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Abstract: 

In this paper a system has been proposed for continuous health monitoring of soldiers using Ultra Wide Band (UWB) antennas. 

Ultra wide band radar can be deployed for a variety of medical applications. UWB Antennas are non -invasive, consumes low 

power, small in size and has portable form factor. This makes it ideal for vital signs monitoring in soldiers who continuously 

exhaust in the battle field. The need for a non-invasive technique can be satisfied by using a UWB pulsed radar system for 

monitoring the vital signs such as respiratory rate, heartbeat, pulse rate, temperature, blink rate, stress level etc. Here we present 

the design of three Ultra wide band antennas namely Pyramidal Horn Antenna, Quarter Wave Monopole Antenna and Circu lar 

Patch Antenna operating at different frequencies (UWB range) that can be used as the transceiver in the health monitoring system. 

The antennas are simulated using CST-2010 software.  

 

Index Terms: UW B (Ult ra-Wideband) Radar, Quarter wave monopole antenna, pyramidal horn antenna, patch antenna, CST 

Software  

 

I. INTRODUCTION 

 

UWB Radar techniques aiming at health monitoring have been 

investigated in recent years . According to the Department of 

Defense's 2015 Survey of Health Related Behaviors more 

number of soldiers is affected by common health ailments  

(approximately more than 17 % of Sold iers reported having 

high blood pressure) than the wounds of an enemies strike. The 

majority of the cases can be controlled through intervention, 

either with medication or lifestyle changes. But the key to 

prevent such a growing trend is in diagnosis. Diagnosis 

becomes complex and disadvantageous further exposing 

soldiers and veterans to radiation. Hence a need for a non-

invasive, low cost, portable system is increasing. A UW B 

pulsed radar system continuously monitors the vital health  

parameters of a soldier. Ultra-wideband (UWB) radars can 

provide both speed and absolute distance of a target. 

Moreover, they can resolve closely spaced targets in range, 

providing high-resolution range profiles and increasing the 

signal-to-clutter ratio. The basic components of an UWB radar 

system include a transmitter, a reflective target, a receiver, and 

a signal processor. The transceiver system is proposed using 

three different types of antennas providing different gain. Th is 

paper focuses on the design of UWB antennas that can be used 

for medical applicat ions. The simulated results of the antennas 

are compared and analysis shows a good proximity. The result 

indicates that the designed antenna is a good candidate in terms 

of Return loss, VSWR, rad iation efficiency for UW B 

application. The simulation is carried out using CST  

(Computer Simulation Technology) software. 

 
II. OTHER RELATED WORK 

 

UWB radars for health monitoring are mainly based on UWB-

IR (Impulse-Radio) radar and stepped-frequency continuous 

wave (SFCW) radar. In [1], a practical system for fall 

detection, tag-less localization, and human gait has been 

proposed. Ultra-wideband sensors for detection of internal 

injuries, monitoring of respiratory and cardiac functions and 

continuous, non-contact imaging of the human body has been 

in use for vital signs monitoring in hospitals today and imaging  

application could improve patient outcomes. UWB radar is 

something like a mix of conventional radar (Radio Detection  

And Ranging) technology and spread spectrum radio (SSR) 

technology, both directly coming from military applicat ions  to 

probe the motion of the internal organs of the human body 

with a remote non-contact approach which is unique at present 

time. [2]In an application developed at LLNL, UWB radar was 

able to detect, non-invasively the movements of the heart wall. 

This is because there do exist a definite difference in reflection  

magnitude between the heart muscle and the blood it pushes 

into the vascular tree. In [2] a rough description of the physical 

principle of operation is  given. As the impedance of the 

cardiac muscle is in the order o f 60 ohms and the impedance of 

blood is about 50 ohms, it can be expected a roughly 10% 

reflection magnitude of the radio frequency energy at the heart 

muscle/blood boundary architectural design.       

               

III. ARCHITECTURAL DES IGN 

 
A. BLOCK DIAGRAM  

UWB radar can meet the requirements of typical b iomedical 

applications such as non-invasive heart and respiration rate 

monitoring. Figure 1, shows a block diagram of a UWB pulsed 

Radar system consisting of UWB Antennas acting as 

transceiver to collect the vital signs (breathing rate, heart beat 

frequency, blood pressure) from the patient. 

 

 
Figure.1. Block diagram of a UWB Pulsed Radar system 

[24] 
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B. UWB ANTENNAS 

 Since the release by the Federal Communications Commission 

(FCC) of a bandwidth of 7.5GHz (from 3.1GHz to 10.6GHz) 

for ultra wideband (UWB) wireless communications, UWB is 

rapidly advancing as a high data rate wireless communication  

technology. In conventional wireless communication systems, 

an antenna plays a very crucial role in UW B systems. 

However, there are more challenges in designing a UWB 

antenna than a narrow band one. A suitable UW B antenna 

should be capable of operating over an ultra wide bandwidth as 

allocated by the FCC. At the same time, satisfactory radiation  

properties over the entire frequency range are also necessary. 

Another primary requirement of the UW B antenna is a good 

time domain performance, i.e. a good impulse response with 

minimal d istortion. The most widely used antenna is a Patch 

Antenna which is a type of radio antenna which can be 

mounted on a flat surface. It consists of a "patch" of metal, 

mounted over a larger sheet of metal called a ground plane. 

Patch antennas are much easier to manufacture and fabricate, 

are efficient radiators, supports both linear and circular 

polarization, easy in integration with microwave integration 

circuits. Whereas Horn Antennas  are a common type, used 

with rectangular waveguides, and radiate linearly polarized  

radio waves. They are predominantly used since they operate 

over wide range of frequencies, hence wide bandwidth, and 

simple for construction. They are generally used as feeders for 

large antennas, in electromagnetic interference measurements. 

Another widely designed antenna is  a Monopole Antenna 

which consists of a straight rod-shaped conductor, often 

mounted perpendicularly over some type of conductive 

surface, called a ground plane. Monopole antennas placed over 

a ground plane emit energy in the spatial region located 

between the bottom edge of the monopole and the ground 

plane; therefore special attention should be paid to the shape of 

the monopole in this region. The emission process produces 

substantially radiat ion patterns with antenna beams oriented in 

the horizontal plane. Mult ipoint excitations (see, e.g., the 

trident-shaped feeding networks) tend to improve the operating 

band, the polarization purity, and the signal integrity of the 

radiated field useful in UWB applicat ions. The ground plane 

makes it possible to limit interference with the sensitive 

electronic circuitry typically housed in the antenna back 

region. They are of simple realization and avoiding the use of 

dielectric materials does not exhib it the adverse effects caused 

by surface waves. The inherent 3D geometry limits their use to 

applications concerning base stations, automotive or avionics 

systems for high-speed vehicles. Antennas radiate due to the 

presence of fringing fields. In the case of a patch antenna, 

the fringing fields near the surface of the antenna are both in 

the +y direction. Hence, the fringing E-fields (on the edge of 

the micro strip antenna) add up in phase and produce the 

radiation of the antenna. To enhance the fringing fields from 

patch which account for radiation width of patch is increased 

or dielectric constant is decreased or substrate thickness is 

increased. 

 

 
Figure.2. The fringing fields near the surface of the patch 

 Antenna [23] 

IV. FLOWCHART 

 
Figure. 3. Flowchart to enumerate the design procedure  

 of the Antennas 

 

V. DES IGN EQUATIONS  

 
A. DESIGN EQUATIONS FOR DIFFERENT ANTENNAS 

The design equations of Circular patch antennas  are as                                      

follows: 

 

The cut-off or operating frequency can be calculated from:  

    (fr)mn0 = 
 

     
   

     

 
 ……...(1) or 

 

   (fr)mn0 = 
        

       
………...(2) 

where µ,  ,    are permeability and permittiv ity of air and  

medium, relative permittiv ity. ‘a’ is the circular patch radius, 

and  ‘  ’ is the effective patch radius. ‘  

 

The radius of the circular patch can otherwise be calculated as:    

 

    a = 
  

   
  

     
    

   
  

          
   …………(3) 

 

where ‘  ’ is the cut-off frequency, ’h’ is the substrate 

thickness  [16]. 

 

The design equations for Pyramidal horn antenna  are: 

 

Field distribution at the aperture: 

With reference to the figure [17] 
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   ………..(4) 

 

Pyramidal standard gain designed under optimum condition:  

         ……...(5) 

        ………(6) 

 

The effective aperture of these pyramidal feed-horns is around 

50% of its physical size so: 

 

      
   

 
    

 

 
 
   

 
     …………(7) 

 

 where ‘G’ is the conductance,                           

   is the effective aperture. 

 

Geometrical condition to be satisfied: 

 

      
 

 
       

 

 
   ………..(8) 

 

where ‘L’ is the flare length, E-field and H-field permeability 

 

Directivity of Pyramidal Horn Antenna: 

 

      
 

  
 
 

 
      

 

 
     

 

For a horn to be realizable this equation should be true: 

                         

 

From fig3,        

  
 

  

 

 
 

 

 
    

  
 

 

   
 

  
 

  

 

 
 

 

 
    

  
 

 

   
 

 

Optimum gain condition in the e-p lane: 

             

 

Solution to the above equation: 

  
 

 
            

   

 
Figure.3. Design of Pyramidal Horn Antenna[17] 

 

The design equations of UWB monopole antenna is as    

follows [15]: 

 

Total radiated power: 

  

                      
   

   

  

   

 

      
 

 
    

       

 

where                                         

 

               
 

where            are the power radiated and radiation 

resistance respectively. 

 

Radiation intensity: 

       
 

 
 
  
  

 
 

 

 

Directivity: 

 

      
    

    

 

 

where ‘D’ is the directivity and       is the maximum field  

intensity. 

 

VI. CONSTRUCTION 

 
A. SUBSTRATE 

 

 The FR-4 has been chosen as the substrate material based      

on the observations from Table1. The ground plane is  Copper 

annealed material. In the case of horn antenna PEC is used.FR-

4(Flame resistant- 4-dielectric permittivity) is graded as  a 

thick substrate whose dielectric constant are in the lower end 

of the range due to better efficiency, larger bandwidth, and 

loosely bound fields for radiation into space thereby gives 

better antenna performance. 

 
B. COMPARISON OF VARIOUS SUBSTRATES    

 

Table.1. Demonstrates the di fferences between various    

substrates  

Substra

te 
€r 

Loss 

Tang

ent 

Reson

ant 

Frequ

ency 

Retur

n 

Loss 

Gai

n 

Band

width 

Benzo- 

cyclobu

tane 

2.6 0 2.04 -

18.12

4 

5.5 Mediu

m 

Duroid 

6010 

10.

7 

.006 2.455 -

9.449 

4.0

2 

Minim

um 

Nylon 

Fabric  

3.6 .008 0.989 -

35.42 

6.1

1 

Mediu

m 

Roger 

4350 

3.4

8 

.004 2.586 -

25.29 

4.6

2 

Mediu

m 

RT-

Duroid 

2.2 .0009 10 -

38.74 

12.

03 

Mediu

m 

Foam 1.0

5 

0 454 -

16.73

2 

2.7

3 

Maxim

um 

FR-4  4.4 .018 5.8 -

14.73 

9.8 Maxim

um 
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C. UWB MONOPOLE ANTENNA  

 
Figure. 4. Shows the design of UWB monopole antenna 

using   CST software as per the parameters  

 

Table.2. the design parameters of UWB Monopole antenna 

 

Parameter Value(mm) 

LENGTH OF THE GROUND 

PLANE 
19.5 

LENGTH OF THE PATCH 38 

LENGTH OF THE FEED 16 

LENGTH OF SUBSTRATE 1 1.5 

LENGTH OF SUBSTRATE 2 1 

THICKNESS OF THE PATCH 1.59 

WIDTH OF THE PATCH 20 

WIDTH OF THE FEED 4 

WIDTH OF THE GROUND 

PLANE 1 
1 

WIDTH OF THE GROUND 

PLANE 2 
1 

WIDTH 0.40 

 

D. PYRAMIDAL HORN ANTENNA 

 

 
Figure.5. shows the design of Pyramidal Horn antenna                   

using CST software as per the design parameters  

 

Table.3.The design parameters of UWB Monopole                             

Antenna 

 

  

 

 

 

 

 

E. CIRCULAR PATCH ANTENNA  
 

 
Figure.6. shows the design of Circular Patch Antenna     

using CST software as per the design parameters  

 

Table.4. the design parameters of Circular Patch Antenna 
 

                

 

 

 

 

 

 

 

 

VII. SIMULATION RES ULTS  

 
 Figure.7.Simulation result (Gain vs Frequency)of 

Pyramidal  Horn antenna- 5.8 GHz(cut-off frequency) 
 

      
Figure.8. Radiation pattern of Pyramidal Horn antenna at 

5.8Ghz  

Parameter Value(mm) 

WAVEGUIDE HEIGHT 50 

WAVEGUIDE WIDTH 28 

WAVEGUIDE LENGTH 70 

FLARE LENGTH 195 

FLARE ANGLE 10 

Parameter Value 

STRIPLINE LENGTH 15.215 

THICKNESS OF PATCH 0.075 

SUBSTRATE THICKNESS 1.6 

WIDTH OF STRIPLINE 3.05 

WIDTH OF THE GROUND PLANE 8.5 

OUTER RADIUS 20 
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 Figure.9. Simulation result (Gain vs Frequency)of circular 

patch Antenna-9.17GHz(cut-off frequency) 

 

   
  Figure.10. Radiation pattern of  Circular patch antenna-                   

9.1 GHz(cut-off frequency) 

 

    
  Figure.11. Simulation result(Gain vs Frequency) of UWB      

Monopole Antenna- 9.16 GHz(cut-off frequency) 

 

   
 Figure.12. Radiation pattern of UWB Monopole Antenna-         

9.16 GHz 

 

VIII. COMPARISON OF RES ULTS  

 

Table.5. this table compares the above results obtained 

from simulation 

 

Parameters Pyramida

l Horn 

Monopole Circular 

Patch 

S11(dB) 13.29 33.89 11.06 

Gain(dB) 11.23 15.30 10.43 

VSW R 5.5 12 9.16 

Frequency 

(GHz) 
5.8 3,4,7 2.728 

FieldEnergy 

(Watt/radian) 6.727 2.46 6.707 

 

IX. CONCLUS ION 

 

Thus from the results we understand that UWB Antennas are 

highly suitable to be deployed as the transceiver of a soldier’s 

health monitoring system. This paper described and analyzed 

the three different UWB antennas - their design and simulation  

results. These antennas could be used for continuous, real-time 

monitoring over extended time periods. These examples 

demonstrate a possibility of few promising technologies in the 

medical field.  

 

X. FUTURE WORK 

 

In this module more features can be integrated in addition to 

vital signs monitoring .Th is can also be extended to monitoring  

the brain waves for analyzing the stress level of soldiers. We 

can also investigate and apply the above methods to other 

fields and verify the results by simulation.  
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