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Four Element MIMO Antenna for Wireless Body Area Network
and Advanced Wireless Services Applications
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Abstract—A Multi-Input Multi-Output (MIMO) dual-band antenna useful for advanced wireless
services (AWSs) and wireless body area network (WBAN) applications is presented. To have dual
bands of operation two techniques were used namely, Defective Ground Structure (DGS) and slotted
patch. The lower operating band is spread over 108MHz from 2.106GHz to 2.214GHz which covers
AWS, UMTS, and LTE bands. The upper operating band is spread over 221MHz from 4.141GHz to
4.362GHz which covers the WBAN band. The lower operating band is the result of perforation in the
patch and inverted T-shaped ground, and the upper operating band is due to the two rectangular slots
placed diagonal to each other in the patch and perforations in the ground. High isolation among MIMO
elements is observed through a low Envelope Correlation Coefficient (ECC) of 0.0004. The design of a
2×2 MIMO antenna is realized using FR4 material with a size of 70mm×70mm×1.524mm and Ansys
HFSS tool. A high level of correlation between simulated and experimental results is observed which
enables the presented MIMO antenna to be perfect for the proposed AWS and WBAN applications.

1. INTRODUCTION

Nowadays healthcare systems are developed to a level that they can predict health complications
by continuously monitoring human vitals, and we also have many systems which enable doctors to
track and observe patients’ health conditions from remote locations. All these are possible because
of communication devices which are compact and implanted in the human body or on the surface of
the body or in the clothes, etc. These devices collect information from the biomedical sensors which
can measure the biological signals and transmit them via these communication devices. These types
of systems are called WBAN, and they use AWS like Universal Mobile Telecommunications System
(UMTS) and Long Term Evolution (LTE) for communication.

Many MIMO antennas were developed by researchers to meet these requirements. In [1], a dual
wideband antenna with dual polarizations is proposed which covers the frequencies of 3.24GHz to
4.07GHz and 4.28GHz to 5.23GHz. The antenna has a size of 137.6mm × 102.6mm, which is
comparatively large, and circular polarization, which will lead to the reduction of the power level by
3 dB and in turn affects the data transmission. In [2], a MIMO antenna with high isolation was proposed
for smartwatches. It has an operating frequency band covering 2.4GHz to 2.49GHz. Here high isolation
is achieved by employing the technique of having two degenerative modes in the design of the MIMO
antenna. But having a degenerative mode of operation is not viable for our applications of WBAN
and AWS. In [3], a self-isolated MIMO antenna is presented in which a substrate integrated waveguide
technique is implemented to achieve self-isolation. The operating range is 3.47GHz to 3.53GHz. Here
dual feeds are used for a single radiating element, and isolation improvement is shown among the two
feeds which do not apply to normal MIMO antennas where different radiating elements will have different
feeds. In [4], a single layer triple polarized antenna is presented working in the sub-6GHz band, and here
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the antenna has triple feeds making the antenna MIMO. Different individual inputs and combinations
of inputs enable diversified operating modes in the antenna, which are generated by a large number of
vias that are introduced in the antenna. In [5], mutual coupling is reduced using an Electromagnetic
Band Gap (EBG). Here the antenna radiates at the frequency of 6GHz. The EBG structure used is a
spiral structure which is made as an array of elements placed in between the two antenna elements. Here
though isolation is enhanced it also requires additional structures to be incorporated in the antenna
array for reduction of coupling. [6] uses a DGS to design a multiband antenna. A single frequency 2×2
antenna array has been designed, and DGS is introduced to generate resonance at multiple frequencies.
Introducing a DGS also helped in attaining good impedance matching. All frequencies obtained were
between 5 and 8GHz and are thus commonly used in C-band applications. [7] proposes a fractal
DGS for miniaturization. Bandwidth comparison is presented for antennas with and without DGS.
Operating frequency shifts to 1.2GHz from 2.56GHz and 1.657GHz from 3.72GHz, respectively. With
the implementation of DGS, antenna bandwidth is increased by 72%, and the size is reduced.

Similarly, many antennae [8–25] were developed with different techniques to increase the isolation,
decrease the mutual coupling, or enhance the parameters like ECC, but all of these antennas have a
limitation in terms of throughput and ECC which is necessary for the proposed applications of AWS
and WBAN. Here we propose a MIMO antenna with low coupling and ECC without any additional
structure in the antennas with dual frequencies of operation.

2. EVOLUTION OF PROPOSED ANTENNA

The proposed MIMO antenna of 2× 2 elements which are placed orthogonally to one another helps in
the reduction of coupling and ECC among the antenna elements. Figure 1 depicts the evolution of the
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Figure 1. Antenna evolution stages. (a) Radiating element. (b) Ground plane.
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antenna in stages. Antenna 1 has a basic radiating element as a rectangle and is excited with a 50Ω
strip line feed with a uniform ground plane. In antenna 2, the patch is perforated with a rectangle
of size 15.5mm × 3mm, and the uniform ground is replaced with an inverted T-shaped ground. In
antenna 3, the patch is further etched with a pair of diagonal slots of dimensions 4.6mm× 3.4mm and
3mm× 3mm, and the ground is perforated twice with rectangles of size 7.4mm× 1.5mm.

The MIMO antenna was designed with four elements which are placed orthogonal to one another.
Figure 2 shows the top view and rare view of the simulated and fabricated MIMO antennas, while
Table 1 lists the optimum dimensions of the antenna element.

(a) (b)

(c) (d)

(e) (f)

Figure 2. MIMO antenna structure. (a) Top view. (b) Rare view. (c) Top view (Fabricated). (d)
Rare view (Fabricated). (e) Radiating element. (f) Defective Ground Structure.
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Table 1. Antenna dimensions (Optimized).

Parameter Value (mm) Parameter Value (mm)

a 28.5 j 3

b 22 k 3

c 15.5 l 26

d 18 m 11.7

e 3 n 7

f 3 o 11.6

g 13.45 p 19.7

h 4.6 q 7.4

i 3.4 r 2.5

3. RESULTS AND ANALYSIS

Various antenna parameters that affect the antenna performance were studied and presented. Figure 3
presents the S11 at different evolution stages of the antenna and a comparison of simulated and measured
S11. Antenna 1 with a uniform plane ground and a rectangular patch has a wideband operating range
from 3.5GHz to 4.5GHz. But with the introduction of the perforation in the patch and inverted T-
shaped ground plane, the wideband of operation is converted to the dual bands of operation at 2.16GHz
and 4.27GHz. Here we can observe that the impedance of the antenna is not in tune at 4.4GHz. To
enhance it, two square slots of unequal dimensions, which are diagonally placed, are etched in the
perforated patch, and a pair of rectangular perforations are made in the inverted T ground plane. With
these further slots and perforations, the impedance matching at the higher band is enhanced, and it
radiates at 4.27GHz. Finally, the proposed antenna has dual frequencies of operation. The center
frequency at the lower side is at 2.16GHz, and the upper side is at 4.27GHz with a 10 dB impedance
bandwidth of 108MHz and 221MHz, respectively. The lower operating band is spread over 2.106GHz
to 2.214GHz which covers AWS, UMTS, and LTE bands. The upper operating band is spread over
4.141GHz to 4.362GHz which covers the WBAN band.

(a) (b)

Figure 3. Return loss. (a) S11 of the proposed antenna in different stages. (b) S11 comparison of
simulation and measured antenna.
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The proposed antenna is intended for the AWS and WBAN applications, which require a system
that can communicate with multiple sensors in parallel mode in a small region. So here antennas with
moderate gain are necessary for the system to meet the standards of Specific Absorption Rate (SAR).
The gains of 3.47 dB at the lower band of 2.16GHz and 3.49 dB at the higher band of 4.27GHz are
presented in Figure 4.

(a) (b)

Figure 4. Gain of the proposed antenna. (a) At 2.16GHz. (b) At 4.27GHz.

Mutual coupling is the major drawback in any MIMO antenna and is measured by ECC, and a
MIMO antenna should have very low mutual coupling and ECC for efficient transmission of data and to
achieve high throughput. Here we have addressed these two design problems with a simple solution by
placing antennas in an orthogonal manner in the MIMO structure. By placing antennas in an orthogonal
manner, the radiating fields of the antennas are also orthogonal to each other which will reduce the
phase Cancellation of the signals in both near fields and far-field which will improve the isolation among
antenna elements and reduce ECC which is shown in Figures 5 and 6.

The radiation plots (simulated and measured) at the two operating frequencies are presented in
Figure 7.

Figure 5. Mutual coupling among MIMO
antenna elements.

Figure 6. Envelope correlation coefficient.



156 Ananda Rao and Konkyana

(a) (b)

Figure 7. Radiation patterns. (a) At 2.16GHz. (b) At 4.27GHz.

At the lower band, we can observe that the Co-Polarization and Cross-Polarization plots have an 8-
shaped pattern with uniform distribution of radiation in the cross-pole. But at the Co-Polarization, we
can observe a small dip at 0◦ and 180◦ which may be due to the slots in the patch and the nonuniform
current distribution in the patch due to these diagonal slots. Similarly, at a higher operating band,
we can observe that the simulated and measured Co-Polarization and Cross-Polarization plots have
an omnidirectional pattern with uniform distribution of radiation in the Co-Polarization. But at the
cross-pole, we can observe a reduction in the power of the antenna on half side of the pattern which
may be due to the rectangular perforation in the patch and the nonuniform current distribution in the
patch due to the perforation.

The proposed antenna is intended for AWS and WBAN applications, which require a system that
can communicate with multiple sensors in parallel mode in a small region. So here antennas with good
directivity are necessary for the system to meet the short communication ranges. The proposed antenna
has a directivity of 4.6 dB at the lower band of 2.16GHz and 4.48 dB at the higher band of 4.27GHz
which are presented in Figure 8.

(a) (b)

Figure 8. Directivity. (a) At 2.16GHz. (b) At 4.27GHz.
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Figure 9 shows the current distributions of the antenna at the two operational frequency bands.
Figure 9(a) shows the radiating elements at 2.16GHz. We can observe that the radiation is mainly due
to the rectangular perforation and the slot near it. Figure 9(b) depicts the current fields of the ground

(a) (b)

(c) (d)

Figure 9. Current field distribution. (a) At 2.16GHz. (b) At 2.16GHz. (c) At 4.27GHz. (d) At
4.27GHz.

Figure 10. Realized antenna and measurement setup.
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plane at 2.16GHz, and here we can see that the radiation is generated by perforation in the ground
plane. Figure 9(c) depicts the current fields of the radiating elements at 4.27GHz. We can observe that
the radiation is mainly due to the rectangular perforation and feed line. Figure 9(d) shows the current
distributions of the ground plane at 4.27GHz, and here we can see that the radiation is due to the T
structure in the ground plane.

In Figure 10, we can view the mutual coupling plot of the MIMO antenna in measurement setup
utilizing a vector network analyzer.

Table 2 compares the proposed antenna with reported dual band antennas. The proposed antenna
performs better in terms of gain and antenna profile.

Table 2. Proposed antenna comparison with reported antennas.

Ref. Frequency (GHz) Gain (dB) Size (λ2)

[22]
2.5–2.7
3.45–3.8

2.5
2.7

0.63 ∗ 1.25

[23]
1.87–2.53
3.6–3.8

3.86
4

0.37 ∗ 0.62

[24]
1.8–2.69
3.4–3.6

2.3
3.5

0.35 ∗ 0.2

[25]
1.55–2.65
3.35–3.65

2.2
3.8

0.3 ∗ 0.31

Proposed Work
2.10–2.21
4.14–4.36

3.47
3.49

0.24 ∗ 0.24

4. CONCLUSION

A 2 × 2 MIMO antenna with two operating frequency bands is presented. Radiating elements have
a rectangular perforation and a pair of diagonal slots. A defective ground structure is taken in an
inverted T shape with perforations. The perforation in the patch and inverted T-shaped ground
generated the lower operating band in the upper band due to the diagonal slots in the patch and
perforations in the ground. The lower band is at 2.16GHz, and the upper band is at 4.27GHz with a
10 dB impedance bandwidth of 108MHz and 221MHz, respectively. Mutual coupling at the lower and
higher bands is around −13 dB and −30 dB, respectively, which presents a low coupling effect among
the antenna elements. The gain of the individual antenna element is 3.47 dB at 2.16GHz and 3.49 dB at
4.27GHz. ECC is one of the crucial parameters in a MIMO antenna which shows the isolation among
the antenna elements and also the amount of data rate transmitted from the MIMO antenna. A very
low level of ECC, 0.0003, is observed which presents a very high level of isolation in the MIMO antenna.
Omnidirectional radiation pattern is observed at both frequencies which is essential for the WAS and
WBAN applications.
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