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I. INTRODUCTION 

The rapidly increasing demand for broadband traffic is driv-

ing the need for cellular networks with higher capacity. In these 

communication systems, high data transmission rates and low 

bit error probability are common requirements [1–3]. Multiple-

input multiple-output (MIMO) systems have been broadly in-

vestigated because they can increase the channel capacity with-

out sacrificing additional spectra [4]. Multiple antennas, which 

are used in wireless local area networks (WLANs), can increase 

the channel capacity [5]. Several antennas have been designed 

with various patterns for indoor access points (IAPs). Omni-

directional antennas (such as dipole antennas) and directional 

antennas (such as patch antennas) are generally useful for a vari-

ety of access points (APs), because the radiation patterns of 

these antennas allow for good transmission and reception from 

mobile units. Omni-directional antennas feature a radiation 

pattern that is nearly symmetric [6–8]. The directional pattern 

in patch antennas affects the radio frequency (RF) coverage by 

focusing the bulk of the RF energy in a specific direction [9, 10]. 
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Abstract 
 

A wide-band multiple-input multiple-output (MIMO) antenna with dual-band (2.4 and 5 GHz) operation is proposed for premium 

indoor access points (IAPs). Typically, an omni-directional pattern is used for dipole antennas and a directional radiation pattern is used 

for patch antennas. In this paper, both antenna types were used to compare their performance with that of the proposed 2 × 2 MIMO 

antenna. We simulated and measured the performance of the MIMO antenna, including the isolation, envelope correlation coefficient 

(ECC), mean effective gain (MEG) for the IAPs, and the throughput, in order to determine its communication quality. The performance 

of the antennas was analyzed according to the ECC and MEG. The proposed antenna has sufficient performance and excellent charac-

teristics, making it suitable for IAPs. We analyzed the communication performance of wireless networks using the throughput data of a 

typical office environment. The network throughput of an 802.11n device was used for the comparison and was conducted according to 

the antenna type. The results showed that the values of the ECC, MEG, and the throughput have unique characteristics in terms of their 

directivity, antenna gains, isolation, etc. This paper also discusses the communication performance of various aspects of MIMO in multi-

path situations. 
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Dual bands with a broad bandwidth are advantageous for wire-

less networks in order to allow a greater number of devices to 

share the available space. However, dipole and patch antennas 

typically have a narrow bandwidth, and it is particularly difficult 

to implement a dual-band (2.4 and 5 GHz) patch antenna with 

a wide band. Several researchers have studied the communica-

tion performance of WLANs using the 802.11 MAC protocol. 

The throughput performance of the 802.11 WLAN has been 

simulated using many interesting methods. Modelling the 

throughput performance in a WLAN involves studying pa-

rameters such as the packet length and the transmission rate [11, 

12]. However, researchers have validated only a predictive mod-

el and simulated data transmission with different packet lengths 

and hotspots [13]. Other researchers have evaluated perfor-

mance according to different clients with representative 802.11 

chipsets [14]. In addition, throughput data has been simulated 

in terms of beam patterns in a scattering environment [15]. 

However, no studies have measured throughput data in real 

multipath conditions or analyzed MIMO performance. 

In this paper, two typical antennas that represent omnidirec-

tional and directional radiation patterns were designed to com-

pare the performance of these antennas with that of MIMO in 

an IAP. The antennas were composed of dual bands (2.4 and 5 

GHz) and designed according to their radiation pattern. The 

frequency covers the entire WLAN band (IEEE 802.11b/g and 

802.11a/j) and the antennas have sufficient gain and beam cov-

erage to be applied to a premium access point, which requires 

the antenna to operate in the full frequency band for WLAN 

service. First, the dipole antenna with omni-directional pattern 

was designed. Then, the dipole antenna was designed using 

back-to-back radiators. The dipole antenna was arrayed to en-

hance the gain and was optimized with a transformer. The pro-

posed omni-directional antenna operates over a broadband and 

covers nearly 360 degrees. Further, a dual-band, slot-coupled, 

patch antenna with a directional pattern was designed. Radia-

tion was used to focus the radio signal in order to direct the en-

ergy in specific directions. Patch antennas are generally recom-

mended to be placed down hospital hallways or office corridors. 

To improve the directivity of the proposed antenna, we used 

parasitic elements and a reflector. The proposed antenna en-

hanced the bandwidth by more than 18% at the 5 GHz band 

[16]. High isolation and a low envelope correlation coefficient 

(ECC) are required in MIMO systems [17–20]. We analyzed 

the isolation and the ECC. The mean effective gain (MEG) of 

the antenna elements has been widely used to describe the di-

versity performance of multiple-antenna systems in random 

multipath, which exist in reflection, diffraction, and scattering. 

The proposed MIMO antenna has high isolation, a low ECC, 

and a high enough MEG. Next, we evaluated the throughput 

performance of WLANs according to the gain, directivity, and 

isolation in a real office environment. 

II. PROPOSED ANTENNA STRUCTURE 

1. Dipole Antenna with an Omni-directional Radiation Pattern 

Fig. 1 shows a perspective drawing of the dipole antenna. 

Each dipole is optimized for 2.4 GHz and 5 GHz and includes 

the upper and lower portions of the antenna, such that the an-

tenna is operable as a standard half-wavelength dipole antenna. 

In order to maximize the gain of the proposed antenna, the ra-

diating dipole elements were separated by a distance of 0.6g, as 

shown in Fig. 1(a). The proposed structure is symmetrical on 

the right and left. Fig. 1(b) also illustrates the geometry and 

configuration of the proposed dual-band dipole antenna, which 

is printed on a 0.8-mm thick RF30 (Taconic Inc.). The top 

plane consists of high-band (5 GHz) and low-band (2.4 GHz) 

radiating elements; the line of the high-band element is 11 mm, 

and the line of the low-band element is 23 mm. The distance 

between the high-band elements is 8 mm and the distance be-

tween the low-band elements is 11 mm. A quarter-wave trans-

former was implemented to match the 70.7 Ω and 100 Ω lines 

with the 50 Ω microstrip line. The width of the quarter-wave 

transformer was optimized for each characteristic impedance. 

The 100-Ω line is 20.7 mm, the 70.7-Ω line is 4 mm, and the 

50-Ω line is 12.3 mm. The impedance of the 100-Ω line was  

 

 
(a) 

 

 
(b) 

 

   
(c)                              (d) 

Fig. 1. Dipole antenna: (a) dipole antenna, (b) top and bottom, (c) 

side, and (d) MIMO antenna. 
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divided into the 50-Ω line. The ground width of the bottom 

plane is 2 mm. To improve the impedance of the proposed an-

tenna, we used the stub elements, S1 and S2, at the bottom plane. 

Both S1 and S2 are configured with g/4 open stub. S1 is 3 mm 

× 1.8 mm, and it was placed 13.9 mm away from the feed. S2 is 

6 mm × 2 mm, and was placed 31 mm from the feed. The de-

tailed feeding structure is shown in Fig. 1(c); the feed of the 

bottom plane is connected to that of the top plane. The antenna 

array is composed of two dipole antenna elements. The two 

microstrip lines used for the array configuration were printed on 

the top layer. As shown in Fig. 1(c), if the input port impedance 

of P0 is Z0 (50 Ω), and the two output ports have the same im-

pedance of Z1 = 2 × Z0 (100 Ω), then the input power can be 

equally divided into the output ports. The MIMO antenna is 

composed of four dipole antennas with a 2 × 2 structure. The 

overall size of the MIMO antenna is 160 mm × 160 mm, as 

shown in Fig 1(d). 

The distance between the two radiators is 0.67g (80 mm) at 

the 2.4 GHz band and 1.3g (80 mm) at the 5.4 GHz band. 

The fabricated dipole antenna is shown in Fig. 2. The electric 

energy density of the antenna is shown in Fig. 3. The electric 

energy shows that each high and low-band radiating element 

plays a role in determining the operating frequency. 

 

2. Patch Antenna with a Directional Radiation Pattern 

The configuration of the proposed patch antenna is shown in 

Fig. 4 and that of the slot antenna is shown in Fig. 4(a) [21]. 

The size of the reflector is 80 mm × 80 mm. The substrate that 

the first radiator was printed on was an RF 30 by Taconic Inc. 

with a 0.8 mm thickness and relative permittivity (εr) of 2.9. 

The size of the substrate is 56 mm × 56 mm. It is configured as 

a bow-tie shape to enhance the bandwidth at the 2 GHz band. 

 

 
Fig. 2. Dipole antenna fabricated for an indoor access point. 

 

 
Fig. 3. Electric energy density (J/m3) of the dipole antenna at the 

2.4 GHz (a) and 5.4 GHz (b) bands. 

 
(a) 

 
(b) 

 
(c) 

Fig. 4. Patch antenna: (a) top, (b) side, and (c) MIMO antenna. 

 

The dimension of the slot with the bow-tie shape is 39.4 mm  

×  6 mm so it can operate at 2.4 GHz. The length of the feed 

line on the slot antenna is 29.5 mm and the width of the feed 

line is 2 mm, for a characteristic impedance of 50 Ω. The radia-

tor size of the patch antenna of the second radiator operating at 

the 5 GHz band is 60 mm × 60 mm, and the rectangular patch 

(P1) on the center of the second radiator is 14 mm × 14 mm. 

This antenna was printed on a 1 mm thick substrate (FR-4: εr  

= 4.4, tan δ = 0.02) [22]. All metal was etched with copper, 

and the depth of etching copper is 17.5 μm (0.5 oz). The patch 

is usually 0.3333 < Length < 0.5, where  is the free-space 

wavelength. The patch is designed to be very thin such that t < < 

 (where t is the patch thickness). The height h of the dielectric 

is usually 0.003 ≤ h ≤ 0.05 The optimized dimen-

sions of the four parasitic patches (P2) are 15.5 mm × 15.5 mm 

and they are separated from the rectangular patch (P1) by 0.5g  
at the 5 GHz band (7.5 mm). The chocks (28 mm  ×  1 mm) 

were etched on the patch antenna with a gap of 1 mm from the 

parasitic patch (P2). The azimuth beam width is wider than the  
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Fig. 5. Patch antenna fabricated for an indoor access point. 

 

 
(a)                   (b) 

Fig. 6. Electric energy density (J/m3) of the patch antenna at the 

2.4 GHz (a) and 5.4 GHz (b) bands. 

 

elevation beam width. The chock of the second radiator de-

creases the beam width of the azimuth. Controlling the beam 

width can improve isolation among the radiators in MIMO 

structures. A side view of the proposed antenna is shown in Fig. 

4(b). The distance between the slot antenna and the reflector is 

6 mm, and the distance between the first and second radiator is 

5 mm (1/8g at the 5 GHz band). The MIMO antenna is 

composed of four patch elements, as shown in Fig 4(c). The 

MIMO antenna overall is 160 mm × 160 mm. The distance 

among the patch radiators is 0.67g (80 mm) at the 2.4 GHz 

band and 1.3g (80 mm) at the 5.4 GHz band. The fabricated 

patch antenna is shown in Fig. 5, and the electric energy density 

is shown in Fig. 6. As pictured, the electric energy density of the 

rectangular patch (P1) is transferred to the parasitic patch (P2) by 

coupling. The simulation showed that parasitic patches play a 

role in determining the bandwidth at the 5 GHz band. 

III. MIMO PERFORMANCE OF THE PROPOSED ANTENNA  

The MEG was defined in [24] as the ratio between the mean 

received power of the antenna and the total mean incident pow-

er. It can be calculated by (1): 
 

( )



rec

V H

P
MEG

P P
 
(1)

 

The expression for the MEG can be rearranged as the fol-

lowing equation: 
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where Gθ (θ, ϕ) and Gϕ (θ, ϕ) are the θ and ϕ components of 

the antenna power gain pattern, respectively, and Pθ (θ, ϕ) and 

Pϕ (θ, ϕ) are the θ and ϕ components of the angular density 

functions of the incoming plane waves, respectively.  

We analyzed MEG according to the propagation models. 

The wireless channel is modelled to specify the incident field in 

the form of an angular density function. In this paper, we used 

the typical model of an incident field using both the uniform 

spread in the azimuth angle and Gaussian spread in elevation 

angle according to the general method of MIMO measurement. 

The statistical distribution of Gaussian in the elevation angle (θ) 

is determined by the following equation: 
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Also, the statistical distribution of uniform in azimuth angle 

(Φ) is determined by the following equation: 
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(4) 

where mv and mh are, respectively, the mean elevation angle of 

each vertically polarized and horizontally polarized wave distri-

bution observed from the horizontal direction. In addition, σ 
refers to the standard deviation of the vertical (σv) and horizon-

tal (σh) wave distributions, respectively. The angles of the sce-

nario parameters of the indoor environment are mv = 20°, mh  

= 20° and σv = 30°, σh = 30°, respectively. The antenna branch 

power ratio is MEG1/MEG2. In a good diversity system, the 

power levels of the signals received by the two antennas are 

similar. The ECC (ρe) between the two antennas can be calcu-

lated from the following complex correlation coefficient. 
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where Eθ and Eϕ denote the θ and ϕ polarized electric fields of 

the antennas. The correlation coefficient of the signals is related 

to the propagation environment and the radiated far-field  

characteristics. The relationship between the complex cross-

correlation coefficient ρ and the ECC (ρe) is obtained with |ρ|2
 

ρe. 
 

1. Measured Result of the MIMO Antenna with the Dipole An-

tenna with an Omni-directional Pattern 

Fig. 7 shows the measured isolation (S12, S13, and S14) and the 

reflection coefficient (S11, S22, S33, and S44) of the MIMO an- 
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Fig. 7. S-parameter of the dipole antenna. 

  

tenna. The return losses are less than -10 dB over the operating 

frequency band (2.4–2.48 GHz and 4.905–5.845 GHz). The 

proposed dipole antenna has a sufficiently broad bandwidth to 

satisfy the full band set by IEEE 802.11 standards. The feed 

point distance from the primary antenna is 0.67g (80 mm) at 

the 2.4 GHz band for best isolation. The isolation is below -15 

dB over the operating frequency band. However, in the case of 

S13 (isolation), it has good isolation compared to other ports, as 

the distance between port 1 and port 3 is longer than that be-

tween ports 1 and 2 or ports 1 and 4. Fig. 8 shows the measured 

radiation patterns of the proposed antenna according to the 

ports. In addition, Fig. 8 shows the radiation patterns in the Y-

X plane (0° ≤ Φ ≤ 360°) and X-Z (0° ≤ θ ≤ 360°) plane at 

2.44 GHz and 5.4 GHz. The radiation pattern of the proposed 

dipole antenna shows omni-directional characteristics and the 

measured peak gains of the ports are similar. Fig. 9 shows the 

measured peak gains and radiation efficiencies of the dipole 

antennas in the operating frequency bands. The peak gain of 

each port is 4.6–5.07 dBi at the center frequency (2.44 GHz) of 

the 2.4 GHz band and 6.24–6.5 dBi at the center frequency 

(5.4 GHz) of the 5 GHz band. The radiation efficiencies of 

each port are higher than 69% at 2.44 GHz and 66% at 5.4 

GHz. The results show that the dual-band omni-directional 

antenna achieves a high antenna gain and provides a wide 

bandwidth while maintaining a compact size. Table 1 shows 

ECC characteristics of the dipole antennas according to the 

frequency. The ECC can be calculated from the S-parameter 

with (5). The isolation (S12) improves as the distance between 

the proposed antennas increases. The ECC value for the high 

band (i.e., the 5.4 GHz band) is lower than that for the low 

band (i.e., the 2.42 GHz band), as the spatial separation of the 

two antennas is large at high frequencies (>1). The measure-

ment results of diversity parameters for the dipole antenna using 

a Gaussian spread are shown in Table 2. The MEG ratio is 

close to 1 dB. The MEG values of each antenna are less than 

0.1 dB [18]. As expected, the value of the MEG ratio between  

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 8. Radiation pattern of the dipole antenna: (a) port 1, (b) port 

2, (c) port 3, and (d) port 4. 

 

 
Fig. 9. Measured gain and radiation efficiency characteristics of the 

dipole antennas. 

 

port 1 and port 3 performs better compared to the MEG ratio 

with other ports. The other two MEG ratios for ports 1 and 2  
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Table 1. Measured ECC characteristics of the dipole antenna ac-

cording to the frequency 

Freq. (GHz) 
Feed 

Port1/Port2 Port1/Port3 Port1/Port4

2.4 0.03 0.02 0.043

2.42 0.038 0.025 0.055

2.48 0.041 0.03 0.054

4.095 0.032 0.031 0.067

5.25 0.024 0.023 0.031

5.45 0.027 0.014 0.023

5.75 0.015 0.009 0.019

5.845 0.013 0.007 0.021

 

and ports 1 and 4 show almost equally good characteristics. 

Each port has similar MEG values favorable for an independent 

channel in a multipath environment [25]. 
 

2. Measured Result of the MIMO Antenna with a Patch Anten-

na of in Directional Pattern  

The measured reflection coefficient (S11) of the proposed 

MIMO antenna is shown in Fig. 10. The distances between the 

antennas are 0.67g (80 mm) at 2.4 GHz and 1.3g (80 mm) at 

5 GHz. The measured return-loss result is almost equal to that 

of the reference antenna. The S11 of the antennas is less than -

10 dB (VSWR 2:1) at 2.4 GHz and 5 GHz. Patch antennas 

typically have a narrow bandwidth. However, the proposed an-

tenna improved the bandwidth with the use of a coupled feed 

and a parasitic element structure at the operating frequency. 

The isolation between each feed is also less than -15 dB over 

the operating band. The isolation (S13) is better than the isola-

tion between other ports like a dipole. In addition, the isolation 

performance (S12) in the parallel condition is better than that in 

the series (S14) condition due to the distribution of the E/H-

field. When the proposed antennas are located in a series, the 

E-field is created by a positive charge and a negative charge like 

a dipole at the center. As a result, the main beams are directed 

toward each other face-to-face due to the electric field. When 

the proposed antennas are parallel to one another, the main 

beam is relatively directed in the opposite direction plane be-

cause the H-field is canceled at the center [26].  

Fig. 11 shows the radiation patterns in the azimuth (Y-Z 

 
Fig. 10. S-parameter of the patch antenna. 

 

plane) and the elevation (X-Z plane) planes at 2.44 GHz and 

5.4 GHz. In the elevation plane pattern, the angle starts from 

the +x direction. The major lobe directed the signal at the +z 

direction (90°) and in the azimuth plane, the angle starts from 

the +y direction. 

Fig. 12 shows the measured peak gains and radiation efficien-

cies of the patch antennas in the operating frequency bands. 

The peak gain of each port is 6.7–7.24 dBi at 2.44 GHz and 

10.26–10.9 dBi at 5.4 GHz. The radiation efficiencies of each 

port are higher than 80% at both 2.44 GHz and 5.4 GHz fre-

quency. The correlation characteristics show a low ECC (<0.5) 

at 2.42 GHz and 5.4 GHz, respectively. The measurement re-

sults of diversity parameters for the patch antenna using a 

Gaussian spread are shown in Tables 4. It shows an equally 

good MEG value with a low ECC as the result of the dipole 

antenna. As a result, the best correlation and MEG are ob-

tained for the MIMO system. 

 

3. Measured Result of the Throughput Performance of the Wire-

less Networks 

In data communication systems, throughput is traditionally 

defined as the ratio of the amount of data over the time needed 

to transfer it. Thus, we use the general formula: 
 

Received data
Throughput

Transmission time


 

 
 

(7)

 

Table 2. Measured results of diversity parameters for the dipole antenna using Gaussian spread 

Freq. 

(GHz) 
Value 

MEG (dB) MEG ratio (dB)

MEG1 

Port1&2 

MEG2 

Port1&2 

MEG1 

Port1&3

MEG3 

Port1&3

MEG1 

Port1&4

MEG4

Port1&4
Port1/Port2 Port1/Port3 Port1/Port4

2.44 Uniform/ 

Gaussian 

-3.685 -3.925 -3.685 -3.497 -3.685 -4.067 0.939 1.054 0.904

5.4 Uniform/ 

Gaussian 

-4.237 -4.04 -4.237 -4.046 -4.237 -4.459 1.048 1.047 0.950



JOURNAL OF ELECTROMAGNETIC ENGINEERING AND SCIENCE, VOL. 19, NO. 1, JAN. 2019 

26 
   

  

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 11. Radiation pattern of the patch antenna: (a) port 1, (b) port 

2, (c) port 3, and (d) port 4. 
 

 
Fig. 12. Measured gain and radiation efficiency characteristics of 

the patch antennas. 

 

We define “received data” as the amount of 802.11 payload 

data successfully received by the destination node expressed in 

number of bits. The test was set up in a small room in a general 

Table 3. Measured ECC characteristics of the patch antenna ac-

cording to the frequency 

Freq. (GHz)
Feed 

Port1/Port2 Port1/Port3 Port1/Port4

2.4 0.037 0.027 0.092

2.42 0.027 0.018 0.068

2.48 0.015 0.018 0.021

4.095 0.037 0.003 0.029

5.25 0.012 0.003 0.021

5.45 0.002 0.001 0.006

5.75 0.002 0.001 0.003

5.845 0.001 0.001 0.006

 
 

office. The office’s dimensions are 6.3 m × 9 m, as shown in 

Fig. 13(a). The RX is composed of a MIMO antenna with 

802.11n support. The dipole and patch antennas of the TX are 

configured based on a ceiling mount as a general structure. The 

throughput depends heavily on its environment, including the 

distance between the client and the IAP, the presence of radio 

channel interference, obstacles such as furniture, walls etc., and 

signal reflections like scattering. Therefore, it was necessary to 

limit the impact of external factors that interfere with the IAP. 

Any radio devices that might interfere with the throughput 

were removed, and the internal and external conditions, includ-

ing all physical obstacles, the RF environment, and temperature 

conditions, were fixed. 

We focused on comparing the performance of the through-

put according to three main factors: the beam pattern, the an-

tenna gain, and the isolation between the ports. A block dia-

gram of the throughput measurements is shown in Fig. 13(b). 

All tests were measured using the Chariot program of Ixia Inc. 

The PC 1 at TX is composed of Endpoint 1 and the IAP with 

2 × 2 MIMO, and the PC 2 at RX is composed of Endpoint 2 

and the IAP with the proposed antenna. In addition, the     

IP addresses differed for the test runs. For example, when 

192.168.0.1 was assigned to Endpoint 1 in the test run, End-

point 2 was assigned to 168.168.0.2. The IAP of PC 1 sends a 

test signal to Endpoint 1. When all the endpoint pairs were 

ready, the two endpoint computers executed the test. The End-

point 1 computer collects the test results and timing records and 

sends them to IxChariot [27, 28]. The IAP chipset at the TX 

was the RTL8197D (Realtek Inc.) and the chipset of the wire-

less LAN card at the RX was RTL8812AU (Realtek Inc.). 

In order to equalize the conditions, we used the same PC and 

IAPs with wireless cards for all the tests, and the same packets 

with loads of 9.53 Mbytes. Fig. 14(a) shows the graph of a typi-

cal Transmission Control Protocol (TCP) throughput test with 

the dipole antenna, which is an omni-directional radiation pat-

tern. It is necessary to compare data throughput according to 
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(a) 

 

 
 (b) 

Fig. 13. The throughput measurement of wireless networks: (a) 

experimental and (b) block diagram. 

 

the directional and omni-directional patterns, which are typical 

radiation patterns for the general APs. The test was conducted 

consistently according to the different types of radiation patterns 

showing good isolations in the indoor condition. The experi-

ments were run three per port, and the average value was rec-

orded. The data packet cycle was run 180 times. Using a large 

time unit, we measured the average capacity of the IAP [29]. 

When the antennas at port 1 and port 2 were combined, the 

average throughput was found to be 139.13 Mbps. The meas-

ured throughput data of ports 1 and 3 combined was 149.8  

Mbps, and the throughput data measured by combining ports 1 

and 4 was 141.6 Mbps. The results of the TCP performance 

was similar to that of the port when isolation was high (less than 

-15 dB) over the operating frequency band; however, ports 1 

and 3 had slightly better TCP performance compared to the 

other ports, as the isolation between ports 1 and 3 was better 

than that for the other ports. 

Fig. 14(b) shows the typical TCP performance of the IAP 

with a patch antenna, which has a typical directional pattern. 

When the antennas at ports 1 and 2 were combined, the average 

throughput was 122.4 Mbps. The measured throughput data of 

ports 1 and 3 combined was 126.5 Mbps, and the throughput 

data measured by combining ports 1 and 4 was 123.5 Mbps. In 

wireless telecommunications, multipath is the result of radio 

 

 
(a) 

 
 (b) 

Fig. 14. Typical TCP performance of the IAP: (a) dipole antenna 

and (b) patch antenna. 

Table 4. Measured results of diversity parameters for the patch antenna using Gaussian spread

Freq. 

(GHz) 
Value 

MEG (dB) MEG ratio (dB)

MEG1 

Port1&2 

MEG2 

Port1&2 

MEG1 

Port1&3

MEG3 

Port1&3

MEG1 

Port1&4

MEG4

Port1&4

Port1/Port

2 

Port1/Port

3 

Port1/Port

4

2.44 Uniform/ 

Gaussian 

-5.143 -4.879 -5.143 -5.06 -5.143 -4.623 1.054 1.016 1.112

5.4 Uniform/ 

Gaussian 

-5.425 -5.895 -5.425 -5.554 -5.425 -6.045 0.920 0.976 0.897
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signals reaching the receiving antenna by two or more paths. In 

multipath environments, the diversity of the antennas involved 

affects the throughput data. The patch antenna with a relatively 

high gain has poor throughput data compared to the dipole 

antenna in an office environment. As the total power received 

by the antenna is the sum over the arriving planes waves from 

the distribution of the angles, it is shown that the directive an-

tenna as a patch enhances a relatively small number of incident 

waves. Therefore, the overall power is dependent on the angle 

of arrival and that received by the directive antenna is lower [15]. 

In an office environment, the dipole antenna with omni-

directional characteristics covers a wide area and has a higher 

maximum throughput compared to patch antennas. 

Ⅳ. CONCLUSION 

In this paper, we designed a wide and dual-band MIMO an-

tenna with an omnidirectional and directional radiation pattern 

for premium IAPs. We analyzed the MIMO performance us-

ing two types of antennas in the 2 × 2 MIMO system. The 

optimized frequencies were 2.4–2.4835 GHz and 4.905–5.845 

GHz. In order to analyze the proposed MIMO antenna for the 

IAPs, we simulated and measured the isolation. The isolation 

was below -15 dB. The proposed MIMO antenna has a low 

ECC (<0.5) with low correlations in a comparative analysis. 

The values of the MEG between the two antenna elements are 

less than 0.5 dB. The proposed MIMO antenna supports 

802.11n and is capable of providing a high-quality IAP. Finally, 

we analyzed the throughput performance according to the ra-

diation pattern, the antenna gain, and the isolation using the 

proposed antenna in an office area. We have shown that the 

MIMO antenna with an omni-directional pattern can improve 

throughput data in office environments with multipath. The 

results of this study should apply to 4 × 4 MIMO systems and 

provide guidance on the selection of suitable types of antennas 

for certain environments and particular purposes. 

 

This work was supported by a grant from the National Re-

search Foundation of Korea, which is funded by the Korean 

government (No. 2016R1D1A1B02012957). 

  

REFERENCES 

[1] J. Mietzner, R. Schober, L. Lampe, W. H. Gerstacker, and 

P. A. Hoeher, "Multiple-antenna techniques for wireless 

communications: a comprehensive literature survey," IEEE 

Communications Surveys and Tutorials, vol. 11, no. 2, pp. 87–

105, 2009. 

[2] R. Tian, B. K. Lau, and Z. Ying, "Multiplexing efficiency of 

MIMO antennas," IEEE Antennas and Wireless Propagation 

Letters, vol. 10, pp. 183–186, 2011. 

[3] S. Lim, W. C. Choi, and J. Y. Yoon, "Miniaturized radio 

frequency choke using modified stubs for high isolation in 

MIMO systems," Journal of Electromagnetic Engineering and 

Science, vol. 15, no. 4, pp. 219–223, 2015. 

[4] I. S. Yeom, and C. W. Jung, "Compact dual-band multiple 

input multiple output antenna with high isolation perfor-

mance," Microwave and Optical Technology Letters, vol. 52, 

no. 12, pp. 2808–2811, 2010. 

[5] D. Halperin, W. K. Hu, A. Sheth, and D. Wetherall, 

"802.11 with multiple antennas for dummies," ACM 

SIGCOMM Computer Communication Review, vol. 40, no. 1, 

pp. 19–25, 2010. 

[6] O. Tze-Meng, T. K. Geok, and A. W. Reza, "A dual-band 

omni-directional microstrip antenna," Progress in Electro-

magnetics Research, vol. 106, pp. 363–376, 2010. 

[7] Z. Zhang, M. F. Iskander, and J. C. Langer, and J. 

Mathews, "Dual-band WLAN dipole antenna using an in-

ternal matching circuit," IEEE Transactions on Antennas and 

Propagation, vol. 53, no. 5, pp. 1813–1818, 2005. 

[8] Y. J. Wu, B. H. Sun, J. F. Li, and Q. Z. Liu, "Triple-band 

omni-directional antenna for WLAN application," Progress 

In Electromagnetics Research, vol. 76, pp. 477–484, 2007. 

[9] S. He and J. Xie, "Analysis and design of a novel dual-band 

array antenna with a low profile for 2400/5800-MHz 

WLAN systems," IEEE Transactions on Antennas and Prop-

agation, vol. 58, no. 2, pp. 391–396, 2010. 

[10] D. C. Chang, B. H. Zeng, and J. C. Liu, "High perfor-

mance antenna array with patch antenna elements," in 

PIERS Proceedings, Xian, China, 2010, pp. 710-713. 

[11] G. Bianchi, "Performance analysis of the IEEE 802.11 

distributed coordination function," IEEE Journal on Select-

ed Areas in Communication, vol. 18, no. 3, pp. 535–547, 

2000. 

[12] M. Ekpenyong and J. Isabona, "Modeling throughput per-

formance in 802.11 WLAN," International Journal of Com-

puter Science Issues, vol. 7, no. 3, pp. 16–22, 2000. 

[13] C. Na, J. K. Chen, and T. S. Rappaport, "Measured traffic 

statistics and throughput of IEEE 802.11 b public WLAN 

hotspots with three different applications," IEEE Transac-

tions on Wireless Communications, vol. 5, no. 11, pp. 3296–

3305, 2006. 

[14] G. Rajagopalan, "802.11n client throughput performance," 

Aruba Networks, Sunnyvale, CA, 2008. 

[15] D. Wittwer, S. Azulay, M. Ellioot, M. Martiskainen, and 

S. Krupa, "The influence of antenna directivity on physical 

layer simulations of 802.11n devices," in Proceedings of 



YEOM et al.: WIDE AND DUAL-BAND MIMO ANTENNA WITH OMNIDIRECTIONAL AND DIRECTIONAL RADIATION PATTERNS FOR INDOOR … 

29 

  
 

IEEE International Conference on Microwaves, Communica-

tions, Antennas and Electronic Systems, Tel Aviv, Israel, 

2009, pp. 1–4. 

[16] S. Maci and G. B. Gentili, "Dual-frequency patch anten-

nas," IEEE Antennas and Propagation Magazine, vol. 39, 

no. 6, pp. 13–20, 1997. 

[17] P. S. Kildal, K. Rosengren, J. Byun, and J. Lee, "Definition 

of effective diversity gain and how to measure it in a rever-

beration chamber," Microwave and Optical Technology Let-

ters, vol. 34, no. 1, pp. 56–59, 2002. 

[18] Q. Wang, H. Zhang, D. Plettemeier, E. Ohlmer, and G. 

Fettweis, "Design and performance evaluation of handset 

MIMO antenna prototypes," in Proceedings of International 

ITG Workshop on Smart Antennas, Bremen, Germany, 2010, 

pp. 375–382. 

[19] B. Guo, O. Sotoudeh, G. Zhou, and Y. Cheng, "Antenna 

diversity for a mobile terminal: theory, simulation and 

measurement," in Proceedings of IEEE Global Telecommuni-

cations Conference, Honolulu, HI, 2009, pp. 1–6. 

[20] P. S. Kildal and K. Rosengren, "Correlation and capacity 

of MIMO systems and mutual coupling, radiation effi-

ciency, and diversity gain of their antennas: simulations 

and measurements in a reverberation chamber," IEEE 

Communication Magazine, vol. 42, no. 12, pp. 104–112, 

2004. 

[21] I. Yeom, J. M. Kim, and C. W. Jung, "Dual-band slot- 

coupled patch antenna with broad bandwidth and high di- 

    rectivity for WLAN access point," Electronics Letters, vol.   

 

 

 

 

Insu Yeom  
received his B.S. and M.S. degrees in electrical engi-

neering from Seoul National University of Science 

and Technology (SeoulTech), Seoul, Korea, in 2002 

and 2011. He also obtained a Ph.D. in electrical 

engineering from SeoulTech, Korea, in 2017. His 

current research interest focuses on MIMO antennas, 

reconfigurable antennas, and RF energy for heating 

systems. 

 

 

 

 

 

 

 

 

 

 

50, no. 10, pp. 726–728, 2014.  

[22] A. Majumder, "Rectangular microstrip patch antenna us-

ing coaxial probe feeding technique to operate in S-band," 

International Journal of Engineering Trends and Technology 

(IJETT), vol. 4, no. 4, pp. 1206–1210, 2013. 

[23] C. A. Balanis, Antenna Theory: Analysis and Design, 3rd ed. 

Hoboken, NJ: John Wiley & Sons, 2005. 

[24] T. Taga, "Analysis for mean effective gain of mobile an-

tennas in land mobile radio environments," IEEE Transac-

tions on Vehicular Technology, vol. 39, no. 2, pp. 117–131, 

1990. 

[25] Qualcomm, "Diversity Antenna Design Guidelines," Re-

lease 7.10 913-0949-04 Rev. A, 2006.  

[26] I. Yeom, H. Kim, J. Jung, and C. W. Jung, "Analysis of 

spatial/polarization diversity using a broadband slot‐

coupled patch antenna for the WLAN 802.11 A/B/G/N 

access point," Microwave and Optical Technology Letters, vol. 

57, no. 5, pp. 1042–1048, 2015. 

[27] Ixia, "IxChariot user guide," 80-V8782-5 Rev. B, 2006.  

[28] E. Pelletta, "Maximum throughput of IEEE 802.11 access 

points: test procedure and measurements," Master’s thesis, 

Royal Institute of Technology, Stockholm, Sweden, 2004. 

[29] A. L. Wijesinha, Y. T. Song, M. Krishnan, V. Mathur, J. 

Ahn, and V. Shyamasundar, "Throughput measurement 

for UDP traffic in an IEEE 802.11g WLAN," in Proceed-

ings of the 6th International Conference on Software Engineer-

ing, Artificial Intelligence, Networking and Parallel/ Distrib-

uted Computing, Towson, MD, 2005, pp. 220–225. 

 
 

 
 

 

Young-Bae Jung  
received a B.S. in radio science and engineering from 

Kwangwoon University, Seoul, Korea, in 1998, and 

M.S. and Ph.D. degrees in information and com-

munications engineering from Korea Advanced 

Institute of Science and Technology (KAIST), Dae-

jeon, Korea, in 2001 and 2009, respectively. From 

2001 to 2011, he was with the Electronics and Tele-

communications Research Institute (ETRI), Dae-

jeon, Korea, as a senior researcher. From March 2011, he has been an asso-

ciate professor in the Department of Electronics and Control Engineering, 

Hanbat National University, Daejeon, Korea. His work is focused on active 

phased array antenna systems and next generation mobile base-station 

antennas. His research interests include active phased array antenna systems 

and active/passive components in the field of RF and microwave. 

 

 

 

 

 

 



JOURNAL OF ELECTROMAGNETIC ENGINEERING AND SCIENCE, VOL. 19, NO. 1, JAN. 2019 

30 
   

  

Chang Won Jung  
received his B.S. degree in radio science and engi-

neering from Kwangwoon University, Korea, in 

1997 and his M.S. degree in Electrical Engineering 

from the University of Southern California, Los 

Angeles, USA, in 2001. He also obtained a Ph.D. in 

electrical engineering and computer science from the 

University of California, Irvine, USA, in 2005. Since 

2008, he has been a professor with the Graduate 

School of Nano·IT·Design Fusion, Seoul National University of Science 

and Technology. From 1997 to 1999, he was a research engineer in the 

wireless communication department of LG Information and Telecommu-

nication in Korea. From 2005 to 2008, he was a senior research engineer in 

the communication laboratory of Samsung Advanced Institute of Technol-

ogy, Korea. His research interests include antennas for MMMB communi-

cation systems, multifunctional reconfigurable antennas, EMI/EMC, mil-

limeter-wave applications, wireless power transfer for energy harvesting, 

transparent RF passive components etc. 

 

 
 


