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Abstract— In this paper, analysis of antenna point 
loss in satellite communication link is presented. 
Basically,   the antenna misalignment (de-
pointing) loss is a function of the pointing error 
and the 3 dB beamwidth of the antenna.  
Particularly, the paper focuses on the variation of 
the antenna pointing loss on frequency and on the 
antenna diameter. The analysis was for a 
parabolic antenna. Frequencies between 2 GHz 
and 40 GHz and antenna pointing error between 0 
° and 1° were considered in the numerical 
computations. The results show that for antenna 
operating at frequency, f of 6 GHz  and  diameter,  
d of 3 m,  the antenna pointing loss was 0.088163 
dB at 0.1° pointing error and 8.816327 dB at 1° 
pointing error. Also, the results for the antenna 
pointing loss (Lp in dB) at 2 GHz, 6 GHz, 12 GHz , 
20 GHz,  and  40 GHz  for 𝟎° ≤  𝛉𝐓 ≤ 𝟏° and d of 3 
m showed that the antenna pointing loss (Lp in 
dB) increases with pointing error angle (θ). Also, 
for a given pointing error angle (θ) and antenna 
diameter d (in m) the antenna pointing loss (Lp in 
dB) increases with frequency, f.  Also, the results 
for the computation of antenna pointing loss at 
diameter, d of 0.5 m,   1 m,   2 m , 4 m,  and  8 m  
for 𝟎° ≤  𝛉𝐓 ≤ 𝟏° and  frequency, f  of 12 GHz show 
that  for a given frequency and pointing error 
angle (θ), the antenna pointing loss (Lp in dB) 
increases with antenna diameter (d).   In essence, 
satellite link designers should ensure minimal 
pointing error especially for the higher 
frequencies and for large antenna sizes. 

Keywords— Antenna, satellite link, pointing 
error, beam width, 3dB beam width, antenna 
pointing loss 

 

1. INTRODUCTION 

Over the years, satellite communications have grown to 

become the foremost technologies for global 

telecommunication [1,2,3,4].  Increasingly, more users and 

divers applications are supported by satellite 

communication systems [5,6,7,8]. This places more demand 

on bandwidth and quality of service requirements. As such, 

satellite link designers are facing increasingly challenges to 

design high efficient satellite communication links that 

meet the stringent quality of service using cost effective 

technologies [9,10,11,12,13].  

Among other things, antenna pointing or misalignment loss 

is one of the losses that are considered in satellite link 

design [14,15,16,17,18,19]. The two notable antenna 

misalignment losses are the off-axis loss at the satellite and 

the off-axis loss at the ground station [20]. The off-axis loss 

at the satellite is addressed during the link design by 

ensuring that the antenna is pointed appropriately within the 

satellite antenna contour. The antenna pointing loss at the 

earth station is determined using some analytical and 

statistical approaches.  

Basically, antenna misalignment or pointing loss is the 

reduction in signal strength due to the antenna pointing 

error or antenna misalignment. Studies have shown that the 

antenna pointing loss is a function of certain parameters 

among which are antenna beamwidth, antenna size and 

antenna misalignment error [21,22,23,24]. Accordingly, in 

this paper, the focus is on the variation of the antenna 

pointing loss on frequency, misalignment error and on the 

antenna diameter. Numerical examples are used to evaluate 

the variation of the antenna pointing loss among different 

microwave frequency ranges. Relevant analytical 

expressions for the computations are presented. The ideas 

presented in this paper are useful for satellite link budget 

analysis, especially in the microwave frequency range. 

2.1   METHODOLOGY 

The antenna misalignment (de-pointing) loss is a function 

of the pointing error and the 3 dB beamwidth of the 

antenna.  The image of the 3 dB (𝜃3𝑑𝐵) beam width (in 

degrees) for parabolic antenna is shown in Figure 1. The 3 

dB (𝜃3𝑑𝐵) beamwidth (in degrees) for parabolic antenna is 

given in terms of the antenna dish diameter, d  (in m) and 

wavelength , ʎ (in m) and it is given as follows; 

𝜃3𝑑𝐵 =
70(ʎ)

𝑑
      (1) 

where 

ʎ =
3𝑥108

𝑓
   (2) 

𝜃3𝑑𝐵 =
70

𝑑
(

3𝑥108

𝑓
)      (3) 
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Figure 1 The image of the 3 dB (𝜃3𝑑𝐵) beam width (in degrees) for parabolic antenna 

The antenna transmitter pointing error, 𝜃𝑇 and the receiver 

antenna pointing error, 𝜃𝑅 (as shown in Figure 2) are used 

to determine the antenna pointing losses at the transmitter , 

𝐿𝜃𝑇  and at the receiver, 𝐿𝜃𝑅  as follows; 

  𝐿𝜃𝑇 = 12 (
𝜃𝑅

𝜃𝑇3𝑑𝐵
)

2

  (4) 

  𝐿𝜃𝑅 = 12 (
𝜃𝑅

𝜃𝑅3𝑑𝐵
)

2

  (5) 

The expressions for 𝐿𝜃𝑇  and 𝐿𝜃𝑅   are valid for  𝜃𝑇 ≤ 1°  
and 𝜃𝑅 ≤ 1° respectively. In terms of antenna diameter, d, 

the wavelength, ʎ  and frequency, f, the antenna pointing 

losses of the transmitter antenna is given as;  

  𝐿𝜃𝑇 = 12 (
𝜃𝑇

𝜃𝑇3𝑑𝐵
)

2

=   12 (
𝜃𝑇

70(ʎ)

𝑑𝑇

)

2

= 12 (
𝜃𝑅(𝑑𝑇)

70(ʎ)
)

2

  

 (6) 

  𝐿𝜃𝑇 =  12 (
𝜃𝑅(𝑑𝑇)

70
(

1

ʎ
))

2

= 12 (
𝜃𝑅(𝑑𝑇)

70 
(

𝑓

3𝑥108))
2

 

 (7) 

Similarly, for the receiver antenna, the point loss is given 

as;  

  𝐿𝜃𝑅 = 12 (
𝜃𝑅

𝜃𝑅3𝑑𝐵
)

2

  (8) 

  𝐿𝜃𝑇 = 12 (
𝜃𝑅

𝜃𝑅3𝑑𝐵
)

2

=  12 (
𝜃𝑅(𝑑𝑅)

70
(

1

ʎ
))

2

  (9) 

  𝐿𝜃𝑇    = 12 (
𝜃𝑅(𝑑𝑅)

70 
(

𝑓

3𝑥108))
2

  (10) 

The antenna pointing error loss is computed for various 

frequencies and also for various antenna diameters. The 

computation is conducted for 0° ≤  𝜃𝑇 ≤ 1°  . 

 

 

3. RESULTS AND DISCUSSION 

The detailed results for the computation of antenna pointing 

loss at 6 GHz  for 0° ≤  θT ≤ 1° and d = 3 m are given in 

Table 1. Also, the results for the computation of antenna 

pointing loss at 2 GHz, 6 GHz, 12 GHz , 20 GHz,  and  

40GHz  for 0° ≤  θT ≤ 1° and d = 3 m are given in Table  

2. The graph plot for antenna pointing loss at 2 GHz and  6 

GHz,    for 0° ≤  θT ≤ 1° and d = 3 m is given in Figure 2 

while  graph plot for antenna pointing loss at 12 GHz , 20 

GHz and  40 GHz,    for 0° ≤  θT ≤ 1° and d = 3 is given in 

Figure 3.  According to the results, for a given frequency 

and antenna diameter, the antenna pointing loss (Lp in dB) 

increases with pointing error angle (θ). Also, for a given 

pointing error angle (θ) and antenna diameter (d in m) the 

antenna pointing loss (Lp in dB) increases with frequency 

,f. 
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Table 1 The detailed results for the computation of antenna pointing loss  (Lp in dB) at 6 GHz  for 0° ≤  𝜃𝑇 ≤ 1° and d = 

3 m 

f (GHZ) ʎ (m) D (m) 

Antenna 3 dB 
Beamwidth (θ3dB 
°) 

Pointing Error 

Angle (θ°) 
LP for 6 GHz  
(Lp in dB) 

6 0.05 3 1.166667 0 0 

6 0.05 3 1.166667 0.1 0.088163 

6 0.05 3 1.166667 0.2 0.352653 

6 0.05 3 1.166667 0.3 0.793469 

6 0.05 3 1.166667 0.4 1.410612 

6 0.05 3 1.166667 0.5 2.204082 

6 0.05 3 1.166667 0.6 3.173878 

6 0.05 3 1.166667 0.7 4.32 

6 0.05 3 1.166667 0.8 5.642449 

6 0.05 3 1.166667 0.9 7.141224 

6 0.05 3 1.166667 1 8.816327 
 

Table 2 The results for the computation of antenna pointing loss (Lp in dB) at 2 GHz, 6 GHz, 12 GHz , 20 GHz,  and  40GHz  

for 0° ≤  𝜃𝑇 ≤ 1° and d = 3 m 

Pointing Error 

Angle (θ°) 
LP for 2 GHz  (Lp 

in dB) 
LP for 6 GHz (Lp 

in dB) 
LP for 12GHz (Lp 

in dB) 
LP for 20 GHz  
(Lp in dB) 

LP for 40 GHz  
(Lp in dB) 

0 0 0 0 0 0 

0.1 0.009796 0.088163 0.352653 0.979592 3.918367 

0.2 0.039184 0.352653 1.410612 3.918367 15.67347 

0.3 0.088163 0.793469 3.173878 8.816327 35.26531 

0.4 0.156735 1.410612 5.642449 15.67347 62.69388 

0.5 0.244898 2.204082 8.816327 24.4898 97.95918 

0.6 0.352653 3.173878 12.69551 35.26531 141.0612 

0.7 0.48 4.32 17.28 48 192 

0.8 0.626939 5.642449 22.5698 62.69388 250.7755 

0.9 0.793469 7.141224 28.5649 79.34694 317.3878 

1 0.979592 8.816327 35.26531 97.95918 391.8367 

 
Figure 2 The antenna pointing loss at 2 GHz and  6 GHz,    for 𝟎° ≤  𝛉𝐓 ≤ 𝟏° and d = 3 m 
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Figure 3 The antenna pointing loss at 12 GHz , 20 GHz and  40 GHz,    for 𝟎° ≤  𝛉𝐓 ≤ 𝟏° and d = 3 m 

The detailed results for the computation of antenna pointing 

loss at 6 GHz  for 0° ≤  θT ≤ 1° and d = 6 m are given in 

Table 3.  Also, the results for the computation of antenna 

pointing loss at d =0.5 m, d = 1 m, d = 2 m z , d = 4 m,  and  

d = 8 m  for 0° ≤  θT ≤ 1° and  f = 12 GHz are given in 

Table  4. The graph plot for antenna pointing loss at d = 0.5 

m  and d = 1 m,  for 0° ≤  θT ≤ 1° and f = 12 GHz m is 

given in Figure 4 while  graph plot for antenna pointing loss 

at d = 2 m z , d = 4 m,  and  d = 8 m  for 0° ≤  𝜃𝑇 ≤ 1° and  

f = 12 GHz is given in Figure 5.  According to the results, 

for a given frequency and pointing error angle (θ), the 

antenna pointing loss (Lp in dB) increases with antenna 

diameter  (d).   

Table 3. The detailed results for the computation of antenna pointing loss at 6 GHz  for 0° ≤  𝜃𝑇 ≤ 1° and d = 6 m 
f (GHZ) ʎ (m) d θ3dB θ Lp (dB)  for 6 GHz 

6 0.05 6 0.583333 0 0 

6 0.05 6 0.583333 0.1 0.352653 

6 0.05 6 0.583333 0.2 1.410612 

6 0.05 6 0.583333 0.3 3.173878 

6 0.05 6 0.583333 0.4 5.642449 

6 0.05 6 0.583333 0.5 8.816327 

6 0.05 6 0.583333 0.6 12.69551 

6 0.05 6 0.583333 0.7 17.28 

6 0.05 6 0.583333 0.8 22.5698 

6 0.05 6 0.583333 0.9 28.5649 

6 0.05 6 0.583333 1 35.26531 

 

Table  4 The results for the computation of antenna pointing loss at d =0.5 m, d = 1 m, d = 2 m z , d = 4 m,  and  d = 8 m  for 

0° ≤  𝜃𝑇 ≤ 1° and  f = 12 GHz   
θ° Lp (dB) for d =0.5 m Lp (dB)  for d =1m Lp (dB)  for d =2 m Lp (dB) for d =4m Lp (dB)  for d =8 m 

0 0 0 0 0 0 

0.1 0.009796 0.039184 0.156735 0.626939 2.507755 

0.2 0.039184 0.156735 0.626939 2.507755 10.03102 

0.3 0.088163 0.352653 1.410612 5.642449 22.5698 

0.4 0.156735 0.626939 2.507755 10.03102 40.12408 

0.5 0.244898 0.979592 3.918367 15.67347 62.69388 

0.6 0.352653 1.410612 5.642449 22.5698 90.27918 

0.7 0.48 1.92 7.68 30.72 122.88 

0.8 0.626939 2.507755 10.03102 40.12408 160.4963 

0.9 0.793469 3.173878 12.69551 50.78204 203.1282 

1 0.979592 3.918367 15.67347 62.69388 250.7755 
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Figure 4  The graph plot for antenna pointing loss at d = 0.5 m  and d = 1 m,  for 0° ≤  𝜃𝑇 ≤ 1° and f = 12 GHz m 

 

 
Figure 5.  The graph plot for antenna pointing loss at d = 2 m z , d = 4 m,  and  d = 8 m  for 0° ≤  𝜃𝑇 ≤ 1° and  f = 12 GHz 

 

4. CONCLUSION    

The computation of antenna pointing loss for satellite link 

is presented. The paper focuses on the variation of the 

antenna pointing loss on frequency and on the antenna 

diameter. The results show that the bigger the antenna 

diameter, the more the effect of antenna pointing error will 

be . Also, for a given antenna diameter, higher frequencies 

have higher antenna pointing loss for any given pointing 

alignment error. Essentially, satellite link designers should 

ensure minimal pointing error especially for the higher 

frequencies and for large antenna sizes. 
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