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+e sidelobe level (SLL) is an essential performance factor for satellite communication antennas. A low-SLL design can effectively
suppress adjacent satellite interference. A low-SLL design method for a variable inclination continuous transverse stub (VICTS)
antenna is proposed in this paper.+e VICTS antenna is composed of three rotatable parts: a feeding plate, a radiation plate, and a
polarization plate. +e radiation plate comprises two groups of stubs with different radiation ratios. Combined with the nonlinear
slow-wave structure attached to the feeding plate, the radiation ratio of the unit can be adjusted. +e aperture field of the VICTS
antenna using this method can be tapered in order to suppress the SLL. To verify the effectiveness of this method, the antenna
prototype is fabricated and measured in a microwave anechoic chamber. +e simulation and the measurement are in good
agreement. +e reflection coefficient of the antenna is kept below −15 dB and between 13.75GHz and 14.5GHz. When the
radiation plate and the feeding plate rotate relative to each other, the pattern beam can be scanned from 5° to 70°. In the scanning
range, the typical SLL can reach −18 dB.

1. Introduction

Satellite communication [1–3] is a highly specialized tech-
nology field and one of the important methods of modern
communication and informatization. Satellite communica-
tion has the advantages of wide coverage, large capacity, and
high quality. With the widespread application of high-
throughput satellites [4] and low-orbit satellites [5], satellite
communication has ushered in a new round of advanced
development. Mobile carriers such as airplanes, vehicles, and
ships can be connected to satellite networks by installing
satellite interconnect antenna terminals. +is has caused
mobile communication systems [6, 7] to play an increasingly
important role in military communications and emergency
communications. One of the key technologies of a satellite
mobile communication system is antenna technology.
Mobile communication antenna technology with high gain,
a low sidelobe level (SLL) [8–10], and a low profile has
become one of the research hotspots in satellite mobile
communication technology.

Based on their structural forms, mobile communication
antennas can be divided into reflector antennas [11, 12], lens
antennas [13–15], and array antennas [16–18]. Reflector
antennas have the best performance. It is easy to increase
their apertures to achieve high gain. At the same time, a
reflector antenna has a simple structure and few radio
frequency (RF) devices, so it is easy to achieve the common
use of a transceiver. However, the high profile is the biggest
disadvantage, so a reflector antenna cannot be applied in a
high-speed mobile carrier. +e gain of a dielectric lens
antenna does not result in a decrease in beam scanning, and
it is easy to achieve multifrequency bands. However, the
antenna structure is complex, and its efficiency is reduced at
high frequency. A planar array antenna has a very low profile
and high RF integration.+e pitch angle can range from 0° to
90°. For a single-chip antenna, the aperture is not easy to
enlarge, and the feed and RF components are more complex.
For multicomponent antennas, the performance is degraded
at high and low elevation angles, and the cost is not
negligible.
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tA continuous transverse stub (CTS) [19–21] antenna is
developed from a waveguide slot array antenna, which sim-
plifies the difficulty with feeding and processing and has more
development space. +e CTS antenna has stubs on the upper
surface of the parallel plate waveguide. +e stub has the
characteristics of a wide band, high radiation ratio, low loss,
and compact structure. A variable inclination continuous
transverse stub (VICTS) antenna is based on a CTS antenna.
+e radiation and feeding structures of the VICTS antenna can
rotate relative to each other. Because of its low profile and
simple structure, a series-fed VICTS antenna is very suitable
for communication in motion. However, it is difficult to
control the aperture distribution of a series-fed VICTS an-
tenna. In [22], the authors changed the radiation ratio of a stub
by changing its width, and the radiation ratio can be main-
tained at 10%–28%.+e space between the radiation plate and
the feeding plate is filled with the dielectric, which increases
the loss of the antenna. +is method cannot control the ap-
erture field distribution of the antenna well.+erefore, the SLL
of the antenna reaches −9 dB. In [23], the authors adjusted the
radiation ratio of the stub by adding matching grooves. By
adjusting the depth and position of the groove to adjust the
radiation ratio, the radiation ratio can be maintained between
7.69% and 100%. However, the SLL is still −14dB. Due to
different parameters of stubs, the processing difficulty of
engineering manufacturing is greatly increased. Phase-shifted
surface technology is used to steer an antenna beam [24]. A
low sidelobe is obtained by using a horn as the feed. However,
the overall height of the antenna is increased due to the horn
feed. By using the patch as the feed [25], the height of the
antenna can be effectively reduced.+e beam is steered via the
rotation of the two sawtooth time-delay (STD) metasurfaces.
+e feed of the VICTS antenna is a line source. +e relative
rotation of the radiation plate with the feed produces a phase
difference to steer the beam. +e prototype and the basic
principles of the VICTS antenna are described in some
+inKom patents, but there is no low-SLL design method for
the VICTS antenna in the publicly available literature.

Some attempts have been made to reduce the sidelobe
level of a VICTS antenna in my previous work [26]. +e
aperture field distribution of an antenna cannot be well
controlled by changing only the number of stubs. +e SLL is
slightly suppressed, and the prototype is not processed for
measurement. In this research, a low-SLL VICTS antenna
operating at 13.75–14.5GHz is designed. Because of its
unique beam characteristics, the antenna has almost no
sidelobe on the orbit arc of the target satellite. +e radiation
ratio of the stub is changed by adjusting the height of the
parallel plate waveguide and the width of the slot. +e SLL is
suppressed by a double nonlinear structure. One feature of
the structure is that the height of the parallel plate waveguide
changes nonlinearly. Another feature is that the height of the
slow-wave structure has a nonlinear relationship with the
height of the parallel plate waveguide. +e VICTS antenna is
introduced in the second section of this paper. +e third
section describes the design process of a stub and a slow-
wave structure. +e fourth section describes the simulation
and measurement results. +e fifth section describes the
conclusions.

2. Introduction of the VICTS Antenna Model

+e model of the VICTS antenna is shown in Figure 1(a).
+e main structure of the antenna is divided into two parts:
the feeding plate and the radiation plate. +e two plates
maintain a small gap to facilitate relative rotation through
the servo control system. +e two-dimensional beam
scanning of the antenna can be achieved with the rotation of
two plates. +e relative rotation of the two plates can steer
the elevation of the pattern beam.+e azimuth scanning can
be achieved by rotating the two plates at the same time [27].
+e polarization plate is composed of multiple metal grids
that are placed directly above the radiation plate (not shown
in the figure). +e function of the polarization plate is to
adjust the polarization of the antenna so that the main
polarization of the antenna matches the main polarization of
the satellite. Since the research focus of this paper is the low-
SLL design and the polarization plate has no effect on the
antenna pattern, the polarization plate is not described in
detail.

+e beam scanning principle of the VICTS antenna is to
change the phase distribution of the slot. When the two
plates rotate relative to each other, the equal phase plane of
the electromagnetic wave between the parallel plates forms a
certain angle with the slot. +erefore, the antenna requires a
linear source. +e main view of the feeding plate is shown in
Figure 1(b). One side of the feeding plate is a 1–12 power
divider, and the phase of each output port is kept the same to
generate a linear source. On the other side, the red dotted
line area is a nonlinear slow-wave structure attached to the
bottom of the parallel plate.+e slow-wave structure is made
of lightweight plastic processed with electroplating, with an
equivalent dielectric constant of 1.14 and no loss. It can be
seen from Figure 1(c) that the height of the parallel plate
waveguide changes nonlinearly, and this height change can
flexibly control the radiation ratio of the unit.+e slow-wave
structure can change the propagation constant between
parallel plates to suppress the generation of the grating lobes.
Compared with the filled medium, the slow-wave structure
can reduce the loss of the antenna.

+e radiation plate consists of two groups of stubs with a
matching step. +e period of the two groups of stubs stays
the same, but the radiation ratio is different. +e reasons for
not using three or more groups of stubs are as follows. First,
through the combination of two stubs, the radiation ratio
range of the unit is large enough to suppress the SLL. Second,
multiple groups of stubs will increase the difficulty of an-
tenna design and processing, which is not conducive to
reducing the cost of the antenna.

3. Antenna Design

3.1. Design of the Stub. As the main radiator of the antenna,
the design of the stub is very important. As a passive phased-
array antenna, the VICTS antenna does not have a large
number of T/R components.+erefore, the radiation ratio of
stubs should be easily adjusted. +e details of the stub are
shown in Figure 2. In order to suppress the generation of the
grating lobe, the period d of the stub should be less than the
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minimum operating wavelength. +e active impedance of
the stub array is matched by a step with a height of hs. In
[28], the influences of each parameter of the stub on the
stub’s radiation ratio are given. +e radiation ratio of the
stubs is directly proportional tow and inversely proportional
to hwg. +e maximum operating frequency of the antenna is
fmax � 14.5GHz, the equivalent dielectric constant of the
slow-wave structure is ϵe � 1.14, and the half wavelength λmin
is calculated to be 9.65mm. +erefore, the maximum value
of hwg is 9.6mm. According to engineering experience, in
order to prevent the radiation plate and the feeding plate
from coming into contact with each other when rotating, the
minimum value of hwg is 3.6mm. In order to increase the
range of the radiation ratio, two groups of radiation stubs

with different parameters w are selected. +eir parameters
are listed in Table 1. +e maximum and minimum radiation
ratios of a single stub are shown in Figure 3(a). +e max-
imum radiation ratio of stub 1 is 2% higher than that of
stub 2. +e purpose of this design is that it is convenient for
the subsequent design of the radiation ratio of the stubs
which can be continuously adjusted. At the same time, the
variation trend of hwg with adjacent stubs can be gentler.

3.2. Height of the Parallel Plate Waveguide. As the key pa-
rameter to control the radiation ratio of the stub, the change
of hwg is the main design factor for suppressing the SLL.
+ere are two nonlinear relationships. One relationship is
that the height of slow-wave structure hsw is nonlinear with
hwg, which keeps the propagation constant between the
parallel plates unchanged [29]. +e other relationship is that
hwg is nonlinear with the propagation distance. In order to
eliminate the influence of the slow-wave structure on the
radiation ratio of the stub, the nonlinear slow-wave structure
is added to the unit while simulating the influence of hwg on
the radiation ratio. +e relationship between the radiation
ratio and hwg of the two groups of stubs at 14GHz is shown
in Figure 3(b). +e fitting toolbox of MATLAB is used to fit
the two curves.

When the two plates do not rotate relative to each other,
the phase on a single stub remains unchanged. In this case,
the radiation pattern of the VICTS antenna can be calculated
with one-dimensional linear array theory. +e feed structure
of the antenna is a 1–12 equal ratio power divider, so the
ideal line source is used as the feed source in the calculation
model. In order to simplify the calculation, the reflection
caused by the outer ring of the antenna is not considered, so
the boundary is set as the magnetic boundary. +e total
number of slots N is 33, in which the number of slot 1 is N1

Transverse Stub 1 Transverse Stub 2 Radiation Plate

Feeding Plate

Slow-Wave StructurePower Divider

(a)

Slow-Wave Structure

Power Divider

L

(b)

Feeding Plate

Nonlinear Slow-Wave Structure

Radiation Plate

Linear Source

(c)

Figure 1: Overview of the VICTS antenna. (a) 3D view. (b) Top view of the feeding plate. (c) Sectional view.
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Figure 2: 3D diagram of the stub.
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and the number of slot 2 is N2. In order to make the peak of
the antenna aperture field appear in the center, the radiation
ratio of the stub in the center should be increased. Hence,
here, N1: N2 � 1: 2 is taken. +e height of the parallel plate
waveguide corresponding to each slot is recorded as hi. +e
excitation amplitude at each slot can be expressed as [30]
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where k � 2πf/c, f is the operating frequency, c is the speed
of light in a vacuum, and ϵe is the equivalent dielectric
constant of the slow-wave structure. +e radiation ratio ηi

can be expressed as

ηi � u N1 − i( f1(h) + u i − N1( f2(h). (2)

Here, u(•) is the step function. f1(•) and f2(•) are the
fitting functions described above. +erefore, the antenna
radiation pattern can be calculated with the following for-
mula [31]:

F(θ) � 

N1+N2

n�1
C _Ine

jkdn sin θ
. (3)

As a global optimization algorithm, a genetic algorithm
[32–34] does not easily fall into the trap of a local minimum.
+erefore, a genetic algorithm is used as an optimization tool

to optimize the SLL of the antenna pattern. +e solution
process is shown in Figure 4. +e height of the nonlinear
slow-wave structure should change slowly in order to avoid a
large amount of energy not radiating, which helps to reduce
the reflection coefficient.

+e optimization results of hi and the aperture field
distribution of the overall antenna model calculated with
MATLAB are shown in Figure 5. +e continuous height of
the parallel plate waveguide can be obtained with a smooth
interpolation algorithm. +e electric field distribution per-
pendicular to the direction of the stub is shown by the red
solid line in Figure 5. Because the minimum radiation ratio
of the stub is designed to be small enough, the electric field
amplitude at both ends of the antenna aperture can be
suppressed below 10 dB. With the reasonable number of
stubs and the curve of the height of the planar waveguide, the
aperture field of the antenna can be tapered to suppress the
SLL. +e electric field amplitude of the antenna aperture
center can reach more than 30 dB. +e theoretical pattern
calculated with formula (3) is shown in Figure 6, and the SLL
can reach −21.8 dB.

4. Result

+e VICTS antenna is modeled and simulated in CST
software, and satisfactory performance is achieved in the
range of 13.75–14.5GHz. In order to verify the performance
of the antenna, the prototype is fabricated and measured in

Table 1: Parameters of the two stubs (unit: mm).

hstub d ws w hs

Stub 1 9.2 18 5 0.9 3.8
Stub 2 9.2 18 4.5 1.5 3.8

0

5

10

15

20

25

30

Ra
di

at
io

n 
Ra

tio
 (%

)

13.0 13.5 14.0 14.5 15.0
Frequency (GHz)

w=0.9 mm, hwg=9.6 mm
w=0.9 mm, hwg=3.6 mm
w=1.5 mm, hwg=9.6 mm
w=1.5 mm, hwg=3.6 mm

(a)

Ra
di

at
io

n 
Ra

tio
 (%

)
4 5 6 7 8 9

hwg (mm)

0

2

4

6

8

10

12

14

16

18

stub 1
stub 2

Function Fitting of stub 1
Function Fitting of stub 2

(b)

Figure 3: Radiation ratio of stubs. (a) Radiation ratio at different frequencies. (b) Relationship between radiation ratio and hwg at 14GHz.
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the microwave anechoic chamber. +e near-field measure-
ment system is shown in Figure 7. +e main structure of the
antenna is made of lightweight materials that are electro-
plated.+e total height of the radiation plate and the feeding
plate of the antenna is 25mm (1.25λ). +ese two parts are
affixed to the central principal axis, so they can be rotated
continuously to achieve the continuous scanning of the
antenna beam. When the relative rotation angle c stays at 0°,

10°, 20°, 30°, and 40°, the performance is measured. Due to
the symmetry of the antenna structure, the radiation pattern
is symmetrical when the rotation angle is the opposite.

+e reflection coefficient of the antenna input port is
shown in Figure 8. +e simulated and measured reflection
coefficients of the antenna for different c are shown by the
solid line and the dotted line, respectively. +e reflection
coefficient of the antenna is suppressed below −15 dB in the
band of 13–15GHz. +e difference between the simulation
and the measurement is due to the inevitable machining
tolerance. +e radiation efficiency of the antenna can reach
95%.

+e 3D far-field simulation pattern of the antenna at
14GHz and c � 0° is shown in Figure 9(a).+e pattern of the
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Figure 4: Flowchart of the genetic algorithm.
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Figure 9: Radiation pattern at 14GHz and γ � 0°. (a) Far-field pattern. (b) Elevation plane. (c) Azimuth plane.
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VICTS antenna is not omnidirectional in the azimuth plane,
but is rather a typical crossbeam, which is consistent with the
calculation result of the closed expression of the VICTS
pattern [27]. +e corresponding cutting patterns of the el-
evation and azimuth planes are shown in Figures 9(b) and
9(c). +e azimuth plane and the elevation plane correspond
to the ϕ� 0° and ϕ � 90° cuts, respectively. +e main lobe of
the simulation and the measurement cutting pattern of the
elevation plane coincide completely, and there is a slight
difference in the sidelobe. +e elevation plane pattern de-
pends on the power division feed network. +e antenna is
fed by equal power division without a low-SLL design, so the
simulation SLL reaches −14.5 dB, and the measurement
result reaches −13.4 dB.+e radiation pattern of the azimuth
plane is controlled by the combination design of the non-
linear slow-wave structure and the stubs. +e SLL of the
simulated azimuth plane is −18.9 dB, and themeasured value
reaches −19.2 dB. +e electrical size of the slow-wave
structure is too large (25λ at 14GHz), so the very small
machining tolerance will gradually accumulate, which has an
important impact on the far-field pattern. However, the low
SLL of the measured pattern still shows that the design has
achieved obvious results.

+e simulated scanning performance of the antenna at
14GHz is shown in Figure 10. When the rotation angle c

changes from 0° to 40°, the scanning angle of the antenna can
cover 5° to 70°. +e period of the stubs is 18mm, and the
equivalent dielectric constant of the slow-wave structure is
1.14. +erefore, when c � 0, the phase difference is 323°. At
this time, according to the theory of a uniform linear array
[31], it can be calculated that the beam direction at 14GHz is
6.9°. Due to the frequency scanning characteristics of the
antenna, the minimum pitch angle of the antenna can reach
5°. +e SLL remains low throughout the scanning range, as
shown in Figure 11. When the pattern is close to the normal
radiation, the SLL can reach −19.2 dB. As the beam direction
deviates from the normal direction, the SLL increases
gradually. When the beam elevation angle reaches 70°, the
SLL can still reach −17.4 dB. +e period of the stubs is
changed so that the phase difference between two adjacent

stubs can be 360°. In this case, when γ � 0°, the antenna has
normal radiation. With the increase of c, the elevation angle
of the beam point can even reach 90°, but at this time, the
gain of the antenna will decrease, and the SLL will be se-
riously deteriorated so that it cannot be used for satellite
communication.

5. Conclusions

A VICTS antenna with a low-SLL design is presented in this
paper. +e antenna prototype works in the range of
13.75–14.5GHz. +e antenna comprises a radiation plate
and a feeding plate that can rotate relative to each other. +e
relative and common rotations of the two parts can achieve
the scanning of elevation and azimuth, respectively. +e
radiation plate is composed of two groups of stubs with
different radiation ratios. A double nonlinear slow-wave
structure is attached to the feeding plate. +e aperture field
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distribution of the antenna can be controlled as a taper
distribution using this method. +e electric amplitude in the
center of the antenna aperture can reach 30 dB, while it is
only 5 dB at the side of the antenna. +e results of the
measurement and the simulation are in good agreement.+e
beam scanning range of the antenna can reach 5°–70°. +e
reflection coefficient of the antenna is less than −15 dB in the
range of the working frequency and the scanning range. +e
SLL of the antenna can reach −19.2 dB at γ � 0° and −17.4 dB
at c � 40°. +e design method proposed in this paper can
effectively reduce the SLL of the VICTS antenna. Only two
groups of stubs are used to reduce the complexity and cost of
antenna processing, which has great practical value.
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