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Abstract- Radiation pattern characteristics of reconfigurable 

asymmetry slotted ultra wideband antenna with multiple 

band-notched is presented. The proposed antenna is planar 

monopole, consisting of a microstrip feed line and modified L 

and U slots with a pentagonal patch on the front side and half 

ground plane is on the back side of the board. The 

measurements were conducted by using Radio Frequency 

measurement and instrumentation facilities, software tools 

available at the Wireless Communication Center in Universiti 

Teknologi Malaysia. The modified antennas are designed for 

having reconfigurable frequency notched at Fixed Wireless 

Access, High Performance Local Area Network, and Wireless 

Local Area Network. A good agreement is achieved between 

simulated and measured Voltage Standing Wave Ratio results. 

The measured result is approximately less than 2.2 over 3 GHz 

to 10 GHz. It was also observed that the measured radiation 

patterns, H-planes, are omnidirectional with a slight gain 

decreased at boresight direction for measuring frequencies. 

There are also more ripples occurred in the measured pattern 

compared with the simulated one. Comparison measured 

radiation patterns between asymmetry slotted antenna with 

and without notch band characteristic have been done. 

Multiple reflections, rotator alignment, probe rotary joint and 

room scattering are found as primary sources of errors that 

cause degradation in measured radiation patterns. Current 

distribution characteristic of the antenna is also reviewed. 

Keywords- reconfigurable antenna, slotted antenna, 

radiation pattern,  ultra wideband, band-notched antenna.  

I. INTRODUCTION  

Reconfigurable antenna is defined as the antenna 
capability to reconfigure several parameters such as 
operating frequencies, impedance bandwidth, polarizations, 
and radiation patterns to fulfill operating requirements. The 
development of this antenna posses significant challenges to 
both antenna and system designers. The challenges lie not 
only in obtaining the desired level of antenna functionality 
but also in integrating this functionality into complete 
systems to arrive at efficient and cost effective solution.  

This section reviews the concept of reconfigurable 
antennas that reuse their entire geometry for band-notched 
frequency Applications. Paper [1] is taken as a reference 
paper for this extension works. The concept is that each 
operating band resonates on the portion of the entire antenna 
geometry, therefore there is almost no extra size required to 

create multiband characteristics. A frequency shift can be 
achieved by connecting or disconnecting one or more 
antenna elements. Every configuration of an antenna will 
have a different resonating frequency and different radiation 
pattern. An antenna has to be designed with the objective 
that it should exhibit banding-notched behaviour and has to 
be compact. Various techniques used have been reported in 
literature [1][2][3][4][5][6][7][8][9][10][11][12][13][14][15].  

In [2], there are two varieties of slotted antennas which 
have a frequency notched reported, a triangular notch and 
elliptical notch. Both antennas have frequency notch 
characteristics where the arc length of slots form a half 
wavelength resonance structure of particular frequencies, 
thus a destructive interference takes place causing the 
antennas to be non-responsive at that frequency. Other types 
of this kind antenna was reported in [5], a band-notched 
UWB (ultra wideband) antenna using a slot-type SRR (split 
ring resonator) was found very effective in rejecting 
unwanted frequency, such as that for WLAN (Wireless Local 
Area Network) service, in terms of its selectivity and small 
dimension. The SRR is composed of two concentric split 
ring slots and proposed for band stop application, since it 
provides a high Q characteristic. The slotted SRR was 
positioned near the feeding point to provide more coupling 
with the field. A multiple band-notched planar monopole 
antenna using multiple U-shape slots for multi band wireless 
system was also presented in [6]. The half wavelength U-
shape slots were symmetrically inserted in the center of the 
planar element. In order to generate the two bands-notched 
characteristics, three U-shape slots were proposed.  

The notch bands were also obtained by inserting an L-
shaped slot in the ground plane [13]. The proposed antenna 
was fed by CPW (coplanar waveguide). By altering the 
length of the L-shaped slot, it can easily adjust the notched 
frequency. The similar techniques were also proposed in 
[14], the reject frequency was obtained by cutting a 
rectangular slot in the CPW ground which reduces the 
potential interference between UWB systems and the narrow 
systems. Thus, it is found that the use of slots for a patch or 
ground plane significantly provide band-notched 
characteristics. 

An alternative antenna design without using the slot to 
obtain band-notched characteristic was proposed in [7]. The 
antenna consists of two same size monopoles and a small 
strip bar at the center showing the band rejection 
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performance in the desired frequency bands. The use of strip 
bar leads to high impedance at the notch frequency. The total 
length of strip bar from the ground plane is equal to a 
quarter-wavelength at the notch frequency. 

In this paper, novel reconfigurable UWB antennas are 
designed by adopting the half wavelength slot structure 
technique. This technique has been found and proven in 
[2][5][6][13][14] as a very effective technique in providing 
band-notched characteristics. This paper mainly focuses on 
the reconfigurable notch band through the introduction of 
new slots, L and U slots, on the pentagonal patch antenna. 
This asymmetry couple slot, L and U, creates a  new novelty 
slot design. Most published papers use a uniform and 
symmetry slot structure for their antenna design. In this 
paper, it is shown that the asymmetry slots can be designed 
to form band-notched characteristics with comparable results 
to others. This slot structure chosen is mostly influenced by 
current distribution surrounding the antenna patch.  

Section II will discuss the antenna geometry and its 
current distribution characteristics. The techniques to design 
new reconfigurable slotted antennas having band-notched 
frequencies are also presented. The band-notched operation 
is achieved by incorporating some small gaps instead of pin 
diodes into the slot antenna. The term of small gaps in this 
paper will refer to switches. The switches are used to short 
the slot in pre-selected positions along the circumference. 
The length of the slot antenna can be lengthened or shorted 
by closing or opening the switches, allowing for a change in 
the notched frequency. Then the performances of 
reconfigurable antennas, in terms of the VSWR (voltage 
standing wave ratio) and radiation patterns, will be discussed 
and evaluated in Section III. Comparison measured radiation 
patterns between slotted antenna with and without band-
notched characteristic is also discussed. Errors in measured 
radiation patterns are further analyzed and presented. Finally, 
a conclusion will be given in Section IV. 

II. ANTENNA DESIGN 

Fig. 1 shows the proposed antenna structure printed on 
the FR4 substrate of εr = 4.6. The pentagonal antenna is 
vertically installed above a ground plane (lgrd) of 11 mm. The 
optimum feed gap (h) to the ground plane is found to be 1.5 
mm. The dimension of substrate is chosen to be 30 x 30 mm

2
 

(Wsub x Lsub) in this study. The antenna has a pentagonal 
patch with a width (w) of 15 mm and a length (l) of 12 mm. 
This shape is as a variety of rectangular shape with bevel 
techniques. This antenna geometry is similar to the antenna 
geometry presented in [1].  

The slots proposed on patch effectively change its 
electrical length over a very wide bandwidth. Slot 
dimensions of the proposed antenna are listed in Table 1. 
The slot width is 0.5 mm in order to improve the bandwidth 
above 10 GHz. Asymmetry slot design, L and U, on this 
proposed antenna results novelty structure of the slotted 
UWB antenna, this is as one of contribution in this paper. 

 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 

A. Current Distribution Characteristics 

The geometry of the antenna implies the current courses 
and makes it possible to identify the active zone in the 
antenna. Active zone is the matching and radiator zone. 
Acting on matching and radiating areas allows controlling 
the bandwidth [12].  

The couple slots, L and U, are designed very carefully 
by studying the current flow distribution which will give 
input impedance improvement. The study of the current 
distribution for bandwidth enhancement has been conducted 
in [16]. The current flows on a planar monopole antenna 
reveals that it is mostly concentrated in the vertical and 
horizontal edges as shown in Fig. 2(a). The current 
distribution on patch surface is disturbed by the introduction 
of new slots, L and U, as presented in Fig. 2(b). 

It is observed that the horizontal current distributions are 
focused on the bottom edge of pentagonal patch. The 
discontinuity occurred from beveling at the bottom side of 
the patch and has enforced the excitation of vertical current 
mode in the structure, which presents a very wide 
bandwidth. 
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Figure 1. Geometry of L and U slotted antenna 

TABLE I. DIMENSION OF L AND U SLOT 
 

Description 
L and U Slots 

Symbol Size [mm] 

Slot length 

Is1 6 

Is2 9 

Is3 3 

Is4 6.5 
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From Fig. 2(b), the current distribution is less of the area 

between both slots. However, these slots have resulted more 
vertical currents flowing to the patch. The U slot is designed 
to improve the upper dip resonance and the L slot improves 
the lower dip resonance. Individual L and U slot current 
distribution with their simulated results was reviewed in 
[17]. The coupling both slots has shown a good return loss 
with respect to -10 dB over UWB frequency range as 
presented in Fig. 3(a).  

B. Simulated and Measured Return Loss 

The simulated and measured return loss is presented in 
Fig. 3(a). The measured return loss is slightly shifted to the 
simulated one, but they still cover 2.5 GHz to 10.1 GHz as 
what the UWB required. The length of L slot is 14.5 mm 
approximately equal to 0.25λ at 5.3 GHz, and the length of 
U slot is 11.5 mm approximately equal to 0.4λ at 10.3 GHz. 

It is also observed that the width of slots chosen affect to 
the return loss of dip resonance especially at an upper 
frequency as shown in Fig. 3(b). The width of 0.5 mm 
results -28 dB of return loss at 10.3 GHz. 
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Figure 3. Simulated and measured return loss 
 

This measurement was done by using a 50-Ω SMA 
connector which is soldered at the bottom edge of microstrip 
line and connected to the network analyzer by an RF (Radio 
Frequency) cable. The RF cable significantly affects the 
performance of the AUT (antenna under test). However, 
some differences in the simulated and measured results are 
expected, since in the simulation model the mismatch due to 
the adapter and connector used are not taken into 
consideration. In reality the coaxial cable has a considerable 
effect, especially the length of its inner conductor, which is 
connected to the input of the antenna, creating an additional 
inductance. In addition, since the antenna is fed by a 
microstrip line, misalignment can result because etching is 
required on both sides of the dielectric substrate. The 
alignment error results degradation to the antenna 
performance.  
 

 

 

 
             (a) 

 

     
                                           (b)     

 

Figure 2. Current distribution characteristics 
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C. Reconfigurable Techniques 

As mentioned in Section 1, the half wavelength slot 
structure technique is used in designing the proposed UWB 
slotted antenna. The main purpose here is how to design the 
reconfigurable UWB slotted antenna without major 
modification from the previous antenna design presented in 
[16][17]. The unique of this proposed reconfigurable UWB 
antenna is the antenna has additional ability in rejecting the 
FWA (Fixed Wireless Access) band, whereas most existing 
papers focusing in rejecting WLAN and HIPERLAN (High 
Performance Local Area Network) bands. Licensed band at 
FWA for point to multipoint radio systems assigned by 
MCMC (Malaysian Communications and Multimedia 
Commissions) for 3.4 to 3.7 GHz is considered giving 
potential interference to UWB application. This is due to the 
allocation frequency for this FWA within the UWB range. 
Therefore, recently the consideration of UWB antennas is 
not only focused on an extremely wide frequency bandwidth, 
but on the ability of rejecting the interference from WLAN 
11.a (5725–5825 MHz) and HIPERLAN (5150–5350 MHz) 
within the same propagation environment. Thus, the 
proposed notched antenna is not only designed to reject 
interference from WLAN, HIPERLAN but also from FWA. 

The basic geometry of L and U slotted antenna will be 
taken as a reference to form a new modified L and U 
reconfigurable slotted antennas. There are maximum six 
switches used to provide the reconfigurable function. No 
especial matching network is used and the matching 
properties are solely determined by the placement of the 
switches.. The number of switches used and their placement 
are based on the notched band required. The on-off switches 
will determine the total slot length at a certain notched band. 
With the notched band characteristic, the antenna allows to 
reconfigurable its frequency that only responds to other 
frequencies beyond the rejection bands within the UWB 
bandwidth. However, the dimensions of the antenna and 
substrate are kept equal to the original model.  

For the simulation purposed, the switches are considered 
as ideal switches and are modeled as small patches that 
connect or disconnect the adjacent slot, changing the 
antenna’s slot length. 

In Fig. 4, the switches have different colors for on and 
off state condition. Blue color represents the on state 
condition and red color for the off state condition. In order 
to provide the UWB characteristic, the switches are placed 
as shown in Fig. 4(a).  Three switches of #2, #3, and #4 are 
in the off state position. Other switches of #1, #5, and #6 are 
in the on state condition. When the switches are in the off 
state condition, the gap between slots occurs and the current 
flowing to the gap. When the switches are in the on state 
condition, there is no current flowing to the slots. Thus it 
forms continuous slots. The switches of #2 and #3 are 
incorporated to the first additional slot (Is20) which is 3.5 
mm of slot length. The switch of #4 is attached to the 
second additional slot (Is21) which is 2.5 mm of slot length. 
The two additional slot lengths, Is20 and Is21, are very 
critically determined by the frequency notched band 
characteristics. 
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Figure 4. Switching configuration for L and U slotted antennas: (a) without 

notched, (b) notched at FWA, (c) notched at HIPERLAN, (d) notched at 
WLAN 

To accommodate the notch frequency at FWA band, the 
length of U slot is lengthened than the previous model. Thus, 
six switches are used and placed systematically. The 
frequency notched characteristic antenna at FWA is shown 
in Fig. 4(b). All switches are in the on state position 
(continuous slot). Total slot lengths are 32 mm or 
approximately equal to 0.4λ at 3.7 GHz. The total slot 
lengths mean the sum of slot lengths of L, U and additional 
slots. Fig. 4(c) and Fig. 4(d) present the frequency notched 
characteristic antenna at HIPERLAN and WLAN, 
respectively. To reject interference from HIPERLAN, the 
switches of #1, #4, and #6 are in the off state position while 
switches of #2, #3, and #5 are in the on state position. It is 
investigated that by inserting those switches in the off state 
condition broke the connection between slots. This break 
connection has reduced the slot length to be 20.75 mm or 
approximately equal to 0.33λ at 5.2 GHz. Thus, the antenna 
has a frequency notched at HIPERLAN. The total slot length 
is measured by the length of connecting slots.  

The configuration of switches in Fig. 4(d) have resulted 
an antenna with frequency notched at WLAN. It is shown 
that the switch of #5 is set in the off state position in order to 
reduce the slot length, while the switch of #6 is set in the on 
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state position. This is the only difference while comparing to 
the HIPERLAN configuration. Total slot lengths are 18 mm 
or approximately equal to 0.33λ at 5.75 GHz and measured 
by the length of connecting slots. 

For prototype development, the gaps are created in the 
UWB antenna pattern, which are represented as switches. 
The dimensions of switches used in these prototypes are      
0.7 mm× 1 mm. Although this model is ideal, it gives a good 
approximation for the commercial pin diode switches. The 
photograph of the antenna prototype that has a band-notched 
at FWA is shown in Fig. 5.  

III. EXPERIMENTAL VERIFICATION 

Fig. 6 shows the simulated and measured VSWR for 
reconfigurable modified L and U slotted antennas. By 
varying the slot lengths and break the connection between 
slots using switches, the proposed frequency notched is 
achieved.  

The simulated results show the FWA notched band 
obtained from 3.57 GHz to 3.86 GHz with the total slot 
length of 32 mm at 3.7 GHz, which is the center frequency. 
While the HIPERLAN and WLAN notched bands are from 
4.84 GHz to 5.33 GHz and 5.53 GHz to 6.02 GHz, 
respectively. It is noted that beyond the frequency notched 
bands, the VSWR is kept to be less than 2. 

The measured VSWR is approximately less than 2.2 
over 3 GHz to 10 GHz, except for the antenna with band-
notched at HIPERLAN band. The VSWR beyond 9.5 GHz 
is getting worse. For band-notched at FWA, the rejection is 
in the range of 3.76 GHz to 4.25 GHz, and the rejection of 
HIPERLAN is 5.23 GHz to 5.53 GHz. The antenna with 
band-notched at WLAN band has the rejection in the range 
of 5.72 GHz to 6.1 GHz. Even though the band-notched 
slightly shifted from the required bands, but it still covers 
the rejection bandwidth.  

 

 
 

Figure 5. Photograph of FWA notch band antenna 
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Figure 6. Simulated and measured VSWR for reconfigurable modified L 

and U slotted antennas 
 

A. Spherical Near-Field Testing 

Once the resonance frequencies were identified, 
principal radiation patterns were taken to characterize the 
operational performance of each antenna. These 
measurements were obtained using the indoor anechoic 
chamber room. For these measurements, the chamber was 
arranged as shown in Fig. 7. 

From Fig. 7, it shows the measurement setup for both 
antenna and probe which were mounted to the vertical 
positioned-holders. The probes available at the chamber are 
in the frequency ranges of 3.95 – 5.85 GHz and 8.95 – 12 
GHz, respectively. 

The existing chamber employed the spherical near-field 
measurement. By definition, near-field tests are done by 
sampling the field very close to the antenna on a known 
surface. From the phase and amplitude data collected, the 
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far-field pattern must be computed in much the same 
fashion that theoretical patterns are computed from 
theoretical field distributions. The transformation used in 
the computation depends on the shape of the surface over 
which the measurements are taken with the scanning probe 
[18]. 

This spherical system acquired a double data set on the 
AUT. The ‘360phi’ data set is taken with full 360

o
 phi 

rotation of the AUT, but with only 0
o
 – 180

o
 motion in theta. 

In this mode, the AUT’s Z axis will only be looking at one 
side of the chamber during the measurement [19]. The AUT 
was swept every 2

o
 increment in the azimuth plane in order 

to reduce the aliasing errors. Data point spacing aliasing 
errors will occur for spherical near-field measurements if 
the data point spacing is not small enough to sample the 
highest spatial frequency components in the measured data 
[19]. 

The radiation patterns were measured at 4 GHz and 5.8 
GHz. The measured radiation patterns were plotted into H 
(horizontal) and V (vertical) cuts. The H-cut is cut for the 
azimuth plane with the fixed elevation angle at 0

0
 and vary 

the azimuth angle. The V-cut is cut for the elevation plane 
with a fixed azimuth angle at 0

0
 and vary the elevation 

angle. 
 

 
(a) 

 

 
(b) 

Figure 7. The radiation pattern measurement setup inside the anechoic 

chamber room 

B. Radiation Pattern Measurement 

Radiation pattern's measurements have been done for 
both proposed antennas with and without band-notched 
characteristic. Fig. 8 and Fig. 9 show the radiation pattern 
results at 4 GHz and 5.8 GHz for antenna without band-
notched characteristic, respectively. 
 

 
(a) 

 
(b) 

 
Figure 8. Simulated and measured E and H-planes for the slotted antenna at 

4 GHz (without notched band) 

 
All radiation patterns were measured and examined for 

both E and H-planes. They show acceptable results where 
the overall H-planes for both frequencies providing 
omnidirectional patterns. But, the more ripples occur in the 
measured E-planes radiation pattern. This is due to some 
errors during the measurement process. 
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(a) 

 

 
(b) 

 
Figure 9. Simulated and measured E and H-planes for the slotted antenna at 

5.8 GHz (without notched band) 

 
Measured and simulated radiation patterns of 

reconfigurable antennas with band-notched characteristic 
are plotted in Fig. 10 to Fig. 15. Comparison radiation 
patterns for both proposed antennas have been done. From 
the results obtained, all H-plane patterns show nearly similar 
patterns, omnidirectional, for all measured frequencies. But, 
the E-plane patterns show the variation patterns for each 
frequency.  

Fig. 10 and Fig. 11 show the radiation patterns of 
antenna notched at FWA for 4 GHz and 5.8 GHz, 
respectively. From both figures, there are slightly back-
lobes present for the E-planes. Both H-planes are 
omnidirectional with a slight gain decreased at boresight 
direction. The H-planes patterns retain a satisfactory omni-
directionality (less than 10 dB gain variation in most 
directions) over the entire bandwidth in both simulation and 
experimental. 

 

 
(a) 

 

 
(b) 

 

Figure 10. Simulated and measured E and H-planes at 4 GHz for antenna 

notched at FWA 

The E-plane pattern is the radiation pattern measured in 
a plane containing feed, and the H-plane pattern is the 
radiation pattern in a plane orthogonal to the E-plane. 

The results show that the radiation patterns are changing 
as the frequency increases. The patterns resulted from the 
measurements have many ripples in amplitude due to many 
reflections into the field between the AUT and probe. The 
reflections may come from the room (floor and ceiling), 
chamber scattering, antenna holder itself and track inside the 
anechoic chamber. It is shown in previous Fig. 7, the 
antenna size is very small compared to its huge holder, and 
also the floor and the track surrounding the antenna tower 
are not all covered by absorber.  
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(a) 

 

 
(b) 

Figure 11. Simulated and measured E and H-planes at 5.8 GHz for antenna 

notched at FWA 

 
Fig. 12 to Fig. 15 shows the radiation patterns for 

antenna notched at HIPERLAN and WLAN. The E and H-
planes are measured at 4 GHz and 5.8 GHz for both testing. 

It is observed that the measured E-planes for antenna 
notched at HIPERLAN broader than the measured E-planes 
for antenna notched at FWA. However, the patterns resulted 
from the measurement are still having many ripples in 
amplitude. Due to the track surrounding the antenna tower 
are not all covered by absorber, if moved sideways about 
half cycle the ripples occur and if moved vertically the 
ceiling and floor reflections are indicated. The most 
significant is probably from improper cable connectors 
allowing excitation of the outside surface [18]. Leakage will 
be added to the measured pattern as degradation. Both H-
planes are omnidirectional.  
 

 
(a) 

 

 
(b) 

 
Figure 12. Simulated and measured E and H-planes at 4 GHz for antenna 

notched at HIPERLAN 
 

The measured radiation patterns demonstrate that at the 
low end of the operating band,  the currents are well 
distributed over the patch antenna plate so the patterns are 
relatively broad. But at the high end of the operating band, 
the currents are concentrated near the slot, thus the fields 
radiate mainly through the slot. 
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                             (a)                   (b) 

 
Figure 13. Simulated and measured E and H-planes at 5.8 GHz for antenna notched at HIPERLAN 

 

  
     (a)      (b) 

Figure 14. Simulated and measured E and H-planes at 4 GHz for antenna notched at WLAN 

 

 
         (a)                  (b) 

Figure 15. Simulated and measured E and H-planes at 5.8 GHz for antenna notched at WLAN 
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C. Estimating Error Analysis in Radiation Pattern 

Measurement 

Since the measured radiation patterns obtained have 
many ripples and dips for the E-planes, the error analysis 
have been done to estimate the uncertainty and the caused of 
the error. The development of analysis and measurements to 
estimate the error during measurement in spherical near-field 
has been conducted in [19] [20]. 

During measurement process, several requirements are 
needed to take into consideration. It is observed that multiple 
reflections, rotator alignment, probe rotary joint and room 
scattering are shown as primary sources of errors that cause 
degradation in measured radiation pattern. Multiple 
reflections between AUT and probe produce the ripple in the 
measured data. The correction is difficult to do due to the 
need a series of near-field measurement at Z-positions 
separated by λ/8. The far-fields are then calculated for each 
and averaged [21]. In the case of multiple reflections and 
random errors, multiple measurements are required.  

Fig. 16 shows the example of the random errors 
presented during measurement. These measured patterns are 
from repeated measurement at 5.8 GHz for L and U slotted 
antenna. Some corrections on the AUT alignments have also 
been done. From the pattern comparison graphics show the 
random error occurs in amplitude and phase during multiple 
measurements. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
When the AUT is not precisely aligned to reference 

coordinate system, vector components or coordinate angles 
may change for some rotation. This correction can be done 
by realigning the AUT position. 

The rotator alignment for spherical is a special case of 
position errors. The orthogonally and intersection of the 
theta and phi axes and the coincidence of the phi and probe 

polarization axes can be checked by measuring and 
comparing near-field cuts at θ = 0 and 180 degrees. The 
misalignment can be corrected by adjustments of the 
mechanical system. However, the difference values still 
present at those near-field cuts of measured data. 

The probe rotary joints associated with the theta and phi 
rotators produce some amplitude and phase variations as it is 
moved and this is as a function of theta and phi. The error 
can be observed from the measured data by comparing the 
amplitudes and phases of the two components at (θ, φ) 
coordinates, (0, 0) and (0,180) [20]. At these points, the 
amplitude should be identical and the phases should be either 
identical or 180 degrees different. This error is more 
important at high frequencies where rotary joints may not be 
as accurate. From the measured data obtained, it is observed 
that the variations have presented in amplitudes and phases 
for those points of both proposed antennas. Thus, this error 
contributes to the uncertainty in far-field results. 

Both probe and room scattering can produce higher 
spatial frequencies in the data. The smaller data point 
spacing is needed to avoid the aliasing errors. The room 
scattering effect can be more severe when low gain AUT’s 
are being measured [20]. In this measurement, the 2

o
 data 

point spacing is used for scanner movement. Scattering from 
structures and absorber introduces an error that is difficult to 
estimate. This is because the procedure is demanding and 
time consuming. The AUT and probe must be translated 
together in a combination of X, Y and Z movements while 
maintaining precise angular alignment. The translations 
should be at least multiple wavelengths in dimension and the 
AUT must be realigned in the new position. Comparison of 
the patterns from the two locations provides an estimate of 
the room scattering but it is difficult to distinguish from 
alignment differences, probe/AUT multiple reflections and 
system drift [20]. 

It is concluded that obtaining true patterns depends 
primarily on accurately positioning the probe, accurately 
measuring the field, and eliminating distortions in the field 
introduced by the room, tracks, or probe. The room 
reflections must be lower than the basic side-lobes level and 
the probe must have low reflections. The probe position must 
be accurate to give better tolerance corresponding to the 
side-lobe level. In a spherical near-field range, the spherical 
measurement surface will be imperfect due to inaccuracies of 
the positioners and misalignment of these positioners [19]. 

IV. CONCLUSION 

Novel reconfigurable asymmetry slotted antennas with 
band-notched characteristic at FWA, HIPERLAN, and 
WLAN band have been successfully designed and 
developed. The measured VSWR less than 2.2 is achieved.   
The radiation pattern behaviour for both proposed antennas 
with and without band-notched characteristic has been 
examined. The omnidirectional patterns are obtained for all 
measured H-plane patterns at 4 GHz and 5.8 GHz for both 
antennas. The E-plane patterns show a unique pattern for 
each frequency. It tends to radiate broadly in all directions 
but more ripples occur due to some errors during the 

 
Figure 16. An example of results of random errors for L 

and U slotted antenna at 5.8 GHz 
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measurement process. Current distribution characteristic for 
the asymmetry slotted antenna is presented as well. It is 
shown that the introduction of asymmetry slots has 
disturbed the current flow on pentagonal patch. Six switches 
are attached to the antenna for reconfigurable purpose. By 
varying the slot length, the frequency notched antennas are 
performed at certain frequencies. Errors in measured 
radiation patterns are further analyzed. It is concluded that 
several requirements need to take into consideration during 
measurement process such as rotator alignment, room 
scattering and probe rotary joint. 
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