCTION 
Implanted network of Bio sensors inside human body is of 

great interest because it provides remote health monitoring 
facility, which is significant in terms of prevention. A Bio 
Sensor is a device that can detect, and transmit information 
about any change produced in a living system. The system may 
consists of various bio-sensor nodes implanted at different 
locations inside human body e.g. for monitoring of blood 
pressure, EGC, pulse, blood glucose level etc. These sensors 
communicate with external base station as well as with each 
other. This paper deals with the main issues of the intra body 
communication which may be required for various applications 
such as retina prosthesis for visually impaired persons [1]. 
Wired communication within the body is not practical to 
implement, because it becomes a hazardous and time 
consuming task. Hence wireless technology is used. This 
communication of Bio sensors within human body is a great 
research issue because the channel available for this 
communication is not free space, but it is human tissue, which 
is considered as a lossy medium due to presence of lots of 
fluid. Hence a significant loss in transmitted power from 
implanted node takes place before it can reach the other 

(receiver) node, which is mainly because of the absorption of 
power in the tissue channel [2]. Due to presence of this channel 
the model becomes essentially different from traditional 
wireless networks in which free space is used as a 
communication channel. Therefore, the models which have 
been developed for free space communication need to be 
modified by taking Dielectric properties of human body into 
account [3,4]. 

Calculation of Specific Absorption Rate (SAR) is 
significant to find out the power absorbed by human tissue. 
This absorption is directly proportional to the frequency, which 
results in tissue warming, due to which tissue damaging may 
occur. In order to avoid this, lower frequency range must be 
used, but if frequency is lowered, the wavelength will increase, 
due to which the dimensions of antenna will have to be 
increased as antenna dimensions are directly related to 
wavelength [6]. Hence there is a trade-off between frequency 
and antenna dimensions. For implantation purposes, high 
frequency RF waves are used, which makes the size of antenna 
practical for implantation. 

As power loss in RF signal varies inversely with the 
distance, therefore it becomes important to calculate the 
maximum distance between nodes inside the body, so that they 
can communicate in efficient manner. 

II. RELATED WORK 
There has been a considerable research done in energy 

harvesting techniques in order to provide power to implanted 
bio sensors, as they must have small but continuous power. 
Different harvesting technologies for self-powered bio-sensors, 
including conversion of nano scale mechanical energy into 
electrical energy and use of hybrid cell for solar and 
mechanical energies are discussed in [5]. 

Implanted network of Bio Sensors can provide expanded 
health care services for persons who require continuous 
monitoring. These networks require a technological platform as 
well as algorithms which must be time sensitive and must 
avoid packet collisions in wireless environments. The use of 
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implicit Earliest Deadline First policy is recommended in [8] to 
reduce congestion in network traffic flow. 

As these networks are fundamentally different from those 
working in free space, so energy utilization must be 
accomplished in an efficient manner; So that, the network 
works on minimum possible energy. Two different energy 
efficient communication protocols, namely cluster-based and 
tree-based protocols are compared and analyzed that are 
designed to reduce energy consumption [7]. The analysis 
shows that the cluster-based protocol has better energy 
performance. 

Propagation of EM wave in a medium mainly depends on 
its dielectric properties. The dielectric properties of body tissue 
have been investigated in [3] to determine pathway of current 
flow inside the human body. The propagation loss model for 
intra body communication of Bio sensors network has been 
developed in [2]. However the appropriate distance between 
sensors for effective communication has not been discussed. In 
this paper, the goal of our research is to find out this distance, 
and variation of electric field intensity with respect to distance. 

III. SYSTEM MODEL 
For simplicity, this paper considers only two implanted bio 

sensor nodes connected with elementary oscillating (Hertzian 
Dipole) antenna used for transmission and reception of RF 
waves. The length of the dipole is the main determining factor 
of the operating frequency of the antenna. 

One reason for using dipole antenna is the fact that even 
though the Hertzian short dipole is very small in size, its 
effective aperture is comparable to antennas which are many 
times larger than it [4]. 

One way to overcome the body losses during implanted 
communication is to make an efficient transmitting antenna. 
Due to practical constraints, antenna should be of very small 
size, i.e. in order of a few millimeters, which is another reason 
for using small dipole antenna for this model. 

A very small portion of tissue surrounding antenna is 
considered so that tissue can be considered as homogeneous 
medium, so that it can be considered that power loss is not due 
to scattering or diffraction, but it is mainly due to absorption by 
tissue. 

As the channel for this communication model is human 
tissue, therefore dielectric properties of human tissue i-e 
conductivity, permittivity and permeability must be considered 
[4]. 

The channel around the transmitting antenna is bifurcated 
in near-field and far-field regions, because the power loss in the 
near field depends mainly on H-field and in the far field, it 
mainly depends on E-field. 

In general, it is considered that far field starts from the 
distance which is larger than the wavelength used. In this field, 
both components of the electromagnetic field become 
perpendicular to the direction of wave propagation. 

Therefore, power loss is calculated by using different 
equations which are derived using Maxwell equations of E and 

H-field inside a lossy medium [1]. The extent of near field, for 
short dipole it is given by / 2od λ π= . 

IV. MATHEMATICAL MODEL 
Equations for Power received for dipole antenna in near 

field is given as follows [2]: 

                                                                          

                                                                                            (1)            

                                                                                                               

Where PT: Power Transmitted, PNF: Power lost in near field, 
L: Largest dimension of antenna, Ae: Effective aperture of 
antenna, :δ Aperture efficiency, and it is given by 

/eA Aδ = , typical value ranges between 0.5 and 0.75. 

For far field, Power received is given as: 

                                                                                            (2)                

             

 

Where, PFF: Power lost in far field, Gt & Gr are antenna 
gains of transmitter and receiver antennas respectively, d: 
diameter of receiver antenna. 

Equations for Power lost in near and far fields are derived 
in [1]: 

                                                                                            (3)                

     

 A, B & C are integration constants. 

Electric field intensity in terms of angle θ  is given as [7]: 

 

                                                                                            (4) 

V. SIMULATION MODELING AND RESULTS 
For simplicity in simulation of model, only two sensor 

nodes are considered. 

Length of the dipole is calculated by the formula [9]:  

Length (meters) = 150 x A / frequency in MHz 

where A: ratio of the length of the antenna to the thickness 
of the wire used, typical value ranges from 0.96-0.98 

Since frequency range of interest is 1GHz to 3.5GHz, 
therefore the suitable length of nodes is found to be 25mm 
which is much smaller than wavelength according to 
requirement of Hertzian Dipole, and diameter of antenna is 
considered to be 1mm [1]. 

A. Distance Limit for Near Field 
Simulations are performed for finding the distance limit of 

near field at various frequencies, as it is practical to find out the 
appropriate distance for effective communication, before 
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actually implanting the nodes inside the body. It is observed in 
Figure 1 that extent of near field contracts at high frequencies. 

Figure 2 analyses the near field limits for entire frequency 
range, by assuming receiver antenna to be placed at different 
points surrounding the tissue channel. It can be seen that, near 
field region is widest in the case of minimum frequency, i.e. 
1GHz. Its value is about 4.8cm. But as frequency is increased 
in step of 0.5GHz till 3.5GHz, near field region is found to 
become narrower, such that its value reduces to only 1.5cm at 
3.5 GHz. It is also observed that value of power received is 
much higher for low frequencies as compared to higher ones. 
At 1GHz, value of power received is found to be 
approximately 5 µW, which reduces to 0.5 µW at 3.5 GHz. 

 

                                                                                                                                                                 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.  Distance limit for near field with respect to frequency 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.  Relation between received power and distance for various  
frequencies (a) 1GHz (b) 1.5GHz (c) 2GHz (d) 2.5GHZ (e) 3GHz 

B. Power Loss. 
Power loss for intra body communication is simulated by 

using Propagation Loss Model for Wireless Bio-Medical 

Applications [1]. Loss is plotted against frequency range of 
1GHz to 3.5 GHz. Distance limit is considered both for near 
field and far field regions. It is shown in figure 4 that, for near 
field, computed loss increases consistently from about -12dB 
(at 1GHz) to about -38dB (at 3.5GHz).While, loss increases 
from approximately -62dB (at 1GHz) to -85dB ( at 3.5GHz) for 
far field. 

 
 
 

 

     

 

 

 

 

 

 

Figure 3.  Power Loss in (a) near field (b) far field. 

C. Radiation Pattern of Half Wave Dipole inside Human 
Body 

The angular variation of the electric field Eθ  is known as 
the radiation pattern of the antenna. Radiation pattern of short 
Dipole is plotted using MATLAB. 

The radiation patterns are plotted by considering 
transmission of single frequency wave, i.e. 2.5 GHz, while 
changing the distance from transmitter node. As it is shown in 
figure 1 that near field limit for this frequency is approximately 
1.9cm, so pattern is plotted for near field as well as distances 
beyond this limit. 

The results in Fig.4 & Fig.5 show that electric field 
intensity decreases on increasing the distance, which is same as 
the case with power received. 

As distance becomes 1.5 cm, intensity is found to be 0.08 
V/cm which gets maximum at the direction of 90o, and falls to 
zero along the axis of antenna as shown in Fig. 4(a). Fig. 4(b) 
shows the pattern when distance is just equal to the boundary 
of near field, at this point field intensity obtained is 
approximately 0.05 V/cm. 
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Figure 4.  Radiation pattern within near field for f=2.5GHz when (a) d= 1cm, 
(b) d= 1.9cm 
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Figure 5.  Radiation Pattern for Far Field for f = 2.5GHz 

CONCLUSION 
The distance limit for near field and power received is 

proved to be decreasing for high frequencies. So for better 
communication, it is recommended that antenna should be 
placed within the specific near field distance limit for the 
intended frequency. Radiation pattern shows that electric field 
intensity decreases rapidly beyond near field limits. 

FUTURE WORK 
As it is stated that high frequencies are hazardous for 

health, but there is a trade-off between antenna size and 
frequency, so antennas should be design which can work well 
for low frequencies for the purpose of implanted 
communication. Loop and patch antennas are far better 
choices. Therefore, we plan to develop the same model for 
different antenna types. Further advancement in this research 
can be made by assuming large portion of human tissue 
channel without taking homogeneity into account. 
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