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Abstract. The separation angle between geostationary earth orbit (GEO) satellites tends to be smaller 
owing to the increasing demand of high-speed fixed satellite services. This will increase the interferences 
from adjacent satellites at the user receivers of the GEO satellite communication systems. The commonly 
very small aperture terminal (VSAT) used by user receivers of these systems has no capability to cancel 
jammers. The objective of this document is to present the study of an adaptive anti-jamming antenna to 
replace the traditional VSAT at the user receiver and improve the anti-jamming performance of a real GEO 
satellite communication system. In this study, we considered the characteristics of a fixed satellite service 
(FSS) and a GEO satellite communication system to design a square array (SA) of antennas that could 
replace the VSAT and meet the requirements of the system.  The SA was divided into square sub-arrays 
(SSAs) and the linear constraint minimum variance (LCMV) algorithm was used to control the outputs of 
these SSAs to introduce a small gain in the directions of arrival (DOAs) of the jammers and guarantee the 
required gain in the direction of arrival (DOA) of the useful signal.  We designed a simulation system to 
verify the performance of the adaptive anti-jamming antenna. In the simulations, we introduced two jammers 
at the user receiver from different DOAs. We simulated the performance of the uncontrolled antenna, and the 
degradation of the signal-to-jammer-plus-noise ratio (SJNR) due to the jammers was verified.  After the 
antenna was controlled (by LCMV), the SJNR was improved and met the requirement. The results 
demonstrate that the adaptive anti-jamming antenna can replace the VSAT to fulfill the system requirements 
and cancel possible interferences. 
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1. Introduction 
The International Telecommunication Union (ITU) has established recommendations and regulations to 

avoid interferences at the user receivers of GEO-FSS [5]. Most of these recommendations have been 
developed for 2° or 3° satellite spacing in GEO. However, the increasing demand of commercial high-speed 
services is promoting the creation of new GEO communications satellite systems [6], which suggests that the 
minimum separation angle between satellites tends to be smaller. With this reduction of the separation angle, 
the coordination could be ineffective and the adjacent satellite interferences could become a serious problem.  
On the other hand, multiples evidences show that the commercial GEO satellite communications has been 
intentionally jammed [4].   

The commercial VSAT, commonly used by user receivers of GEO-FSS, has no anti-jamming capability.  
One of the most popular techniques to mitigate jamming is the adaptive anti-jamming antenna, but 

normally it is not used in commercial GEO satellite communication systems. 
Under this background, this study proposes an adaptive anti-jamming antenna that can replace the VSAT 

to improve the anti-jamming capability of a real GEO satellite communication system.  
Our approach is based on a ka band GEO-FSS (28GHz uplink and 19GHz downlink) to create an 

interference environment at the VSAT of the user receiver. The downlink power flux density (FDdw) at the 
user receiver is -120.1dBW/m2, the received power of the useful signal (Pu) is -129.4dBW by using a VSAT 
of diameter 50cm and 60% efficiency, the noise power at the user receiver (Pn) is -138.1dBW for a channel 
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bandwidth 7.65MHz and the receiver system noise temperature 148.2K. The signal-to-noise ratio (SNR) at 
the user receiver is 8.7dB. We considered this SNR as the minimum requirement of the system, so it is also 
the SJNR. A jammer with power flux density equal to -90dBW/m2, concentrated in a direction (θj,φj) close to 
the DOA of the useful signal, reduces the SJNR from 8.7dB to ≈ -30.1dB. This causes the interruption of the 
FSS.  

We considered that the DOAs of jammers from adjacent satellites are known. The jammers reduce the 
output SJNR at the user receiver, so the VSAT becomes useless and it is replaced with an adaptive anti-
jamming antenna.  The adaptive anti-jamming antenna structure is a SA of isotropic elements. Here we 
assumed the element is isotropic for convenience and also because it does not lose the generality.  

The SA needs many elements to achieve the same gain as the VSAT. In consequence, many elements 
make difficult the control of the antenna.  So, we divided the SA into SSAs. Afterward, these SSAs are 
controlled by LCMV. The LCMV algorithm is used to mitigate the jammers (intentional or non-intentional) 
and to enhance the useful signal.   

2. The Adaptive Anti-Jamming Antenna  
The adaptive anti-jamming antenna is shown in Figure 1. The aperture of the SA has been calculated to 

introduce the same gain as the VSAT at the DOA of the useful signal. The SA is divided into 25 SSAs.  
Accordingly, the adaptive anti-jamming antenna is controlled by weights connected to the SSAs outputs.  
This control method reduces the number of weights to 25, but simultaneously, it also reduces the degrees of 
freedom of the adaptive anti-jamming antenna. Nevertheless, we consider that 24 degrees of freedom allow 
the adaptive anti-jamming antenna to deal with the useful signal and enough number of jammers. 

The LCMV can increase the gain at the DOA of the useful signal, and at the same time, decrease the gain 
at the DOAs of the jammers. However, LCMV must know the useful DOA and jammers DOAs in advance. 

 

Fig. 1: Adaptive Anti-jamming Antenna to Replace the VSAT 

In order to get the required gain of the system, the physical aperture of the SA must be ≥ 195.3×10-3 m2
.  

So, the number of isotropic elements in one dimension (x or y) of the SA must be >3136.  We selected 3600 
isotropic elements. This number of elements produces a directional radiation pattern with maximum power 
gain (at the DOA of the useful signal) of 38.3dBi that satisfies SNR ≥ 8.7dB. 

The structure of the SA is depicted in Figure 2(a). It is an array of 5 by 5 elements, which are SSAs of 12 
by 12 isotropic elements. The elements are equally spaced one-half wavelength (λ/2) apart, thus, the SSAs 
are spaced six-wavelength (6λ) apart.  The effective aperture of de SSAs is 21.6λ2 (53.85cm2) by assuming an 
efficiency of 60%.  The side length of the SA is 30λ (47.37cm) and the effective aperture is 540 λ2 by 
assuming an efficiency of 60%.  The beamwidth of any SSA is 12.38° and of the SA is 2.46°. The output 
impedance, the polarization and the frequency bandwidth of the SA are assumed same as that of the VSAT.   
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A spherical coordinate system is used to represent the DOAs of the incoming signals (useful signal and 
jammers).  The origin of the coordinate system is located at a corner of the SA; the z axis is oriented to the 
satellite. The incoming signals angles θ ∈ [0, 90°] are measured from the z axis, and angles φ ∈ [0, 360°] are 
measured from the x axis.  The useful signal arrives from θ = 0°, thus, any φ can be considered.  The 
jammers will arrive at the SA from DOAs (θj,φj).  

 

Fig. 2: (a) SA and SSAs Structure (Left). (b) SA Orientation (Right) 

As shown in Figure 2, the reference element of a square sub-array (SSA) is located at the upper-left 
corner. In this element, the spatial phase of an incoming signal arriving from angle (θ,φ) is zero. The relative 
position of any other qpth element (inside the same SSA) with respect to the reference, is given by               
(xqp = qλ/2,yqp = p λ/2); so, the signal at this qpth element is given by 

         yqp (n)= s(n)e− jπ qSinθCosφ + pSinθSinφ[ ] = s(n)e jζ qp    0 ≤  q ≤ 11; 0 ≤  p ≤ 11                       (1) 
where s(n) is a sample of the incoming signal from angle (θ,φ) measured at time n, and ζqp is the spatial 
phase at the qpth element of the SSA. 

From Eq.1, the output of the SSA is given by 

   x(n)= s(n) e jζ qp

p=0

11
∑

q=0

11
∑ = s(n) fsub                                                        (2) 

where fsub is the field pattern of the SSA.  
Note that the isotropic element is not a physical realizable type. However, for non-isotropic elements the 

output of the SSA can be computed by the principle of pattern multiplication [1]. Using this principle, we 
only need to multiply the field pattern of the non-isotropic element by Eq.2.  

Considering that the position of a klth SSA (inside the 5 by 5 SA) is given by (xkl = k6λ,ykl = l6λ), the 
signal at the output of that klth SSA is given by 

 xkl (n)= s(n) fsube− j 12π kSinθCosφ + lSinθSinφ[ ] = s(n) fsube jξ kl    0 ≤  k ≤ 4; 0 ≤  l ≤ 4                     (3) 
where s(n)fsub is given by Eq.2, and ξkl is a spatial phase due to the location of the klth SSA inside of the SA. 

Let from Eq.3 to define two vectors bx and by as in Eq.4 and Eq.5 respectively 
   bx (θ ,φ )= [1 e− j 12πSinθCosφ e− j 24 πSinθCosφ e− j 36 πSinθCosφ e− j 48πSinθCosφ ]T                        (4) 
   by (θ ,φ )= [1 e− j 12πSinθSinφ e− j 24πSinθSinφ e− j 36πSinθSinφ e− j 48 πSinθSinφ ]T                           (5) 

The Kronecher product [2] of the two vectors bx and by, is given by 
b(θ ,φ )= [bx (θ ,φ )⊗ by (θ ,φ )]= [b1 b2 b3 b4 b5 ]T                                         (6) 

where b is a column vector of dimension 25×1.  Each element of b is a row vector of dimension 1×5 given by       
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bε =

e− j(ε −1)12πSinθCosφ

e− j[(ε −1)12 πSinθCosφ +12 πSinθSinφ ]

e− j[(ε −1)12 πSinθCosφ +24 πSinθSinφ ]

e− j[(ε −1)12 πSinθCosφ +36 πSinθSinφ ]

e− j[(ε −1)12 πSinθCosφ +48 πSinθSinφ ]

⎡ 

⎣ 

⎢ 
⎢ 
⎢ 
⎢ 
⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 
⎥ 
⎥ 
⎥ 
⎥ 

T

   1 ≤ ε ≤ 5                                        (7) 

We can observe that each element of the column vector b corresponds with the spatial phase at each SSA 
output, and each spatial phase has two dimensions given by the angles (θ,φ).  Therefore, the measured 
signals at the 25 SSAs outputs can be represented by  

x(n)= s(n) fsubb(θ ,φ )= [x1 (n) x2 (n) . . . . . . x25 (n)]T                              (8) 
where xρ(n)=s(n)fsub e jξ ρ (θ ,φ )  is the signal at the output of the ρth SSA (1 ≤ ρ ≤ 25); s(n) is a sample of the 
incoming signal from angle (θ,φ) measured at time n; fsub is the field pattern of any SSA; and ξρ is a spatial 
phase due to the location of the ρth SSA inside of the SA. 

The weights connected to the 25 SSAs outputs are represented by  
w = [w1 w2 . . . . . . w25 ]T                                                   (9) 

So, the output of the adaptive anti-jamming antenna y(n) is given by, 
y(n)= w H x(n)                                                                     (10) 

2.1. LCMV Algorithm 
The objective of LCMV algorithm is to find a set of weights that will guarantee the adaptive anti-

jamming antenna to introduce the required gain at the DOA of the useful signal and a small gain at the 
jammers DOAs.  For this, the algorithm uses a linear constraint given by CHwc = H. The matrix C is called 
“Constraint Matrix”, H is the “Response Vector” and wc is the weight vector obtained by the LCMV 
algorithm. In our system, the DOA of the useful signal and the DOAs of the jammers are well known.  So, C 
is conformed by the steering vectors of the DOAs of incoming signals and H can be selected to introduce a 
required gain factor (Grequired) at the DOA of the useful signal and a small gain factor (Gsmall) at the DOA of 
any jammer. Considering there are d incoming signals (useful + jammers), the steering vectors are given by, 

  ai = a(θi ,φi )= [ai1 ai2 " " ai25 ]T           1 ≤ i ≤ d                          (11) 
where aiρ=fsub e jξ ρ (θ i ,φ i )(1 ≤ ρ ≤ 25) . We selected Grequired = 82.4 and Gsmall = 1×10-7 (1 ≤ j ≤ d-1). 

Using Lagrange Method and the Steepest Descend Method [3], the LCMV weight vector wc is given by 
wc,m +1 = ψ[I − μRxx ]wc,m + wqs →ψ = I − C(C HC)−1C H                                     (12) 

where the subscript m denotes the actual value at the mth iteration, and m+1 denotes the updated value;       
Rxx =E[x(n)xH(n)] is the autocorrelation matrix; E is the expected value; wqs = C(CHC)-1H is called the 
quiescent weight vector, which is the weight vector when there is no useful signal or jammers impinging on 
the adaptive anti-jamming antenna and only noise is considered, and μ = 2/(λmax + λmin) is a factor to control 
the convergence rate and the stability of the algorithm, where λmax and λmin are the maximum and minimum 
eigenvalues of the matrix ψRxxψ.  

 After LCMV, the power of the useful signal at the output of the antenna is Pu(θu,φu)=wc
Hauau

HwcPu,i ; 
Pu,i is the power of the useful signal at the input of the antenna; the power of a jammer at the output of the 
antenna Pj(θj,φj)=wc

Hajaj
HwcPj,i ; Pj,i is the power of the jammer at the input of the antenna. 

3. Simulations 

3.1. Adaptive Anti-Jamming Antenna Simulation System (SS) 
The block diagram of the adaptive anti-jamming antenna SS is shown in the following Figure 3. The EM 

is used to obtain the power flux density of the useful signal at the user receiver. The JNM works: 1) to 
simulate thermal noise at the output of the antenna as zero-mean Gaussian noise; 2) to introduce jammers 
(CWj) and (WBj) with different DOAs. The AARM is used: 1) to simulate the power pattern of the adaptive 
anti-jamming antenna when it is non-controlled; 2) to simulate the signal at the SSAs outputs; and 3) to 
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simulate the signal at the output of the antenna. LM is the LCMV algorithm module. It can be connected or 
not (ON-OFF) to the AARM by a virtual switch. If the switch is ON, LM controls the adaptive anti-jamming 
antenna by LCMV.  The resulting weights will go to the AARM, and this module simulates the power 
pattern of the adaptive anti-jamming antenna when it is controlled. The PM receives the output from the 
AARM and estimates the output SJNR.  

 

Fig. 3: Adaptive Anti-Jamming Antenna SS Blocks 

3.2. Adaptive Anti-Jamming Antenna Simulation Process (SP) 
In order to evaluate the performance of the adaptive anti-jamming antenna before and after being 

controlled by LCMV algorithms, six scenarios were defined as shown in Table 1.  

Table 1. Scenarios for the SP 

Scenario CWj [dBW/m2] θ φ WBj [dBW/m2] θ φ 
1 -90 1° 180° -210 1° 0° 
2 -90 1° 180° -110 1° 0° 
3 -90 1° 135° -210 1° 315° 
4 -90 1° 135° -110 1° 315° 
5 -90 1° 225° -210 1° 45° 
6 -90 1° 225° -110 1° 45° 

For all the cases, it is assumed that the antenna is oriented to the satellite, so the DOA of the useful 
signal is (θ=0°, at any φ). 

The first step in the SP is to check the performance of the adaptive anti-jamming antenna for the non-
control option. The results in Table 2 show that it cannot meet the SJNR requirement.  

Table 2. Adaptive Anti-Jamming Antenna for Non-Control Option 

Scenario Pu [dBW] CWj [dBW] WBj [dBW] Pn [dBW] SJNR [dB] 
1 -128.8 -103.1 -223.1 -138.1 -25.8 
2 -128.8 -103.1 -123.1 -138.1 -25.8 
3 -128.8 -102.8 -222.8 -138.1 -26.0 
4 -128.8 -102.8 -122.8 -138.1 -26.1 
5 -128.8 -102.8 -222.8 -138.1 -26.0 
6 -128.8 -102.8 -122.8 -138.1 -26.1 

Subsequently, the antenna is controlled to improve the SJNR (switch ON).  In SS, the LCMV option: 1) 
gets the steering vector for the DOA of the useful signal and the DOAs of the known jammers; 2) computes 
the constraint matrix C and the vector H; and 3) calculates a weight vector (wc) by the iterative process 
described in Eq. 12. 

With LCMV implementation, the matrix C and the vector H for the scenario 2 are given by                         

C = [C1 C2 C3 C4 C5 ]T  ; C1 = C2 = C3 = C4 = C5 = 1.0e+ 2 *

 1.44     1.35 - 0.42i     1.35 + 0.42i
 1.44     0.81 - 1.16i     0.81+ 1.16i
 1.44    -0.07 - 1.41i    -0.07 + 1.41i
 1.44    -0.92 - 1.08i    -0.92+ 1.08i
 1.44    -1.38 - 0.29i    -1.38 + 0.29i

⎡ 

⎣ 

⎢ 
⎢ 
⎢ 
⎢ 
⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 
⎥ 
⎥ 
⎥ 
⎥ 

T

       (13) 

 (for Scenario 2)     H = [ 8.24e+ 1     1.00e-7     1.00e-7 ]T                                          (14) 
From Eq.13 and Eq.14, the new weight vector wc for LCMV is given by 

(for Scenario 2)   wc = [w1 w2 w3 w4 w5 ]T                                              (15) 
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w1 =

 7.74e-2+ 3.23e-10i
-3.05e-3 + 1.40e-9i
-3.42e-2 - 4.06e-9i
-3.05e-3 + 4.66e-9i
 7.74e-2 - 1.47e-9i

⎡ 

⎣ 

⎢ 
⎢ 
⎢ 
⎢ 
⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 
⎥ 
⎥ 
⎥ 
⎥ 

T

 w2 =

7.74e-2 + 1.98e-10i
-3.05e-3+ 1.08e-9i
-3.42e-2 - 4.10e-9i
-3.05e-3+ 4.10e-9i
7.74e-2 - 1.60e-9i

⎡ 

⎣ 

⎢ 
⎢ 
⎢ 
⎢ 
⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 
⎥ 
⎥ 
⎥ 
⎥ 

T

w3 =

7.74e-2+ 8.69e-11i
-3.05e-3 + 1.05e-9i
-3.42e-2 - 3.99e-9i
-3.05e-3 + 4.14e-9i
7.74e-2 - 1.69e-9i

⎡ 

⎣ 

⎢ 
⎢ 
⎢ 
⎢ 
⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 
⎥ 
⎥ 
⎥ 
⎥ 

T

w4 =

7.74e-2 - 1.46e-11i
-3.05e-3+ 1.47e-9i
-3.42e-2 - 3.94e-9i
-3.05e-3+ 4.36e-9i
7.74e-2 - 1.93e-9i

⎡ 

⎣ 

⎢ 
⎢ 
⎢ 
⎢ 
⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 
⎥ 
⎥ 
⎥ 
⎥ 

T

 w5 =

 7.74e-2+ 1.29e-10i
-3.05e-3+ 1.30e-9i
-3.42e-2 - 4.37e-9i
-3.05e-3+ 4.40e-9i
 7.74e-2 - 1.89e-9i

⎡ 

⎣ 

⎢ 
⎢ 
⎢ 
⎢ 
⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 
⎥ 
⎥ 
⎥ 
⎥ 

T

Figure 4 shows the power pattern of the adaptive anti-jamming antenna controlled by LCMV in the 
Scenario 2.  We can observe that the adaptive anti-jamming antenna produces deep nulls of -134dBi and        
-137.1dBi at CWj and BWj DOAs respectively, and at the same time, produces constant gain of 38.3dBi at the 
DOA of the useful signal.  For all the scenarios, LCMV kept constant SJNR = 9.3dB. 
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Fig. 4: Power Pattern of the Adaptive Anti-Jamming Antenna non-Controlled (left) and Controlled                                 
by LCMV in the Scenario 2 (right). Cut at φ =180° 

4. Conclusions 
This study shows that it is possible to replace the VSAT of the user receiver with an adaptive anti-

jamming antenna in the GEO satellite communication system. It was demonstrated that the adaptive anti-
jamming antenna maintains the SNR ≥ 8.7dB in a non-interference environment. Also, the antenna 
controlled by LCMV mitigates a CWj = -90dBW/m2 (θ = 1°, at any φ) and a WBj = -110dBW/m2  (θ = 1°, at 
any φ). In all the simulated scenarios, the constraint introduced by LCMV kept constant SJNR = 9.3dB. 
LCMV introduced gain of 38.3dBi at the DOA of the useful signal and gains < -129 dBi at the DOAs of the 
jammers.  The adaptive anti-jamming antenna fulfill the system’s gain requirements, it is easy to control and 
has the capability to cancel jammers at an angle of 1° with respect to the DOA of the useful signal. 
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