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Abstract— This work presents our preliminary work on an electric 

field (E-field) prediction technique and near-field to far-field 

transformation of a surface wave antenna with a cosecant-squared 

pattern for a millimeter-wave FMCW vertical-looking radar 

system. Fourier and Gaussian fitting models were used to predict 

the magnitude and phase of E-field on the antenna surface, and the 

prediction error at the center operating frequency of 34.5 GHz are 

4.6% and 4.6º respectively. The far-field E-plane pattern was 

achieved by applying Fourier Transform to the predicted near-

field E-field distribution. 

Key words— Surface-wave antennas, cosecant-squared pattern, 

electric field (E-field) prediction, near-field to far-field 

transformation. 

I. INTRODUCTION 

Trapped Surface Wave (TSW) is the type of surface wave we 

utilized in this study, it propagates along a dielectric coated 

planar conductor without radiation [1], [2]. Different launchers, 

such as waveguide horns [3] or dipole arrays [4], [5], have been 

proposed to excite a surface wave. The conventional planar 

surface wave structure with stable surface reactance guides 

energy along its surface without radiation, in order to induce 

radiation from the surface, the surface impedance must be 

varied either by a sudden termination of the guiding structure or 

an abrupt junction with a different reactive surface [6]. The 

patterns radiated by surface wave antennas are usually in the 

shape of a fan-beam and their gain normally does not exceed 20 

dBi. Frequency coverage of surface wave antennas extends 

from very high frequency (VHF) band to millimetre-wave 

frequency band [7]. 

In our recent FMCW vertical-looking radar (VLR) system 

design [8], an antenna with low profile and cosecant-squared 

radiation pattern is required to offer the portability and 

improvements for the radar data processing. Cosecant-squared 

pattern enable an adapted distribution of the radiation in beam 

pattern and thus useful in applications where a uniform power 

flux illumination at the same altitude is required [9]. It is 

because the radiation pattern can provide a more stable signal 

strength as a target moves with a constant height within the 

beam. Conventionally, such antennas are utilized in air-

surveillance radar systems to detect an approaching target at a 

constant height with constant power which means that the 

received power is in dependent of the radar range. There are a 

few techniques to form a cosecant squared pattern, including 

curve shaped reflector [10], phased array antenna [11], shaped 

lens antenna [12] and reflector array [13]. 

A planar 2D millimeter-wave surface wave antenna based on 

[14], [15] and the partially reflective screen (PRS) technique is 

proposed in this work. The full 3D electromagnetic simulation 

was first performed and the near E-field data (magnitude and 

phase) was extracted from CST Studio Suite 2019 [16]. The E-

field data have been studied and predicted by Fourier and 

Gaussian curve fitting model [17]. The near-field E-field is then 

transformed to far-field to predict the radiation pattern. 

II. ANTENNA GEOMETRY 

 
Fig. 1. The proposed surface wave antenna.  

The geometry of the proposed surface wave antenna operating 

at 34.5 GHz is shown in Fig. 1. The antenna consists of a ground 

plane, a piece of dielectric substrate, seven trapezium metallic 

cells and a surface wave launcher. The seven trapezium metallic 

cells have different physical parameters. The short edges (a) of 

the seven trapezium metallic cells are same with length 0.125𝛌𝟎 

while the long edges (b) have three different lengths, i.e. 𝐛𝟏 =
𝟎. 𝟏𝟐𝟓𝛌𝟎 , 𝐛𝟐 = 𝟎. 𝟐𝟓𝛌𝟎 and 𝐛𝟑 = 𝟎.𝟕𝟓𝛌𝟎  respectively. The 

height (h) of seven trapezium cells are 0.5𝛌𝟎 in the proposed 
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antenna. The separation from the front edge of the first metallic 

cell to the aperture of the surface wave launcher is 𝛌𝟎 . The 

spacing (p) between the cells is 0.25 𝛌𝟎 . Rogers 5880 

microwave substrate of dielectric constant (𝛆𝐫 ) equals 2.2, 

thickness equals 0.762 mm and loss tangent (𝐭𝐚𝐧⁡ 𝛅) equals 

0.009 at 10 GHz is used; it will provide the surface impedance 

with the appropriate excitation efficiency of the surface wave 

launcher [15]. 

III. RESULTS 

By setting an array of field monitors at the height of 1 mm 

above the cells along the y-axis, the magnitude and phase of the 

E-field of the surface wave antenna are extracted from CST. 

When the wave propagates through the surface, the magnitude 

and phase of the E-field have different changing patterns at 

different position relative to the cell, as shown in Fig. 2 and Fig. 

3. This variation pattern through each cell can be divided into 

four zones, which are enter zone, cell zone, exit zone and 

surface wave (SW) zone. The E-field variation in the four zones 

is studied by using different order of Fourier and Gaussian 

curve fitting model. Equation (1) and (2) show the lowest order 

of the fitting model. Then the model can be used to predict the 

phase and magnitude of the E-field in near-field. 

 𝑓(𝑥) = 𝑎0 + 𝑎1 cos(𝜔𝑥) + 𝑎2sin⁡(𝜔𝑥) (1) 

 𝑔(𝑥) = 𝑐1𝑒
−(

𝑥−𝑐2
𝑐3

)2
 (2) 

Where 𝑎1 , 𝑎2 , 𝑎3 , 𝑐1 , 𝑐2  and 𝑐3  are the curve fitting 

parameters. 

 
Fig. 2. Magnitude comparison between prediction and CST at 34.5 GHz. 

The comparisons of magnitude and phase of the E-field at 

34.5 GHz are shown in Fig. 2 and Fig. 3 respectively. The 

magnitude and phase of the surface wave antenna without the 

cells are also presented in the figures for comparison; the 

variation of magnitude and phase in the four zones can then be 

easily observed.  In Fig. 2, the magnitude has a sudden rise in 

the enter zone and has a drop in the exit zone. In the surface 

wave zone, the magnitude tends to follow the changing trend of 

the magnitude of the surface wave launcher structure. In Fig. 3, 

the phase changes rapidly in the enter and exit zone. While in 

the surface wave zone, the phase change is getting slower and 

follows the phase change of standard surface wave. In this 

prediction, a span of 2 GHz bandwidth, which is similar to the 

operating frequency band of the VLR, is chosen to evaluate the 

prediction performance. The errors of magnitude and phase 

prediction are shown in Fig. 4. The prediction error of 

magnitude is 4.6% while the phase prediction error is 4.6º at 

34.5 GHz. 

 
Fig. 3. Phase comparison between prediction and CST at 34.5 GHz. 

 
Fig. 4. Error of the prediction. 

IV. DISCUSSTION 

The near-field E-field has been studied and predicted based 

on the trapezium metallic cells in the proposed antenna. 

Different shapes and sizes of the trapezium metallic strip show 

different near zone E-field distributions. By varying the size and 

the shape of the cells, the near-field E-field under different cases 

can be predicted as well. Based on the predicted E-field and 

physical designs, an innovative approach to build the relation 

between them becomes possible by introducing a machine 

learning program. It will save the time to run multiple 

simulations of the whole antenna geometry in the 3D full-wave 

electromagnetic software. Based the machine learning program, 

the near zone E-field of a physical design can be predicted. And 

then with the help of equation (3) from [9], the required far field 

pattern can be obtained through the near-field to far-field 

transformation (NF2FF). Since the wave spectrum and E-field 

form a transform pair, which means the far-field pattern can be 

calculated by applying Fourier transform. 



 𝐸(𝑥, 𝑦, 𝑧) =
1

4𝜋2
∬𝑓(𝑘𝑥 , 𝑘𝑦)𝑒

−𝑗𝑘𝑟𝑑𝑘𝑥𝑑𝑘𝑦

∞

−∞

 (3) 

Where 𝑓(𝑘𝑥 , 𝑘𝑦) represents the wave spectrum of the field, 

𝑘𝑥 and 𝑘𝑦 are components of propagation factor. 

In [8], a cosecant-squared radiation pattern is required to 

make the practical adjustment easier. According to the required 

pattern, the near-zone E-field can be calculated by applying far-

field to near-field transformation. The desirable physical design 

of the required pattern antenna can then be achieved. 

 
Fig. 5. E-plane pattern at 34.5 GHz. 

In Fig. 5, the radiation pattern of the proposed near-field to 

far-field predicted technique is shown. It is compared with the 

ideal cosecant squared pattern and that provided by CST. The 

main lobe of NF2FF calculated pattern is consistent with the 

CST simulation. The discrepancy remains small within the area 

of 𝜃 from -80º to 0º, while the rest has the similar trend. The 

mismatch of the side lobes caused by the algorithm needs to be 

improved in later work. The grating lobes will be improved by 

revising the antenna structure. Machine learning algorithm will 

be introduced to predict the predicted far-field distribution 

closer to the ideal cosecant-squared pattern. 

V. CONCLUSION 

The E-field in the near field region and the radiation pattern 

of the proposed antenna has been predicted by using Fourier and 

Gaussian mathematical model and Fourier transform with the 

acceptable error 4.6% in magnitude and 4.6º in phase at 34.5 

GHz. E-field prediction under different metallic shapes and 

sizes will be investigated. And machine learning program will 

be introduced to define the relation between E-field and 

physical design in the future work. 
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