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Based on multisource wireless signal fusion technology, the autonomous positioning systems of robots have been widely employed.
How to design a compact compostable antenna array for indoor robot positioning is still a problem. In this study, we proposed a
compact ultrathin antenna unit that effectively reduces the mutual coupling between any adjacent units, while covering most of the
existing communication bands, including 2G/3G/4G/Wi-Fi, which will greatly reduce the size of the positioning antenna array. The
proposed antenna system has been employed for positioning purpose with high-gain, wide-frequency band and limited size. It
necessarily improves the accuracy of positioning signal from various unknown sources and finally accomplishes its autonomous
positioning function.

1. Introduction

In the last few years, with the rapid development of the
economy, science, and technology, intelligent robots have
emerged in every aspect of work and life. Multiple disci-
plines related to the robot systems, e.g., sensors, data conver-
sion, signal processing and control, artificial intelligence, and
bionics, have made remarkable achievements. However,
robot positioning, especially in complex environments,
remains an unsolved problem [1]. In any indeterminate
environment, a robot would scan the surroundings and cre-
ates an environmental floor plan for navigation. After an
instruction is received, the robot retrieves correlation data
of the target to seek the best route and achieve an autono-
mous cruising task. However, the most important prerequi-
site of robot precision autonomous positioning is to establish
a high-precision route database and ensure cruise accuracy
[2]. Presently, normal positioning systems include laser
ranging sensors, RFID identification sensors, inertial naviga-
tion systems (e.g., gyroscopes and accelerometers), the raster
map technology, etc. [3–6].

In this study, we propose a comprehensive positioning
RF device by using various existing communication signals.

By transmitting and receiving any 2G/3G/4G/Wi-Fi signal,
the novel wireless RF device would obtain real-time
high-accuracy positioning data through a positioning
algorithm. When a robot is employed in an unknown envi-
ronment, it will scan all nearby wireless signal sources
and obtain connections with them. With the robot cruis-
ing the work area and drawing a blueprint, the position-
ing system also collects the various wireless signals and
makes precise area location within its coverage region.
In this way, the robot needs a compact antenna system
which can cover more communication standards and
receive weak signals from different directions. This means
that the positioning antenna system needs small size,
high-gain multiband.

However, in present, as multi/ultrawide-band high-gain
positioning antennas are usually bulky, it is difficult to be
installing on small robots. Therefore, a miniaturized robot
positioning antenna unit is urgently needed [7–9]. In order
to accurately detect the positioning signal source within its
coverage region, theproposedpositioningantenna systemalso
requires wide-frequency band and good directionality. In this
study, we propose an ultrasmall antenna unit and its array that
provide small size, broad-frequency band, diverse layout, and
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Omni-directional coverage to high-precision positioning sys-
tems of small mobile robots.

2. Design Ideas and Methods

For an indoor robot, to collect high-precision wireless signal
and obtain accurate positioning data, one small-sized
high-precision wireless positioning antenna system is pro-
posed in this paper. The most important for a robot position-
ing antenna is to reduce the size of antenna; some references
[10–12] have proposed various methods to reduce the size of
the antenna radiating unit below one-fourth the wavelength,
such as a low-profile dual-polarized antenna, an EBG struc-
ture antenna as radiating element, or a high-impedance
periodic metal structure.

Here, one periodic defected ground structure (DGS) as
the antenna reflector plate is proposed to improve antenna
gain and reduce the size of position antenna. DGS, an etched
periodic or nonperiodic cascaded configuration defect in
ground of a planar transmission line (which disturbs the
shield current distribution in the ground plane cause of the
defect in the ground), is intentionally modified to enhance
performance [13–17]. According to the literature [18], in
order to obtain a compact broadband antenna, one opti-
mized DGS has been integrated with the antenna radiating
unit. Based on this principle, some specific aerial elements
and reflecting DGS have been employed; the antenna unit
is printed on either side is a dielectric substrate with relative
permittivity of 4.4 and 1mm thickness. The robot RF posi-
tion modularity requires higher gain, smaller size, and
broader relative bandwidth; the DGS need to be optimized
to have better effectiveness of reflection within operation fre-
quency 1.7–2.7GHz. As shown in Figure 1(a), the proposed
DGS structure is printed on the bottom of dielectric

substrate. It has a complete symmetry around the geometric
center and has a reflection phase from −90 to 90 degrees
within operation frequency to cover broadband detection
requirements. In this design, the DGS structure is composed
of a central reflection region and an edge reflection region.
The gap of the edge reflection region is located at the bot-
tom of the antenna radiating elements to enhance antenna
radiating performance. One coaxial feed line runs through
the entire structure from antenna to DGS. The external of
coaxial feed line is connected to DGS. The coaxial line will
feed antenna radiating element. Figure 1(b) is the antenna
radiating element.

While having wider operation band and higher antenna
gain, for the robot positioning system requirements, the
design of miniaturization antenna is pursued in two
aspects: antenna radiating element and reflection element.
Here, the radiating elements involve the radiating element
arm, feeding sheet, and transmission line. Based on this,
four radiating elements are printed on a dielectric substrate,
with an angle of 90 degrees to each adjacent element. To
expand antenna impedance bandwidth and improve the
antenna gain, the sizes of the four radiating elements of
the antenna are different and optimized to meet four individ-
ual quarter wavelengths continuously from 1.7 to 2.7GHz.
The geometric parameters of the antenna structure are
shown in Table 1.

3. Modeling and Simulation

As mentioned above, we studied a compact broadband robot
positioning antenna unit, consisting of a radiation sheet,
DGS structure, and feed cable. The proposed structure has
been modeled and simulated by using commercial simulation
software (CST), and the simulation results are shown in
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Figure 1: DGS antenna unit.
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Figure 2, that is, antenna unit S-parameter in Figure 2(a)
and radiation pattern of the antenna unit in Figure 2(b).
The S-parameters are simulated within 1–3GHz. The sim-
ulated result indicates that the return loss ( S11 ) of the
antenna unit is less than −10dB within the operating fre-
quency. Also, the radiation gain of the antenna unit is
greater than 2dB.

In order to verify the practicality and reduce the size of
the proposed DGS antenna, we employ a couple of units to
build one antenna array. Taking the extreme case as an exam-
ple, the interval between two antenna units is 0 cm and
cophase feeding with constant amplitude is conducted on a
dual-element antenna, as shown in Figure 3. To test the per-
formance of the antenna unit in various circumstances, the
phase angle of the dual-element antenna unit is, respectively,
set to 0°, 90°, 180°, or 270°.

The simulated results of the S-parameters are shown in
Figure 4. S11 and S22 are the return losses of two ports,
and S21 is the isolation between the two ports. As shown
in Figure 4, all simulated S11 and S22 are below −10dB
within working frequency 1.2–2.7GHz, while the simulated
S21 is below −20 dB, indicating that the designed antenna
units have good impedance bandwidth characteristics and a
good isolation between the two units because of the adopted
DGS reflection technology. Even the interval between two
antenna elements is 0 cm, this greatly improves the adaptabil-
ity of the antenna unit and enables them to be intensively
arranged without affecting antenna performance, which
greatly reduces the geometric size of the antenna array suit-
able for a robot positioning system. Through different
arrangements and increasing or decreasing the number of
antennas, the antenna system can achieve the desired perfor-
mance of the antenna positioning system.

At the frequency of 2GHz, the simulated far-field radia-
tion pattern of the positioning antenna array at the H-plane
is shown in Figure 5. Because the four radiating elements of
one antenna unit are not identical, to further validate the per-
formance of the antenna unit in an array, the phase difference
of the dual-element antenna unit is set as 0°, 90°, 180°, or 270°.
The simulation results present the maximum gain of the
antenna greater than 4.67 dB, and the width of the main lobe
beam is 56–68°. The result shows that the antenna radiation

Table 1: Geometric parameters of the antenna and its DGS
structure (mm).

Label Size

L1 6

L2 3.6

L3 1.1

L4 8

L5 4

L6 5

L7 14

L8 8.2

L9 7

L10 8.2

L11 6

L12 31

L13 17

L14 17.5

L15 6

L16 11

L17 4.6

LA1 2

LA2 7

LA3 3

LA4 8.2

LA5 29.2

LA6 17.5

LA7 12

LA8 8.2

LA9 11

LA10 12.5

LA11 4

LB1 7.8

LB2 8.5

LB3 20

LB4 11

LB5 6.5

LB6 2

LB7 5.1

LB8 3

LB9 17

LB10 5

LB11 9

LB12 9.5

LC1 27

LC2 8

LC3 6

LC4 6.5

LC5 2

LC6 7.5

LC7 14

LC8 12

Table 1: Continued.

Label Size

LC9 14

LD1 3.5

LD2 9.5

LD3 25

LD4 13

LD5 4

LD6 5

LD7 2.3

LD8 9.5

LD9 8
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pattern is consistent, which indicates that the radiation per-
formance of the designed positioning antenna is stable. The
above simulation test results show that the proposed antenna
design has a small size, wide-frequency band, high isolation,
and stable radiation performance, which are suitable for
small-sized robot positioning antenna system.

To further verify the proposed antenna, based on the
above simulation results, we employed four elements to
build an antenna array. As shown in Figure 6, four antenna
units are placed in a plane with an antenna element spacing
of 0mm and 0 degree phase angle between adjacent ele-
ments. The simulated S-parameter results are presented in
Figure 7. Within the operation frequency 1.7–2.7GHz, the
return loss of antenna elements ( S11 , S22 , S33 , and
S44 ) is all below −10dB and the mutual coupling (∣S14∣,

∣S23∣) between any two antenna elements is lower than
−20 dB, whichmeans good isolation between any two antenna
elements. Also, the far-field pattern of the four-element
antenna is shown in Figure 8. The radiation pattern of
the antenna system at 2GHz is greater than 8dB and
points to different directions, which meets the requirement
of a robot positioning system antenna for high-precision
positioning purpose.

4. Measurement

A prototype of the configuration employing the DGS has
been fabricated in order to experimentally validate the pro-
posed design, as shown in Figure 9. The measured S
-parameters are also presented in Figure 10 for comparison.
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Figure 2: Diagram of the S-parameter and radiation pattern.
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Figure 3: Schematic diagram of the dual-element antenna array.
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These results validate that, in the presence of the DGS,
the antenna operates within the desired frequency
(S11<−10 dB). The resonances of measurement result are
very slightly shifted. These minor discrepancies are due to
fabrication imperfections in the manual soldering of the

feeding and shorting pins of the antenna. The antenna radi-
ation pattern has been assessed experimentally. It is matching
the simulation results; the radiation gain of antenna unit is
greater than 2 dB, as presented in Figure 11. The measured
results match the simulation presented above.
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Figure 6: Schematic diagram of a four-antenna array structure.
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Based on the configuration and dimensions of the single
antenna element, a dual-element antenna array is also stud-
ied. A configuration and an experimental prototype of the
proposed antenna system are shown in Figure 12. The
interval between two antenna units is 0 cm; cophase feeding
with constant amplitude is conducted on a dual-element
antenna. The phase angle of the dual-element antenna unit
is, respectively, set to 0°, 90°, 180°, or 270°. After fabrication,
the measurement results have been presented in Figure 13.
All measured antenna return loss ( S11 , S22 ) is below
−10 dB, while the measured mutual coupling S21 is below
−20 dB, indicating that the designed antenna units have

Figure 9: Prototype of the antenna system using the proposed DGS.

1.30 1.40 1.50 1.60 1.80 1.90 2.001.70
Freq (GHZ)

|S
| (

dB
)

−45

−39.5

−34

−28.5

−23

−17.5

−12

−6.5

−1

4.5

10

Figure 10: Measured S-parameters for a single unit.

0
−30

−60

−90

−120

−150
−180

0

−30

−150150

120

90

60

30

−10 −20 −30 −40

Figure 11: Measured radiation pattern (gain) of one antenna unit
( S , dB).

Figure 12: The experimental model of the dual-element antenna
array.
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good impedance bandwidth characteristics and a good iso-
lation between the two antenna elements. Also, the antenna
radiation pattern has been measured experimentally. It is
matching the simulation results; the radiation gain of two
antenna elements is greater than 3dB. And, they are very
similar as presented in Figure 14.

5. Conclusion

As presented above, one DGS-based wide-band robot posi-
tioning antenna and an array have been proposed. The
antenna unit is primarily composed of four parts, i.e., opti-
mized printed radiating sheet, periodic DGS structure, coax-
ial feed line, and supporting substrate. The printed radiating
sheet has been separately optimized that enables the return
loss of antenna to be lower than −10 dB and the far-field gain
over 2 dB within the operation frequency range from 1.7 to
2.7GHz. To test the performance of the antenna design, the
spacing of two antenna elements is set at 0mm and the phase
angle separately as 0°, 90°, 180°, or 270°. Simulated result as
well as measurements of fabricated prototypes presented that
the proposed antenna array has good impedance bandwidth
characteristics. Also, the maximum antenna gain exceeds
4.67 dB, with an essentially consistent radiating pattern,
which indicates that the radiating performance of the robot
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Figure 13: Measured S-parameters of the dual-element antenna array.
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positioning antenna array designed in this study is stable.
Lastly, the simulation results show that the positioning
antenna system consisting of quad-element units can operate
in the entire working frequency range of 1.7–2.7GHz while
providing an antenna gain of more than 8dB, having good
directionality. In short, the proposed small-sized positioning
antenna in this study is simple in design, easy to combine,
and with good performance and achieves one compact
antenna-feed system. Thus, the proposed structure is suitable
for compact robots.

Data Availability

The data used to support the findings of this study are
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