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Abstract

A mathematical model of variable inclination continuous transverse stub (VICTS) antenna for
low sidelobe design is proposed in this paper. VICTS antenna is an antenna with continuous
transverse stubs on the parallel-plate waveguide and additional branches attached to the trans-
verse stubs to generate radiation. The antenna using this technique has high aperture effi-
ciency and keeps a significant solution for high-gain antenna. However, the sidelobe level
(SLL) of this antenna is relatively high and increases continuously as the pitch angle decreases.
This paper presents a fast calculation model for the SLL of VICTS antennas using leaky-wave
theory and antenna array theory. The full-wave simulation results and model calculation
results are in good agreement, so this model can be used for SLL suppression of VICTS anten-
nas in different frequency bands. By controlling the aperture field distribution to be tapered,
the SLL is suppressed to − 23.7 dB using this mathematical model.

Introduction

With the rapid advance of science and technology including satellite communication, mobile
satellite communications that work at high frequencies such as Ku-band have been further
studied [1–3]. In order to meet the application requirements of high-speed moving objects
such as vehicles and airplanes, the antenna must have a low profile and aerodynamic shape.
A typical parabolic antenna has the characteristics of high gain and low cross-polarization
[4, 5]. Meanwhile, the volume of parabolic antenna keeps extremely bulky. The phased
array antenna, which has fast electronic beam scanning capability and a low profile, usually
cost too much due to a large number of expensive T/R components [6, 7].

Variable inclination continuous transverse stub (VICTS) antenna is a novel antenna
evolved from continuous transverse stub (CTS) antenna [8–12]. It has the same low profile,
high gain, and wide bandwidth as the CTS antenna. At the same time, the beam scanning
capability has been significantly improved, which can be widely applied in various situations
[13, 14]. The VICTS antenna consists of a radiation plate and a feeding plate placed in par-
allel, as shown in Fig. 1. The beam scanning can be realized by rotating the two plate of the
VICTS antenna relatively, and the beam direction of the radiation pattern can be quickly
calculated according to the relative rotation angle [15]. VICTS antenna is a very popular
solution for mobile satellite communication due to its simple structure, easy processing,
and low cost.

In previous work, some methods of suppressing the sidelobe level (SLL) have been
applied to the CTS antenna. The ridge waveguide slot array (RWSA) is adopted as a linear
source to feed the CTS array [16]. The RWSA was built to obtain low SLL of − 25 dB by
controlling the size and position of the slots. In [17], an antenna is composed of a 45° linear
polarizer and 32-slots fed by a 1-to-256 power divider. The E-plane and H-plane of the
antenna are rotated to positions that are 45° away from the two principal axes of the pattern.
The SLL in E-plane is reduced to − 28 dB. The SLL in E-plane of the CTS array fed by non-
uniform corporate feed network can be suppressed to − 28 dB by employing the Gaussian
distribution of the slots [18]. In [19], the researchers propose a closed-form expression
for VICTS antenna patterns with the same excitation amplitude for each element. Such
an amplitude distribution cannot be realized in practice. But the mathematical model in
this paper is based on the physical parameters of VICTS antenna and can be used in the
actual antenna design.

As far as the author’s knowledge and all open literature are concerned, there is no low SLL
optimization method for VICTS antenna yet. Inevitably, the SLL deteriorates to − 13.5 dB.
This paper presents a calculation method for the pattern of VICTS antenna at different scan-
ning angles. This method can be used to optimize the SLL of VICTS antenna. High consist-
ency is obtained by comparing the results of theoretical calculation and full-wave simulation.
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Theoretical model of VICTS antenna

This section gives the main structure and the principles of the
VICTS antenna. As shown in Fig. 2, the radiation plate is com-
posed of several slot in series, which match the active impedance
of the array through a single matching section [20]. In order to
make the aperture field distribution relatively uniform, two
types of radiation slots with the same period d and different
widths w1 and w2 are selected.

The radiation efficiency of the slot is controlled by multiple
parameters, which can be calculated by the full-wave simulation
software CST [9]. The radiation efficiency of the slot increases
as the height h decreases, and as the width wi(i = 1, 2) increases.
When wi and h are determined, the radiation efficiency of the
slot is also determined and recorded as η0i(i = 1, 2).

In addition, the radiation efficiency of the slot is related to the
operating frequency of the antenna. It is necessary to obtain the
radiation capability of the slot through full-wave simulation
while scaling to a different frequency.

Mathematical model of radiation pattern of VICTS

The theoretical model of the VICTS antenna is shown in Fig. 3
when there is no relative rotation between the radiation plate
and feeding plate. Although the radiation plate keeps circular,
the energy is mainly distributed in the rectangle which is slightly
wider than the width of the parallel plate waveguide. Therefore,
only the contribution in the rectangular region is considered in
order to simplify the analysis. The length Lx and width Ly of
the rectangle correspond to the narrow beamwidth axis and the
wide beamwidth axis of the radiation pattern, respectively.

In the main radiation region, the number of narrow slots is N1.
The number of wide slots is N2, thus

Lx = d(N1 + N2) (1)

Since each slot is parallel to the feed port, the electric field at dif-
ferent positions of the same slot does not change with the change

of the Y coordinate. İn can be expressed as follows:

İn = In e jk1edn (2)

where k = 2πf/c, f is the operating frequency, c is the speed of light
in vacuum, εe is the equivalent dielectric constant of the slow-
wave structure [21, 22], In is the unit amplitude, which can be
expressed as

In =
������������������∏n
i=1

(1− hi−1)hi

√
n = 1 . . .N1 + N2

hi =
0, i = 0

h01, 0 , i ≤ N1

h02, N1 , i ≤ N1 + N2

⎧⎪⎨
⎪⎩

(3)

In this case, one-dimensional linear array theory can be used
to calculate the antenna’s radiation pattern F(θ, w).

F u, w
( ) = ∑N1+N2

n=1

Cİne
jkdn sin u cosw (4)

where C is the cell pattern.
As shown in Fig. 4, when the two plates of the VICTS antenna

rotate relatively, the angle between the radiation slot and the equal
phase plane is denoted as γ. The amplitude and phase of different
positions on the same slot are no longer the same, so the radiation
pattern cannot be simply calculated as before.

The VICTS antenna is regarded as a two-dimensional array by
dispersing the different positions on the radiation slot at equal
distance. The element spacing in X-axis direction and Y-axis dir-
ection is dx and dy, respectively [19].

dx = d/cos g dy = d/sin g (5)

There are M = a⌊Ly/dy⌋ rows in the Y-axis direction where a
is a coefficient. The larger a is, the more points there are, and
the more accurate the calculation results are, but the larger the
amount of calculation is. a should be increased to ensure the
accuracy when the rotation angle γ is larger. ⌊†⌋ is a down round-
ing function.

The number of elements in each row in X-axis direction is
N = ⌊Lx/dx⌋, of which the small radiation capacity is N0.
Therefore, with the decrease of the Y coordinate, the number of
narrow slots is N0 increases step by step.

N0 =
Lx − tan g Ly − 2 m−1

a dy
( )− dx

2dx
+ 1

⌊ ⌋

m = 1 . . .M

(6)

The coordinates of each element can be expressed as follows:

Xmn = n+m
a
− m

a

⌊ ⌋
− 1

( )
dx

Ymn =m
a
dy

(7)

When the radiation plate and the feeding plate rotate relatively,
the electric field of each point is different because the radiation

Fig. 2. Partial side view of VICTS antenna.

Fig. 1. Main structure diagram of VICTS antenna.

596 Kexin Wang et al.

https://doi.org/10.1017/S1759078721000696 Published online by Cambridge University Press

https://doi.org/10.1017/S1759078721000696


Fig. 3. Schematic diagram of the equivalent array of VICTS
when the plate is not rotating.

Fig. 4. Schematic diagram of the equivalent array of VICTS
antenna when the plate rotates γ.
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plate is composed of a variety of branches with different radiation
efficiency. After determining the position of each element and the
number distribution of slots parallel to the X-axis, the electric
field of each element can be expressed as:

İmn =
������������������∏n
i=1

1− hi−1

( )
hi

√
e j k1eXmn( ) m = 1 . . .M

n = 1 . . .N

hi =
0, i = 0

h01, 0 , i ≤ N0

h02, N0 , i ≤ N

⎧⎪⎨
⎪⎩

(8)

Therefore, the pattern of the antenna can be expressed as:

F u, w
( ) = ∑M

m=1

∑N
n=1

Cİmne
jk(Xmn cosw+Ymn sinw) sin u (9)

Fig. 5. Aperture field distribution of VICTS. (a) Results of full wave simulation, (b) Results of mathematical model calculation.

Fig. 6. Schematic diagram of the equivalent array of VICTS antenna when the plate rotates γ. (a) h = 6 mm (b) h = 5 mm.

Fig. 7. Radiation pattern of VICTS antenna with three radiation branches.
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The antenna pattern is converted to U −V coordinate by the
following transformation:

u = sin u cosw

v = sin u sinw
(10)

The short axis pattern of the antenna can be obtained by tak-
ing the section parallel to the U-axis and passing through the
maximum value of the pattern.

Result analysis

In this section, the VICTS antenna with a radius of 350 mm
working in 13.75–14.5 GHz band is used. Fig. 5(a) shows the
simulation result of aperture field distribution of CST model,
and Fig. 5(b) shows the aperture field distribution calculated by
MATLAB. Because energy diffusion and energy reflection are
not considered in the theoretical calculation model, the results
of aperture field distribution of the theoretical calculation
model are different from those of CST simulation model.
However, the electric field along the X-axis has the same down-
ward trend, so the theoretical calculation model can be used to
estimate the SLL.

The simulation pattern and theoretical calculation pattern of
the VICTS antenna in the short axis plane of 0° and 30° are
shown in Fig. 6(a) when h is 6 mm. At different rotation angles,
the waveforms of the two patterns are consistent. The position
of sidelobe is calculated accurately, and the SLL error is less
than 1 dB. Part of the reason for the SLL error is that the equiva-
lent magnetic current is used as the antenna subarray to simplify
the calculation. As shown in Fig. 6(b), when h is 5 mm, the SLL
error is still consistent with Fig. 6(a). Therefore, it is feasible to
replace subarray with equivalent magnetic current.

In order to verify that the model can be used in the case of
more than two groups of different radiation branches, the simu-
lation results and theoretical calculation results of the antenna
model with three groups of radiation branches are given in
Fig. 7. The patterns obtained by the two methods are still highly
consistent. This model can be used to calculate the pattern of
VICTS antenna with any group of different radiation branches.

Fig. 8(a) shows the SLL error at different angles. The plate rota-
tion angle is from 0° to 50° and the pitch angle is from 5° to 70°,
respectively. As can be seen from the figure, with the change of
rotation angle γ, the SLL calculated by mathematical model and
simulation results show the same variation trend, and the SLL error
always remains below 1.2 dB under different rotation angles. When
the antennaoperates at different frequencies, the error between simu-
lation and calculation remains at a low level (Fig. 8(b)). Therefore, the
mathematical model can be used to calculate the SLL of the VICTS
antenna and perform low sidelobe design.

Based on the mathematical model, the low sidelobe design of
VICTS antenna is carried out by combining multiple radiation
branches and nonlinear slow wave structure. The number of radi-
ation branches and the height of slow wave structure at different
positions are taken as optimization parameters. During the optimiza-
tion process, the aperture field of the antenna evolved in a tapered
distribution, so the SLL was reduced. The radiation pattern of the
antenna is shown in Fig. 9, and the SLL reaches − 23.7 dB.

Conclusions

In this paper, a mathematical model for calculating the antenna
pattern of VICTS is proposed. The mathematical model can
accurately calculate the antenna pattern under different scanning
angles and operating frequencies. The mathematical calculation
results are consistent with the full-wave simulation results, and

Fig. 8. SLL error in various cases. (a) f = 14.25 GHz (b) γ = 0°.

Fig. 9. Radiation pattern of VICTS antenna with low sidelobe design.
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the SLL error remains very low. The SLL of the VICTS antenna
designed with this mathematical model can reach - 23.7 dB.
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