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Abstract 

This paper introduces a novel compact planar Ultra-

Wideband (UWB) Multiple-Input-Multiple-Output (MIMO) 

antenna with a dual-band notched performance for wireless 

communication systems application with Surfaces 

Penetrating (SP) capability. To avoid the interference from 

co-existing systems, two notched bands are introduced by 

including two symmetrical strips and three linked equal 

radius circles inside the radiating patches. The two ports 

MIMO antenna is printed on the low-cost FR4 substrate 

with a compact size of 0.293λ0×0.17λ0×0.008λ0 at 1.57 

GHz. The measured results indicate that the −10 dB 

bandwidth of the proposed MIMO antenna covers a wide 

bandwidth 1.57–12.4 GHz (155.05%) with a dual-band 

rejection from 2.04 GHz to 3.98 GHz and from 4.8 GHz to 

6.22 GHz. The effects of numerous construction and 

decoration surfaces on the antenna’s reflection coefficients 

are measured. Gypsum, White Portland Cement, Slate, 

Marble, Wood and Reinforced Concrete is tested. A good 

penetrating capability is measured which confirms the 

aptitude of the proposed MIMO antenna to work as SP 

antenna. 

1. Introduction 

The Ultra-Wideband (UWB) wireless communication 

systems have received a widespread attention due to its 

improved performances in a large frequency range with a 

minimum power level [1]. Furthermore, the rise requirement 

of the wireless channel capacity extension and the high data 

rates for an acceptable range necessitate thinking for new 

technologies with good performances [2].  

Multiple-Input-Multiple-Output (MIMO) technology, 

that exploits multiple antennas both in the transmitting and 

receiving devices, plays a significant role in modern UWB 

systems due to its specific advantages principally for 

conquering the multipath fading effect and for rising the 

transmission capacity [3-5]. One of the serious defy of UWB 

systems is the frequency interference with other co-existing 

narrowband wireless communication systems such as the 

WiMAX operating in the 3.3–3.8 GHz band and the WLAN 

operating between 2.4–2.484 GHz for the lower band and 

between 5.15–5.825 GHz for the upper band. For that 

reason, UWB MIMO antenna with bands rejected 

performance is desired [7, 8]. Recently, many UWB MIMO 

antennas with bands notched function have been discussed 

[9-14], but there are no realistic environmental tests for 

these antennas.  

The Surfaces Penetrating (SP) capability is considered 

for a variety of applications including environmental and 

civil engineering applications [15]. For all SP systems, 

antennas are the indispensable components that determine 

the performances of the system [16]. The varieties and the 

requirements of the SP application have attracted more 

interest to design new systems with efficient antennas [17]. 

Until now, several types of antennas have appeared in the 

literature for various SP applications such as those in [18-

25].  

A double exponentially tapered slot antenna that has a 

big volume of 258×210×1.5 mm
3
 and operates in the 

frequency range 0.22–6 GHz has been proposed in [18] for 

SP detection of a bury target. The same type of antenna with 

the same inconvenience of size has been investigated in [19] 

for a SP application. However, no more than 2.1 GHz 

impedance bandwidth with a lower frequency of 1.4 GHz 

has been achieved. Presenting the same drawback of the 

narrow bandwidth between 250 MHz and 750 MHz, a 

bowtie antenna that has a huge structure of about 180×300 

mm
2  

has been proposed in [20] for SP system. While an 

excellent penetration depth with a high resolution can be 

achieved mostly by using SP systems with wideband 

antennas [21]. In [22] a tapered TEM horn antenna covering 

a wide frequency range 0.83–12.8 GHz has been 

investigated for the Asphalts Pavement, however its 

voluminous size of 178×140×251 mm
3
 is the major 

constraint which can be awkward in some applications. In 

[23] a single port umbrella shaped UWB antenna with a size 

of 35×30×0.8 mm
3
 has been tested in a closed proximity of 

Sandy Soil for ground coupling applications. In [24] a single 

port leaf-shaped UWB antenna has been proposed for SP 

application; the antenna has been tested only in a closed 

proximity of Soil. The similar antenna with a triple-notched 

band performance has been tested in a closed proximity of 

Sand, Wood, and Glass in [25]. The same FSS layers have 

been investigated on the same type of antenna in [26-28] for 

the ground penetrating purpose; the bed test has consisted 

basically of sand and wood in [26] and of sand in [27, 28]. 

However, choosing other surfaces for the test is a great 

necessity. We will have to design antennas according to the 

existing construction and decoration materials, or to choose 

the appropriate materials depending on the existing systems 

and on the job that we want to exercise inside. 
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A compact coplanar waveguide fed dual-band notched 

UWB MIMO antenna for wireless communication systems 

application with SP capability is introduced in this paper. 

The proposed antenna covers a wide bandwidth 1.57–12.4 

GHz with a dual-band rejection performance from 2.04 

GHz to 3.98 GHz and from 4.8 GHz to 6.22 GHz to avoid 

the interference with the co-existing systems. The two 

notched bands are achieved by introducing two symmetrical 

strips and three linked equal radius circles inside the 

radiating patches. All the designs are firstly achieved by 

employing the commercial software packages CST 

Microwave Studio
TM

 version 2016 [29]. To demonstrate the 

effectiveness of the proposed antenna for the SP 

application, the effects of numerous construction and 

decoration materials on the antenna’s reflection coefficients 

are measured. Gypsum, White Portland Cement, Slate, 

Marble, Wood and Reinforced Concrete are tested in this 

paper. 

2. Configuration and analysis of the antenna with 

a single port 

The configuration of the proposed antenna with a single 

radiating element is presented in the Figure 1. The antenna is 

designed using the low-cost FR4 epoxy substrate (relative 

dielectric constant of 4.4 and a loss tangent of 0.025), with a 

size of 0.17λ0×0.139λ0×0.008λ0 at 1.57 GHz. The radiating 

element consists of a modified open annular shape. A 

corrugated geometry is applied at the outer edge of the 

radiating element by using a successive subtraction then 

addition of half circles as shown in the Figure 1(a). The 

influence of the radius r4 of these half circles on the 

reflection coefficient of the UWB antenna is presented in the 

Figure 2, an optimized radius r4=0.51 mm is used. In 

addition, the metal is removed from the top part of the 

radiating circular ring characterized by a low concentration 

current distribution. Consequently, a lighter weight can be 

obtained which is especially enviable from the 

miniaturization viewpoint. Further degrees of flexibility in 

the design and possibly reduced conductor losses are 

attained. To achieve the same objectives, two elliptical slots 

with radius of (r2, r3) are inserted on the two sides of the 

ground plane. The inner corners of the ground plane are 

truncated for adjusting the capacitive and the inductive 

coupling between the radiating open annular patch and the 

ground plane. Consequently, a better impedance matching 

and a larger impedance bandwidth can be obtained. In order 

to avoid the interference with the co-existing systems, two 

symmetrical strips and three linked equal radius circles are 

etched inside the open annular patch. The first notched band 

centered at 3.5 GHz is achieved by etching two symmetrical 

strips that act as a single half guided wavelength resonator at 

the same resonating frequency. Another resonator formed by 

linking equal radius circles of a total effective length equal 

to a quarter guided wavelength is placed between the two 

symmetrical strips to achieve the second notched band 

centered at 5 GHz. Based on the other published works like 

[30], the frequency center of the two notches can be deduced 

by the two equations (1) and (2). 

   
(1)

1 2 2 1 2
lower notch

g r TS r

c c
f

L  
 

 

  

   
(2)

1 2 4 1 2
upper notch

g r TC r

c c
f

L  
 

 

  
Here εr  is the dielectric constant of the substrate, c denotes 

the speed of light in free space, λg  is the guided wavelength, 

LTS is the sum of the total effective length of the two 

symmetrical strips that is calculated as LTS =2(L1+W1) 

where  L1 and  W1 are respectively the length and the width 

of each strip, LTC is the total effective length of the linked 

circles that is calculated as LTC=L2+W2 where L2 and W2 are 

respectively the total length of the linked circles and the 

diameter of each circle. 

 

 
                                              (a) 

 
                                            (b) 
Figure 1: Proposed dual-band notched UWB antenna with a single 

element, (a) Construction steps of the antenna, (b) Detailed 

configuration of the antenna. 
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The dimensions of the proposed antenna are optimized to 

maximaze the frequency bandwidth. All the geometrical 

dimensions of the proposed UWB antenna (Figure 1(b)) 

with a single element are as follows:  

L1=11.176 mm, L2=7.874 mm, w1=0.508 mm, w2=1.524 

mm, w3=7.62 mm, w4=4.064 mm, L3=3.556 mm, L4=4.064 

mm, r1=17.78 mm, r2=6.096 mm, r3 =3.048 mm, r4 =0.51 

mm, L5=1.27 mm, L6=2.032 mm, L7= 5.08 mm, L8=0.762 

mm, w5=1.27 mm, w6=1.016 mm, w7=0.508 mm, w8=7.874 

mm, w9=2.54 mm, w10=3.556 mm, w11=11.176 mm, 

w12=8.64 mm, w13=4.32 mm,  g=0.254 mm, s=4.318 mm, 

p=3.302 mm. 

The influences of the position and the length of the 

two strips and of the linked circles on the dual-notched band 

are carried out to show the structures responsible for the 

bands rejection function. Figure 3(a) shows that a sufficient 

distance between the two symmetrical strips need to be 

preserved, an acceptable distance of w12 =8.64 mm is used 

in the proposed antenna. In addition, Figure 3(b) shows that 

if the linked circles shift to one of the two strips, the upper 

notched band is affected. The three linked circles are placed 

in the middle (for w13=4.32 mm) between the two 

symmetrical strips in the proposed antenna. 

 As depicted in Figure 3(c), the center of the lower 

rejected band shifts for the low frequency side by escalating 

the length L1 of the two symmetrical strips from 9.906 mm 

to 12.446 mm. Besides, tuning this dimension has no effect 

on the upper notched-band. Figure 3(d) indicates that when 

the total length L2 of the linked circles resonator escalates 

from 6.223 mm to 8.89 mm the center of the upper notched 

band shifts for the lower frequency side without any effects 

on the lower rejected band. Thus, the lower notched band 

width is decided by the two symmetrical strips while the 

upper notched-band is decided by the linked circles. The 

current density on the antenna’s surface with a single 

element is useful to show the structures responsible for the 

production of the two notched bands. High current 

distributions along the two investigated strips and on the 

linked circles at 3.75 GHz and 5.25 GHz, respectively, are 

detected. 
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Figure 2: Influence of the radius of the successive half 

circles used to create the corrugations on the reflection 

coefficient of the dual-band notched UWB antenna with a 

single element. 
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                                       (d) 

Figure 3: Influence of the positions and the lengths of the 

injected parasitic elements on the reflection coefficient of 

the dual-band notched UWB antenna with a single element, 

(a) Position of the two symmetrical strips, (b) Position of 

the linked circles, (c) Length of the two symmetrical strips 

(L1), (d) Length of the linked circles (L2). 
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                              (a) 

 

 
 

                                        (b) 

Figure 4: Current density on the antenna’s surface with a single 

element at the bands notched frequencies at (a) 3.75 GHz, (b) 5.25 

GHz. 
 

As shown in Figure 4(a), a strong homogeneous current 

density is found along the two symmetrical strips at 3.75 

GHz, the current propagation is deterred and the antenna 

does not respond. A poor current flowed along the linked 

circles is observed which indicates a nil contribution of this 

resonator on the production of the lower notched band. In 

Figure 4(b) the distributed current at 5.25 GHz is mostly 

concentrates around the linked circles while the currents 

along the two symmetrical strips are fairly small, which 

indicate that the linked circles are the responsible for the 

generation of the second notched band 5.25 GHz, and 

tuning the dimensions of the two symmetrical strips doesn't 

influt on the upper notched-band. 

 

3. Dual-band notched UWB MIMO antenna 

design  

Figure 5 shows the configuration and a photo of the 

fabricated prototype MIMO antenna. The two ports MIMO 

antenna is printed on the FR4 epoxy substrate with overall 

size of 0.293λ0×0.17λ0×0.008λ0 at 1.57 GHz. The two 

radiating elements save the same dimensions of the 

antenna’s radiating element with a single port. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 5: Fabricated prototype of the proposed dual-band notched 

UWB MIMO antenna. 
 

The S-parameters of the proposed coplanar waveguide 

fed dual-band notched UWB MIMO antenna are measured 

using the R&S®ZNB Vector Network Analyzer. From the 

experimental results (Figure 6(a)), the −10 dB bandwidth of 

the antenna covers a wide bandwidth 1.57–12.4 GHz 

(155.05%) with a dual-band rejected from 2.04 GHz to 3.98 

GHz and from 4.8 GHz to 6.22 GHz. Besides, the S11/ S22 

parameters are nearly below −10 dB in the whole operating 

bandwidth. In addition, it can be seen that the isolation ports 

S12/ S21 are nearly below -10 dB throughout the entire 

operating bandwidth (Figure 6(b)), a good agreement 

between the simulated and the measured results are 

obtained. As depicted from the measured S12 and S21 phase 

responses (Figure 6(c)), linear appearances over the pass 

frequency band are obtained that signifies a low dispersion. 

Nonlinear phase responses are detected at the dual-rejected 

band. 
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                                          (c) 

Figure 6:  S-parameters of the proposed dual-band notched 

UWB MIMO antenna, (a) Measured S11 and S22, (b) 

Measured and simulated S12 and S21, (c) Measured phase 

responses of S12 and S21. 

 

The simulated normalized co-polarization and cross-

polarization radiation patterns for the proposed dual-band 

notched UWB MIMO antenna in both the xz-plane (H-

plane) and the yz-plane (E-plane) over various designated 

frequencies 3.5 GHz, 5 GHz, 8.5 GHz and 10.5 GHz are 

depicted in Figures 7. It is noticed that the co-polarization 

radiation patterns are nearly omnidirectional over the 

operating band which are appropriate for the SP application; 

similar appearances are noted in [31].  

As the frequency increases, the radiation patterns 

undergo a slight deformation compared to those of lower 

frequencies. The revealed E-plane co-polarization and 

cross-polarization  patterns from Port 2 are mirror image of 

those from Port 1, along the yz-plane. Besides, the H-plane 

co-polarization and cross-polarization patterns are almost 

identical to those from Port 1 due to the evenly shape of the 

two radiating elements. As depicted in Figure 8 showing the 

simulated realized gain, except at the notched bands, a 

consistent gain is achieved that is better than the ones 

achieved in [32-34].      
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                                                     (d) 

Figure 7: Normalized radiation patterns at different 

frequencies from Port 1, (a) Co-polarization in the xz-plane, 

(b) Co-polarization in the yz-plane, (c) Cross-polarization in 

the xz-plane, (d) Cross-polarization in the yz-plane. 
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Figure 8:  Realized gain achieved by the proposed dual-band 

notched UWB MIMO antenna. 

                                                

The diversity performance of the MIMO antenna can be 

usually estimated by the envelope correlation coefficient 

ECC and the diversity gain DG parameters. The ECC 

parameter, which can be calculated in terms of the field 

radiation patterns of the radiating elements, and the DG 

parameter are given by the following formulas [35]:  

   

   

1 2

1 2

2

, ,

4

2 2
, ,

4 4

P P d

ECC

P d P d

   



   

 

 



  

 
  

                   (3) 

 

2
10 1DG ECC                                                                           (4) 

 

Here 1P and 2P  are the field radiation patterns of the two 

radiating elements, Ω denotes the solid angle and * is the 

Hermitian product.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9:  Envelope correlation coefficient and diversity 

gain performances of the proposed dual-band notched UWB 

MIMO antenna. 

As depicted in the Figure 9, the simulated envelope 

correlation coefficient (ECC) evaluated from the far-field 

characteristics of the radiating elements is found less than 

0.185 that is well under the usual tolerable value 0.5. In 

addition, the simulated diversity gain (DG) is nearly 10 dB 

within the considered frequency band (˃9.55 dB), which 

indicates the good diversity performance is achieved. 

4. Surfaces penetrating test  

In this section, the reflection coefficients of the proposed 

dual-band notched UWB MIMO antenna are measured by 

keeping the antenna in touch condition to different realistic 

environments, as depicted in Figure 10. 

Different construction and decoration materials are 

chosen: Marble, Slate, Reinforced Concrete, Wood, Gypsum 

and White Portland Cement, Figure 11. The materials: 

Gypsum, White Portland Cement, Concrete and Reinforced 

Concrete are tested in solid form and specimens are 

fabricated by the following sizes and mixed by the 

subsequent portions:   

 Reinforced Concrete (155×122.3×85 mm
3
): 2 portions of 

grey Portland Cement Powder, 1 portion of white 

building Sand, 1 portion of yellow building Sand, 1 

portion of Water, 2 portions of 9-19 mm crushed Gravel, 

5 building Iron rods of 9 mm diameter,  

 Concrete (131.5×110.11×21.48 mm
3
): 2 portions of grey 

Portland Cement Powder, 1 portion of yellow building 

Sand, 1 portion of white building Sand, 1 portion of 

Water, 2 portions of 9-19 mm crushed Gravel, 5 building 

Iron rods of 6 mm diameter,  

 Gypsum (149.7×103.2×127.75 mm
3
): 2 portions of 

Gypsum Powder, 0.8 portion of Water,  

 White Portland Cement (145.2×101.3×119.7 mm
3
):  2 

portions of white Portland Cement Powder, 1 portion of 

Water. 

 

The thickness of each tested specimen is as follow: Marble 

(hm)=89.9 mm, Slate (hs)=95.7 mm, Concrete (hrc)=21.48 

mm, Reinforced Concrete (hrc)=85 mm, Gypsum 

(hG)=127.7 mm, White Portland Cement (hwc)=119.7 mm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Reflection coefficients measurements of the 

MIMO antenna in contact condition with different building 

and decoration surfaces. 

 

2 4 6 8 10 12 14 16 18 20
-9
-8
-7
-6
-5
-4
-3
-2
-1
0
1
2
3
4
5
6

R
ea

li
ze

d
 G

a
in

 (
d

B
i)

Frequency (GHz)

  

2 4 6 8 10 12 14 16 18 20
0,0

0,1

0,2

0,3

0,4

0,5
 ECC

 DG

Frequency (GHz)

E
C

C

9,2

9,4

9,6

9,8

10,0

 D
G

 (
d

B
)

 

 

11



7 

 

Figure 12((a) and (b)) show that the Gypsum (hg)=127.7  

mm and the White Portland Cement (hwpc)=119.7 mm give 

nearly the same reflection coefficients appearances. As 

depicted in Figure 12((c), (d)), the Marble and Slate, that 

having thicknesses of around 90 mm, have approximately 

the same reflection coefficients appearances. The Concrete, 

that is well-known as a high loss construction material, its 

reinforcement in thickness (from 21.48 mm to 85 mm) and 

in Iron diameter (from 6 mm to 9 mm) affect much more 

the wave and diminish the bandwidth of the two notched-

bands, Figure 12((e), (f)). Furthermore, Figure 12((g) and 

(h)) indicate that the wood (hw)=180 mm has less influence 

on the wave compared with the Reinforced Concrete (hrc)= 

85 mm. As evident from the Figure 12 with comparing all 

the materials tested in this section a high penetration 

distance of the wave can be perceived by the wood 

(hw)=180 mm. In addition, with all the construction and 

decoration materials examined in this section, the two bands 

corresponding to WiMaX and WLAN remain rejected and 

faintly affected by the change of the materials. As depicted 

in Table 1, several materials with thicker thickness are 

examined in this work compared to the materials tested in 

recent works. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11:  Types of surfaces used for the SP test, (a) 

Gypsum, (b) White Portland Cement, (c) Slate, (d) Marble, 

(e) Concrete, (f) Reinforced Concrete, (g) Wood. 
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Figure 12:  Measured reflection coefficients’ comparison by the surfaces coupling. 

Table 1: Measurements achieved in this work as a comparison with other recent works. 

 

Reference Year Bandwidth [GHz] Notched bands Examined materials Thickness [mm] 

[23] 2017 3.1-13.1 No Sandy Soil 101.6 

[24] 2018 2-14 No  Soil 28 and 56 

[25] 2018 2.58-11.62 Yes  Sand 

Wood                  

Glass 

25.4 

25.4 

25.4 

[26] 2018 3-20 No Sand 

Wood 

25.4 

25.4 

[27] 2018 3-14.64 No Sand 101.6 

[28] 2018 1.75-10.3 Yes Sand 12.7 and 25.4 

This work 2018 1.57-12.4 Yes Free space 

Gypsum 

White Cement 

Slate 

Marble 

Wood  

Reinforced Concrete 

- 

127.75 

119.7 

95.7 

89.9 

180 

85 

 

5. Conclusions 

A compact printed coplanar waveguide fed UWB MIMO 

antenna with dual-band notched performance, for wireless 

communication systems with a high penetrating capability, 

has been successfully implemented and discussed. The dual-

band notched performance has been attained by introducing 

two symmetrical strips and three linked equal radius circles 

inside the radiating patches. The measured impedance 
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bandwidth extends from 1.57 GHz to 12.4 GHz (155.05%), 

covering the unlicensed UWB spectrum that ranges between 

3.1 GHz and 10.6 GHz with two controlled notches from 

2.04 GHz to 3.94 GHz and from 4.8 GHz to 6.22 GHz. So, 

the antenna can avoid the interferences from co-existing 

systems. Surfaces penetrating test for the proposed MIMO 

antenna in touch condition of numerous construction and 

decoration materials has been achieved. With all the 

examined surfaces, the antenna preserves almost the same 

reflection coefficients appearances. An excellent penetrating 

capability is measured which proves the ability of the 

proposed antenna to work as SP antenna. 
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