
 

Efficient Co-channel Interference Suppression by 
Hybrid of  Binomial Array and Uniform Linear 

Array 
 

 

Solomon Teshome Girma 

Pan African University Institute of 
Basic Sciences, Technology and 

Innovation 

Nairobi, Kenya 

 
Dominic B. O. Konditi 

Faculty of Engineering & 
Technology Technical University of 

Kenya 

Nairobi, Kenya   

 

    
Ciira Maina 

Facuty of Engineering 

Dedan Kimathi University of 
Technology 

Nyeri, Kenya 

 

Abstract—Beamforming is a technique used to spatially 
separate signals that have overlapping or same frequency 
content but originating from different directions. In wireless 
communication, Base Transceiver stations (BTSs) are fixed 
at a certain location whereas Mobile stations (MSs) is mobile 
in the coverage area of the BTS.  Therefore, in this work, the 
relative position of MSs with respect to BTS was used as the 
desired angle to make a strong beam in the desired direction 
and null in any other direction. This paper combines a 
Binomial Array and Uniform Linear Array which has a 
narrow beam width in the desired direction and null in any 
other direction. 

Simulation results show that the hybrid array has 
improved signal to noise ratio by 25dB. 

Keywords—Beamforming, Array Antenna, Monte Carlo 

I. INTRODUCTION 
An array antenna has the capability to electronically 

change its radiation pattern without moving any parts of 
the antenna [1]. This is realized by the help of an array of 
antenna elements equipped with variable phase shifters or 
time delays to create a beam[1], [2], in such a way that the 
phase or time delay difference between two adjacent 
antenna element has common difference[1], [2]. An array 
antenna is applicable either at the radiation or at the 
reception to steer a beam in a specified direction. Hence, 
these types of the antenna have the capability to spatially 
filter signal coming from a certain direction [3]–[5]. 

Finite impulse response (FIR) filter cannot be used to 
separate a desired and an interfering signal that occupies 
the same frequency band, whereas spatial filter can 
separate the desired and interfering signals which originate 
from different geographical location[3], [5]. Thus, Spatial 
filter not only allows for suppressing the interfering 
signals coming from interfering sources but also relieves 
the problem of fading and multi-path interference[6], [7]. 

To do so, the array antenna combines all its energy over its 
aperture, obtaining a stronger antenna gain in the desired 
direction while having attenuation in others [2], [8].  The 
procedure involves selecting the weight of individual 
antenna outputs such that signals from the desired 
direction add constructively and those from other 
directions are suppressed. Spatial filter has two principal 
advantages. First, Spatial filtering capability depends on 
the size spatial aperture, as the size increases the filtering 
capability improves[1], [5]. Secondly, Spatial filter 
provides the versatility that changes the spatial filtering 
weight in the real-time to maintain suppression all the 
time[1], [5].  

One of the early applications of a spatial filter was in 
Radar for the military purpose and later for commercial 
airplane [1], [2]. In recent past, the spatial filters have 
achieved great importance in SONAR, Broadcasting, 
Search and Rescue, Remote Sensing, Geographical 
Exploration, Astronomical Exploration, Biomedical, and 
Imaging [1], [2], [5], [8]. 

 There are a number of studies on array pattern nulling 
techniques to mitigate electromagnetics pollution [8]–[16]. 
Although a number of investigations have been made to 
separate the desired and interfering signal which originates 
from different geographical location, user mobility has not 
much incorporated on antenna array synthesis. Thus, 
users’ mobility consistently changes the direction of the 
desired and interfering signals. In this contribution, we 
propose hybrid of a Binomial Array (BA) and Uniform 
Linear Array (ULA) with an emphasis on making a narrow 
beam width in the desired direction and null in any other 
direction. The Binomial array has a principal advantage 
that when the element spacing equal to or less than λ/2, the 
antennas patterns have no minor lobes[19], [20]. On the 
other hand, Uniform Linear Array of N elements has N-1 
minor lobes and mean beam whose half-power beam width 
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(3 dB width) can as well be controlled by the number of 
elements.  In this paper, we propose a hybrid of a Binomial 
Array and Uniform Linear Array synthesis with the 
objective of creating a narrow main beam toward the 
desired signal and nulls towards the interfering signals. 
The Binomial array is used to create large beam and large 
half-power beam width. The large half-power beam width 
of the Binomial array is narrowed by the Uniform Linear 
Array. The minor lobes of the Uniform Linear Array are 
canceled by the nulls of the binomial array.  

In the beam scanning method, a single main beam of 
an array is steered and the direction can be varied 
electronically according to the mobility of the MS around 
the BTS during an active call. The Azimuth between the 
MS and BTSs will change due to the mobility of the 
Mobile Station (MS), the weight of the phased array are 
applied electronically to mitigate the mobility of the user. 
The simulation results show the overall interference 
performance has been improved. A relative enhancement 
in signal to noise ratio of 25dB has been achieved with a 
phased array of 11 elements.   

The remainder of this paper is structured as follows: 
The mathematical analysis and array synthesis are 
presented in section II. Section III analyzes the results of 
the simulation. Conclusions of the whole paper are 
presented in Section IV. 

II.   METHOD 
The phased array antenna is a spatial distribution of 

antennas in which the individual antennas are 
geometrically identical and similarly oriented [21]. The 
differences between individual elements are their 
amplitudes and relative phases. This relative phase 
difference represents a typical radiation pattern that are 
directed towards a specific receiver by steering the 
antenna[22] as shown in Fig 1. The radiation pattern of the 
array antennas is the product of a radiation pattern of a 
typical element and the Array Factor(AF) that has 
information how the phased antennas are made [1], [2], 
[4], [6], [21]–[23]. In the case of phase forming, inter-
element phase shift α is varied to scan the main beam 
toward the direction of interest[8]. 

A. Uniform Linear Array (ULA) 
 For an M-element equally spaced Uniform Linear 

Array that uses similar amplitude element excitations and 
phase scanning the array factor is given by [8] (ѱ) = ѱ   

 (1) 

Where the array lies on the x-axis with the first 
element at the origin 

ѱ=α + (2π/λ) d cos θ    (2) 

The inter-element phase shift is σ is given by 

= ф    
 (3) 

In expanded form, the array factor equation (1) can be 
written as AF1(ѱ) = (1 + + + + ⋯ + ⋯ +( )) (4) 

Let Z=e ѱ, the array factor can now be expressed as 

 

 

Fig 1: Phased Array 

 AF1(ѱ)  = (1 + + + + ⋯ + ) (5) 

Since Equation (5) is a polynomial of M-1 orders; it 
has M-1 roots on the unit circle in the complex plane. 
Zeros of Equation (5) has fixed positions along the unit 
circle. These positions are Z1, Z2, Z3. … Z(m-1).  

Polynomial of the array factor in equation (5) can also 
be expressed in factorized form as:  1(ѱ) = ( − 1)( − 2) … ( − ( − 1)) 
 (6) 

The roots of the polynomial are Z1, Z2, Z3… Z(m-1) 
corresponds to the nulls of the array factor in the fixed 
directions θ1, θ2, θ3……. θ(m-1). = exp ( ( ( + 2πd/λ cosθi))  

 (7) 

Thus, from the zeros of in Equation (7), the array 
factor can be written in factorized form as follow: 1(ѱ) = ∏ ( − )    (8) 
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B.  Binomial Array (BA) 
     A binomial array is constructed by complex Z plane 

nulls, which all are in the same location. The excitation 
amplitude distribution of Binomial array can be obtained 
by the expansion of Pascal’s triangle  [19], [20]. 2(ѱ) = (1 + )     (9) 

  A binomial array doesn’t have side lobes regardless of 
the number of elements with element spacing equal  to or 
less than λ/2 [19], [20]. However, the Binomial array has a 
too wide variation in weights of individual elements, 
which is a disadvantage of the Binomial array. The overall 
efficiency of such an antenna would be low. Besides, the 
Binomial has a relatively wide beam.  

C.  System Model 
For simulation, a Binomial array of N=6 elements and 

a Uniform Linear Array of N=6 elements with inter-
element spacing λ/2 are considered in the simulation. The 
Desired signal direction ф  and undesired signal are 
calculated from a relative position of MS with respect to 
the desired transmitter and interfering transmitters 
respectively. Hence, a progressive shift can be obtained 
from Equation (3) from the desired signal direction.  

In order to suppress the co-channel interferences and 
multi-path fading, we multiply AF1 by AF2, thus, the 
desired array factor becomes. 

= 1 ∗ 2        
(10) 

The polynomial for AF can be expressed as  = ∑     (11) 

Where Ak represents the complex weight vector that 
suppresses co-channel interference. 

In the case of user mobility in the coverage area of the 
BTS, the direction of the desired signal and the direction 
of all interfering signal will change accordingly, therefore 
all the weights are to be recalculated according to Equation 
(10). Hence, the beam will be steered in the direction of 
desired arrival angle and null will be steered in the 
direction interfering co-channel cells. 

The desired link transmitter is assumed to be at the 
origin, the mobile station is randomly stationed at (0,3), (-
1,2), (3,-1), (2,2), (-3,2), and (-1,-1)Km. The interfering 
transmitters are fixed at (13.75,0), (6.87,11.91), 
(6.87,11.91), (13.75,0), (6.87,-11.91), and (6.87,-11.91) 
Km. The desired and interfering angles are calculated and 
framed as per Table 1. 

 

 

TABLE 1: DIRECTION OF ARRIVAL OF DESIRED AND INTERFERING SIGNALS 

Desired  signal (degree) 
Interferer 1 

( degree) 

Interferer 2 

( degree) 

Interferer 3 

( degree) 

Interferer 4 

( degree) 

Interferer 5 

( degree) 

Interferer 6 

( degree) 

0 167.7 232.33 307.25 12.7 65.26 114.7 

45 170.3 243.8 311.8 7.23 54.5 109.3 

116.6 173.3 231.5 306.64 8.9 67.12 119.51 

146.3 173.2 225.1 229.3 10.5 74.4 125.3 

225 183.9 238.6 294.5 355.3 61.71 125.8 

341.6 185.31 253.31 307.4 356.6 47.9 109.53 

 

A noisy channel resulting in a Signal to Noise Ratio 
(SNR) figure of 20dB is implemented. A comparative 
study with user mobility has been carried out at different 
arrival angles. =     +20dB  (12) 

In all cases, there will be one a strong interference; this 
is because the interfering transmitters are assumed to be 
located in circular fashion and transmitters have 
omnidirectional antenna pattern. To avoid picking of 
strong interference, it is necessary to use an additional 

method to distinguish the desired signal from the 
interfering signal[1]. By using directional antennas, a 
given cell will receive interference and transmit with only 
a fraction of the available co-channel cells [24][25]–[28]. 
Therefore, we used directional antennas at the transmitters 
so that two strong interfering transmitters face the opposite 
direction. 

To determine the cellular system throughput 
performance over a wide coverage area, cell wide  Co-
channel interferences (CCI) due to the randomness of 
users’ location is collected from the first tier of co-channel 
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cells using a Monte-Carlo Simulation(MCS) method  in 
[29] has been adopted. Monte-Carlo Simulation method 
has been picked over analytical method on the grounds 
that the authors in [29]–[34] presumed that the Monte-
Carlo method is a superior to examine complex 
interference than the analytical method. 

III.  RESULTS AND DISCUSSION 
The hybrid array synthesis study for six random 

positions of MS is herein presented. The first trial results 
(Desired signal at 0 degrees) are comprehensively 

presented as shown in Fig 2 and Fig 3 . For reasons of 
brevity, the other trial results are concisely presented. Fig 
2 shows the pattern of the array factor for the case where 
the desired signal direction is 0°, and the direction of 
interfering channels are 12.7°, 65.26°, 114.7°, 167.7°, 
232.22°, and 307.25° respectively. Fig 2 shows that hybrid 
array has 22° Half Power Band Width (HPBW). Hence, 
interfering channels arriving on 12.7° that falls in the 
HPBW is found out to be the strongest of all six possible 
interfering power. This is because of close proximity in 
the direction of the desired and unwanted transmitter. 

Fig 2: Magnitude Response 

 
Fig 3: Magnitude Response Comparison of ULA, Binomial Array and Proposed Array of 11 Elements 

 

    As shown in Fig 3 and Fig 4 the remaining five 
interfering channels which are on 65.26°, 114.7°, 167.7°, 
232.22°, and 307.25°  well outside HPBW, and the 
corresponding SNR are infinity, 98.43dB , 
41.91dB,20.899dB,48.96dB and 72.04dB respectively. 

 In order to investigate the effect number of elements, 
we made magnitude response simulation for ULA, 
Binomial array and the proposed array. Simulation results 
on Fig 3 show that Binomial array has 1024, proposed 
array type has 192 and ULA has 6 pick magnitude 
responses 
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As can be seen in Fig 4 shows the proposed array 
receives a signal with a beam width of 22° centered at 0° 
while the undesired signals originating from other angles 
are significantly attenuated. Besides, the beam width of the 
phased array can be decreased by increasing the number of 
array elements in order to enhance the spatial selectivity of 
the array[7]. However, the limitation of utilizing a narrow 
beam width consists of cost, size, weight, power 
consumption, and their high complexity[1], [4], [5], [7].  

Fig 5 shows the pattern of the array factor for the cases 
where principal lobe is pointed toward 0°, 45°, 
116.6°,146.6°,225°, and 341° to mitigate users mobility of 
the MS. In all cases, the main beam is steered by changing 
digital phase shifter so that the main beam patters track the 
desired signal with the main beam lobe, while the nulls are 
created by the amplitude of the elements. In this regard, 
the proposed Spatial filter not only allows for suppressing 
the interfering signals coming from interfering sources but 

also relieves the problem of fading and multi-path 
interference[6][7]. 

Numerical results for all six cases are tabulated in 
Table 2. In all cases, there is one a strong interference; this 
is because the interfering transmitters are assumed to be 
located in circular fashion and transmitters have 
omnidirectional antenna pattern. The directional antenna 
would block the two strong interferences 

Comparison of weight vectors, power values, and SNR 
calculation for all six cases are tabulated in Table 
3.Weight vector Ak is= [1 6 16 26 31 32  31 26 16 6 1] to 
steer the main beam toward 0 degrees , then the phase 
difference between adjacent elements is found to be 0 
degree. 

 

 

 

Fig 4: HPBW Comparison of ULA, Binomial Array and Proposed Array of 11 Elements 

 

Fig 5: Magnitudes Response of Proposed Array Type with MS Mobiliy 
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The simulation results on Table 3 show the overall 
performance of Phased array antenna to mitigate co-
channel interference. A relative enhancement in signal to 
noise ratio of 21.83dB has been achieved with a phased 
array of 11 elements. 

a. Cell wide Mean Statistics based on MCS  

 From results on Table 4 the Phased array antenna has 
reduced the average iRSS by 19.67dB for re-use factor 
N=7b over N=7.  Going by Table 4, the superior 
performance of the phased array antenna to reduce level 
co-channel interference is evident. The beam former 
yields better results in all statistics over N=7 presented in 
[34]. As shown in Fig 6, in the case of N=1b, the 
proposed mitigation method has decreased the average 

iRSS by 10.65dB over the results presented in [34] for 
cluster number N=7.  In terms of throughput per total 
bandwidth per a single site, N=7 offers a spectrum 
utilization of 1/7 and N=1 offers a spectrum utilization of 
1. Therefore, a relative enhancement in capacity of 7 has 
been achieved with phased array antenna of 11 elements. 

From the MCS in Fig 7, the percentages of 
interferences are 0.00255%, 9.5* 10-4 %, 2.9910-4 %, and 
0% for N=1b, N=3b, N=4b, and N=7b respectively 
compared to 24.94%, 9.36%, 3.33% and 0.4% for N=1. 
N=3, N=4, and N=7 respectively  that was reported 
on[34]. As shown in Fig7 and Table 5, N=1b has 
outperformed N=7 by an average SNR of 16.33dB. 

 
 

TABLE 2: COMPARISON OF DESIRED POWER VALUES, AND INTERFERING POWER 

Desire
d  signal 

Desired 
signal power 

Interfering  
power 1 

Interfering  
power 2 

Interfering  
power 3 

Interfering  
power 4 

Interfering  
power 5 

Interfering  
power6 

0.00 192.00 0.00 0.23 15.41 173.12 6.84 0.48 

45.00 192.00 0.20 0.00 6.65 68.85 181.25 5.84 

116.60 192.00 6.12 0.45 0.00 1.70 24.73 190.97 

146.30 192.00 118.14 11.57 10.62 0.19 11.06 143.79 

225.00 192.00 54.85 170.47 10.03 0.24 0.00 4.26 

341.60 192.00 0.01 8.71 84.72 166.07 7.80 0.23 

TABLE 3: COMPARISON OF WEIGHT VECTORS AND SNR FOR SIX MS POSITION 

Desired 
Arrival Angle Weight Desired 

power in W 
Total 

interference in W 
SNR 

in dB 

0 Ak 192 7.55 48.1 

45 Ak*exp(i*pi*(n-1)*45/180) 192 12.69 43.6 

116.6 Ak*exp(i*pi*(n-1)*116.6/180) 192 8.27 47.32 

146.3 Ak*exp(i*pi*(n-1)*146.3/180) 192 33.44 35.18 

225 Ak*exp(i*pi*(n-1)*225/180) 192 14.53 42.42 

341.6 Ak*exp(i*pi*(n-1)*341.6/180) 192 16.75 41.19 

TABLE 4: OVER ALL DRSS AND IRSS STATISTICS IN DB FOR DIFFERENT RE-USE VS BEAMFORMING 

 dRSS iRSS(N=7) iRSS(N=1b) iRSS(N=3b) iRSS(N=4b) iRSS(N=7b) 

Average  45.71 65.18 -75.83 -80.83 -82.17 -84.85 

Median -46.86 -64.00 -77.80 -83.00 -84.29 -87.03 

Std dev 4.16 5.91 8.67 8.94 8.94 9.03 

Variance 17.34 34.87 75.17 79.87 79.87 81.5 
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Min 61.79 -84.92 -97.78 -104.1 -105.8 -107.1 

Max(dB
m) 

28.85 49.48 -47.52 -49.25 -50.01 -54.14 

 
Fig 6: iRSS from the First Tier of Co-channel Cells in dBm

Fig 7: SNR in dB from the First Tier Co-channel Cells 
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TABLE 5: OVER ALL SNR STATISTICS IN DB FOR DIFFERENT RE-USE VS BEAMFORMING 
 

 N=7 N=1b N=3b N=4b N=7b 

Average  C/I 35.22 51.55 55.99 58.25 60.88 

Median 37.13 54.0 58.72 61.1 63.89 

Std dev 11.13 14.6 14.87 14.61 14.73 

Variance 127.68 213.19 221.03 213.58 208.36 

Min 1.37 1.09 1.3 2.75 5.74 

Max 71.19 91.76 97.23 99.04 97.97 

 

 

b. Throughput put analysis  

As presented  Fig 8, an AWGN capacity with Phased 
array antenna is increased by 61.16% for the re-use factor 
of N=7b compared to AWGN with single  antenna for re-
use factor of N=7. In addition to AWGN capacity, 
Shannon capacity of 70.02% has been achieved by the 
proposed method over the results presented [35]. The 
beam forming technique has increased 90.15% of the no 
coding capacity over single antenna. 

 
Fig 8: Throughput Comparison for Different Re-use Distance vs 

Beam forming vs Single antenna 

IV.  CONCLUSION 
In this work, the digital phased array has been studied 

to mitigate co-channel interference in a cellular system. 
We report a number of results in the form of the 
Magnitudes response as a function of the angle of arrival 
to show how unwanted signal can be attenuated. The 
simulation results show the overall interference 
performance has been improved. A relative enhancement 
in signal to noise ratio of 25dB has been achieved with a 
phased array of 11 elements. 
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