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Abstract— A broadside quarter wave dipole array antenna has been proposed for microwave scanning of biological body with high contrast in 

complex permittivity in the near field region. The dimension of inhomogeneities in complex permittivity in different cells of biological target is 

of the order of millimeter, so the spatial resolution required for medical imaging will be at the same millimeter range. Hence to increase the 

resolution of the microwave imaging system the beamwidth of the interrogating wave should be minimized. Two different approaches have been 

studied here for the reduction of beamwidth of near field pattern of dipole array antenna. In the first case the operating frequency is kept constant 

at 2.4 GHz and the variation of beamwidth has been observed for five different sets of dipole array elements. Beamwidth decreases with the 

increase of number of array elements. In the second approach the variation of beamwidth of antenna field pattern has been studied with different 

values of operating frequencies from 2 GHz to 5 GHz while number of dipole elements in the array remains fixed. The beamwidth decreases 

with the increase of operating frequency.  

Keywords-Dipole array antenna, Field pattern, Beamwidth, Microwave, Complex permittivity.  
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I.  INTRODUCTION 

  

Microwave imaging of human body has been drawing great 

interest for a number of years[1,2]. Microwave Tomography 

may be represented as an alternative to commonly used 

imaging techniques such as X-ray Computed Tomography, 

Ultrasound Tomography and Magnetic Resonance Imaging 

(MRI). It is an inexpensive as well as a non-invasive 

technique for detecting the changes in the complex 

permittivities which can be applied as a screening method in 

clinical applications such as detection of Cancer in breast, 

Lungs, Kidneys or in any internal organs of human body, 

monitoring of Brain Stroke and Cardiac imaging[3,4] etc.  

 Complex permittivity of a biological cell depends on 

its water content and this water content changes with the 

infection of diseases[5]. Thus variation of complex 

permittivity of a cell from its normal value discriminates the 

diseased one from the healthier one. The resolution of an 

imaging system depends on how close the two cells are 

differentiated by their complex permittivity values. This 

necessitates scanning of the target cell by transmitting signal 

of narrow beamwidth. 

 In this paper two different approaches have been 

focused to make narrow beamwidth in the near field pattern of 

the transmitting signal. A broadside quarter wave dipole array 

antenna is proposed for illuminating the model of our interest. 

The incident field intensity at each cell of the model is 

calculated with the help of field equations of dipole array 

antenna in the near field region when each cell is assumed to 

be filled with saline water. The field patterns are plotted for 

different number of dipole array elements and observed that 

the beamwidth gradually reduces with the increase in the 

number of array elements while operating frequency is kept 

constant at 2.4 GHz. In the second case, the field patterns are 

calculated and plotted for different operating frequencies from 

2 GHz to 5 GHz while maintaining the number of array 

elements fixed at 15 in each case. The signal has become more 

directive with the increase of operating frequency.             

 

II. PROPOSED BIOLOGICAL MODEL AND 

TRANSMITTING ANTENNA SYSTEM 

 

 The dimension of the proposed model is 20 cm X 20 

cm consisting of total 10,000 cells each having an area of 

2 mm X 2 mm. The model is surrounded by an area of 

thickness of 2 cm. and filled with matching medium of saline 

water having complex permittivity value of (76-j40) as shown 

in figure 1. 

 The proposed model consist of different regions of 

arbitrary shape which are assumed to have separate complex 

permittivity value identical to that observed in different human 

organs[7]. Differences in complex permittivity values are 

depicted by color variations. The entire model is developed 

with the help of Matlab version R2008b. 
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Figure 1: Proposed Biological Model 

 

 

Matching medium – Saline water, Thickness 2 cm, 

Complex permittivity:  76-j40. 

 

Muscle region, Thickness 1 cm, Complex permittivity: 

50-j23, Total number of cell present – 1900. 

 

Bone region, Thickness 1 cm, Complex permittivity:  

8-j1.2, Total number of cell present – 1700. 

 

        Blood cell region, Complex permittivity: 60-j26. 

 

Lung region, Dimension 2.8cm X 6 cm, Total number of 

cells – 930, Complex permittivity: 23.2-j16.2.   

 

Stomach region, Dimension 2.8cm X 6 cm, Total number 

of cells – 930, Complex permittivity: 60-j18. 

 

Liver region, Dimension 2.8cm X 6 cm, Total number of 

cells – 930, Complex permittivity: 46-j10. 

 

Pancreas region, Dimension 2.4cm X 6 cm, Total number 

of cells – 682, Complex permittivity: 65-j30. 

 

Kidney region, Dimension 3cm X 6 cm, Total number of 

cells – 992, Complex permittivity: 80-j1.2. 

 

                                ANTENNA SYSTEM 

 

 A broadside dipole array antenna of 15 quarter wave 

dipole elements with a separation of half wavelength between 

two adjacent elements placed at 42 cm away from the model is 

used as transmitting antenna. The operating frequency is fixed 

at 2.4 GHz. The entire set up is immersed into saline water to 

reduce the effective wavelength and to decrease the losses due 

to impendence mismatching. The parameters of the antenna 

are as follows:- 

Length of each element = λ / 4  

Separation between two adjacent elements = λ / 2  

  

       

III. DESIGN EQUATION OF FIELD PATTERN OF 

DIPOLE ARRAY ANTENNA 

 

 
 

Figure 2: Field calculation of dipole array antenna at a point 

on the model  

 

For this configuration the field equations are as follows: 

 mnr     =   2
1
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1
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Where     mI  =   value of current maximum, 

                μ       =   permeability of free space, 

                ε       =   dielectric constant of free space,  

                 β      =   
λ

2π
  = wave number. 

 mnr
, 1mnR

, 2mnR
 are the distances as shown in 

figure 2. 

 zmnE    =   Field intensity for m,n th antenna element. 

   H       =   λ / 8 (2H = Length of a dipole antenna) 
 

The equations (1), (2), (3) & (4) are derived from the near 

field equations of a dipole array antenna[8]. 

 

 

IV. VARIATION OF BEAMWIDTH WITH THE 

NUMBER OF DIPOLE ARRAY ELEMENTS 

 

 The incident field intensity at the centre of each cell 

of the model is calculated by using equation (4) and the 

normalized value of electric field is plotted against the model 

cell positions in a direction parallel to antenna array as shown 

in figure 3. The procedure is followed for the said dipole array 

antenna using elements of 11,15,17,19 and 21. The beamwidth 

is calculated in all five cases and is shown in Table I. 
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Figure 3: The Normalized Field pattern for 11,15,17,19 & 21 

elements of dipole array antenna 

 

⦁⦁⦁⦁⦁  Field pattern for 11 elements. 

⦁⦁⦁⦁⦁  Field pattern for 15 elements. 

⦁⦁⦁⦁⦁  Field pattern for 17 elements. 

⦁⦁⦁⦁⦁  Field pattern for 19 elements. 

⦁⦁⦁⦁⦁  Field pattern for 21 elements. 
 
Frequency of operation: 2.4 GHz 

 
TABLE - I 

 

NUMBER OF ELEMENTS BEAMWIDTH                       

( DEGREES) 

11 11.49 

15 8.83 

17 7.76 

19 7.23 

21 7.23 

 

V. VARIATION OF BEAMWIDTH WITH 

FREQUENCY 

 

 The dipole array antenna with 15 quarter wave dipole 

elements is taken and frequency of operation is selected at  

2GHz and the same is repeated for 2.4GHz, 3GHz, 4GHz and 

5GHz. The incident field intensity at the centre of each cell of 

the model are calculated by using equation (4) with MATLAB 

programming. The normalized value of electric field is plotted 

against the cell positions for each frequency of operation as 

shown in figure 4. The calculated beamwidth for each 

frequency of operation are shown in Table II. 

 

 
 

Figure 3: The Normalized Field pattern of dipole array 

 antenna for operating frequencies 2, 2.4,3,4 & 5 GHz 

             

 

⦁⦁⦁⦁⦁  Field pattern for 2 GHz. 

⦁⦁⦁⦁⦁  Field pattern for 2.4 GHz. 

⦁⦁⦁⦁⦁  Field pattern for 3 GHz. 

⦁⦁⦁⦁⦁  Field pattern for 4 GHz. 

⦁⦁⦁⦁⦁  Field pattern for 5 GHz. 
 

Number of dipole array antenna elements: 15. 

 

                                         TABLE - II 

 

FREQUENCY ( GHz ) BEAMWIDTH ( DEGREES) 

2 10.43 

2.4 8.83 

3 7.23 

4 5.63 

5 5.09 

 

VI.        CONCLUSION 

Distribution of incident field in the near field region 

shows that the proposed antenna may be used for medical 

imaging of biological target. Beamwidth of the antenna 

decreases with the increase of the number of array elements 

because beamwidth is inversely proportional to the antenna 

aperture size which is directly related with the number of array 

elements. Beamwidth obtained with 19 and 21 elements are 

same which indicates that there is a limitation of minimum 

beamwidth.  

  From the variations of beamwidth with frequency it 

is shown that the proposed antenna will operate in ISM band 

and beamwidth decreases with increase in frequency as 

beamwidth is inversely proportional to frequency. Using exact 

algorithm[6,7] the field at the receiver locations can be 

calculated and finally reconstructed image of a human size 

biological model will be obtained in near future .   
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