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ABSTRACT 

The amount of pointing error (beam squint) plays a decisive role in maintaining high data link for satellite 

communication. Antenna pointing errors cause a decrease in gain as well as an increase in interference to 

neighboring satellites. Due to the restricted beam width in high gain antennas, precise pointing is needed. In 

this paper, the pointing error for 1.5m Cassegrain antenna (ground station antenna) is calculated with 

respect to its structural displacements (mainly Feed Displacement and Secondary Reflector Translation). 

Also, the impact of these structural deflections on antenna parameters such as peak gain, phase error, and 

sidelobe level is evaluated. The result shows that pointing error may rise up to 1.6 degrees for one-inch 

displacement of structures. Finally, 75% of gain loss is compensated by using movable feed and 

Subreflector. 

Keywords: Antenna Pointing, Cassegrain Antenna, Feed Displacement, Lateral Defocus, Axial Defocus, 

Phase Error. 

 

1. INTRODUCTION 

Reflector antenna plays an important role in 

microwave communication. The accuracy and 

pointing of reflector are the key deciding factors for 

the performance of the system. As name indicate 

reflector, these types of antennas work by reflecting 

the incident electromagnetic waves on the surface 

of the reflector. They reflect the energy coming 

from feed to form plane waves. Due to the high 

gain value, reflector antennas have wide use in 

satellite communication, radar and radio astronomy. 

Also because of low weight, low power 

consumption and grating lobe free radiation, 

reflector antenna remain in forefront comparing to 

lens and phased array antennas. Out of various 

geometrical shapes, Parabolic, Cassegrain and 

Georgian are mostly used. Parabolic reflector 

antenna consists single reflector surface whereas 

Cassegrain and Georgian are double reflector 

antennas. The plane reflector is the simplest type of 

reflector which can guide the energy in the required 

direction. The paraboloid reflector surface 

converges the incoming parallel rays into one point, 

which is called focal point. In the same way, the 

beams originated from focal point follows parallel 

path after reflection from paraboloid surface. These 

parallel rays are called collimated beams. The 

paraboloid surface creates a highly directional beam 

in the desired direction. This configuration prevents 

antenna to radiate in the back side of the reflector. 

The focal point is regarded as the feed of an 

antenna. In transmitting antenna, feed acts as an 

energy source whereas energy collector in the case 

of receiving antenna. The position of feed can be 

changed to optimize the performance of an antenna.   

Instead of single reflector surface, Cassegrain 

configuration used two reflecting surfaces. This 

arrangement reduces the blockage of feed as well as 

shortens the transmission line which eventually 

decreases transmission loss of the system. As 

antennas are the key component for any satellite 

link it is easier to correct an error of ground station 

antennas rather than antennas in the onboard 

satellite. For the effective data transfer between 

satellite and ground receiver, the antenna should be 

pointed accurately. The pointing loss is one of the 
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most common causes of link failure. Availability of 

high bandwidth in higher frequency and congestion 

in the low-frequency band makes satellite 

communication to go for higher frequency. As 

frequency increases, the antenna beam width 

becomes narrower, which requires better pointing 

accuracy. The required pointing accuracy is mainly 

determined by the beam width of the antenna which 

is the function of antenna diameter and operating 

frequency [1]. The miss-pointing of antenna 

degrades the link margin as well as it causes the 

interference to the neighboring satellite while 

reducing gain in the desired direction [2]. Pointing 

loss can be categorized into two terms static, at the 

time of installation and dynamic, which varies with 

time [3]. 

Figure 1: Basic Geometry of Cassegrain Antenna 

For a Cassegrain system, the following factors 

affect the pointing precision [4]: 

• Feed Displacement 

• Displacement of Subreflector 

• Vertex shift of Primary Reflector 

To acquire and track a satellite in space, the earth 

station antennas should provide very accurate 

pointing information. Pointing error arises from 

both the inability to aim an antenna in exactly the 

right direction and the inaccurate knowledge of 

target location. In this paper pointing errors and 

loss of gain caused by these above-stated factors is 

calculated for 1.5-meter Cassegrain antenna in 20 

GHz frequency. The displacement of structures 

causes a change in path length of the rays in the 

main reflector. The pointing error and peak gain 

loss are calculated with respect to phase error 

caused by a change in path length.

 

Table 1 Design Parameters of Cassegrain Antenna 

Seq. no. Specifications Value 

1 Main Reflector Diameter(D1) 1.5 meter 

2 Sub reflector Diameter(D2) 0.1725 meter 

3 Primary Focal Ratio 0.6 

4 Cassegrain Focal Ratio 5.75 

5 Beam Deviation Factor(K) 0.991 

6 Magnification Factor(M) 8.7 

7 Frequency(f) 20 GHz 
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2. LITERATURE SURVEY 

Mostly reflector antennas are used in satellite 

ground station because of its high gain (above 

20dB). For reflector type antennas, the shorter 

transmission line connecting the feed point and 

transmitter or receiver equipment provide low loss. 

This can be achieved by using double reflector 

antenna (Cassegrain antenna). Cassegrain antenna 

offers low noise temperature, better pointing 

accuracy and flexibility in feed design than 

parabolic reflectors. Also, with the feed located 

near the vertex of primary reflector minimizes the 

transmission losses [5]. A Cassegrain antenna is a 

dual reflector antenna which consists of paraboloid 

main reflector, hyperboloid sub-reflector, and feed. 

The focal point of the paraboloid and virtual focal 

point of hyperboloid converges on the same point. 

Phase center of feed lies on the real focal point of 

sub-reflector. Usually, a horn antenna is the good 

choice as a feed for high-frequency applications 

whereas dipole antenna is the low-frequency 

counterpart. The energy from the feed illuminates 

the sub-reflector which reflects the signal energy to 

the main reflector. The reflected energy is again get 

reflected the by the main reflector to form a desired 

beam. 

Double reflector system can be analyzed using 

physical optics (PO) principle. First, the current on 

the Subreflector surface is determined with the help 

of rays coming from the feed. After that, the 

Subreflector illuminates the main reflector from 

which induced currents can be determined.  Finally, 

the total field can be computed by integrating all 

these currents [6]. 

 The mispointing of antenna results in degradation 

of satellite link margin. The gain in the direction of 

undesired satellite increases which creates 

interference to that satellite downlink or uplink 

signal. This insisted the importance of installation 

technique of ground station for accurate pointing. 

Also, it emphasizes the value of beam bracketing 

method rather than simple peaking based on signal 

strength. Statistical pointing performance of the 

small earth station antenna is analyzed [7]. 

The beam characteristic of the main reflector 

antenna in the case the large lateral displacement of 

feed is computed using vector current method and 

scalar aperture theory [8].  

In prime reflector antennas, the F/D ratio should not 

be very less than one consequently increasing the 

mechanical complexity of the antenna. This 

mechanical complexity can be compensated by 

introducing double reflector system [9]. Cassegrain 

and Gregorian are the examples of double reflector 

antenna configuration. The Gregorian system 

consists of ellipsoid Subreflector which increases 

the effective focal length of the system, but still 

there are some mechanical complexities due to the 

Subreflector position. On the other hand, 

Cassegrain system uses hyperbola as a secondary 

reflector which is placed between the main reflector 

and its focal length can reduce the overall length of 

the system since Subreflector can be placed near the 

main reflector. 

Effect of surface distortion in radiation 

characteristic of antennas using physical optics 

approximation is presented in [10]. Reflector 

antennas in the high-frequency application need 

more accurate surface since maximum operating 

frequency depends on the accuracy of the surface. 

For the system which requires optimum quality of 

performance, surface errors decrease the antenna 

radiation performance. The paper presented the 

relation between polarization coefficients and 

radiation pattern of the antenna. It is noticed that 

lower half of the offset paraboloid reflector is more 

vulnerable to surface distortions causing a change 

in radiation characteristic. 

The beam distortions due to the displacement of 

feed in prime reflector antenna can be found by 

using optics. But, optical references are not directly 

interrelated with the antenna terminology describes 

how scalar plane wave theory can be used to study 

the beam characteristics of the prime reflector 

antenna [11]. Surface errors largely degrade the 

performance of antenna while working on the 

higher frequency band. Compensation methods to 

decrease the effect of aperture errors are presented 

[12].  

3. METHODOLOGY  

The above table shows the design parameters of 

Cassegrain antenna in this paper. The focal length 

to main reflector (F/D) ratio plays an important role 

while designing antenna.  Normal design principle 

follows F/D ratio between 0.25 to 0.6.Parabolic 

reflector antennas having low F/D ratio suffers 

from polarization distortion and poor beam axis 
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performance. On the other hand, the increase in F/D 

ratio causes a decrement in edge angle making the 

system to require more directive and large feed for 

uniform aperture illumination. Also, mechanical 

supporting structures create a blockage which 

reduces gain and increases sidelobe levels. To 

avoid this problem we can use dual reflector 

antenna system [13]. For generating apertures, dual 

reflector antenna gives more degree of freedom. 

Beam Deviation Factor and Magnification 

Factor: 

The ratio of beam maximum to offset 

angle is called beam deviation factor and it is 

denoted by K. The value of beam deviation factor 

(BDF) depends upon the F/D value of antenna [14]. 

The BDF approaches 1 as F/D approaches infinity. 

The approximate mathematical expression for BDF 

is given by: 

 

The magnification factor of hyperbola can be 

written as: 

 

Where  is the eccentricity of the hyperbola which 

is always greater than one.  Also, the magnification 

factor can be regarded as the ratio of main reflector 

diameter to sub-reflector diameter. The analysis of 

Cassegrain antenna can be done by modeling it as a 

single parabolic reflector (equivalent parabola) [4] 

[15]. The equivalent focal length (Fe) of parabolic 

reflector increases by M times i.e. Fe  .The 

increase in equivalent focal length helps to decrease 

cross polarization. 

Feed Displacement: 

The illumination energy provided by feed should 

distribute in a uniform manner in reflector surface. 

This implies amplitude and phase of the every 

incident signal should be same. Also, to be a good 

feed, the phase center should be located on the focal 

point of the primary reflector. Feed displacement 

can be categorized into two ways axial feed 

displacement and lateral feed displacement. Axial 

displacement occurs due to the shift of feed along 

the axis of reflector whereas for lateral defocus, the 

direction is perpendicular to the antenna axis [16]. 

 

Figure 2: Axial Defocusing of Feed 
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Figure 3: Lateral Defocusing of Feed

 

The path length difference (ΔL) caused by axial 

defocus can be written as 

 

 

The difference in path length results from phase 

error over the aperture plane. Phase error (ΔØa) due 

to path length difference (ΔL) is 

 

From this phase difference, antenna field pattern 

can be derived [2] 

 

Where  

J0 is the zero order Bessel function, θ is the angle 

from the axis and f (v) is the feed illumination 

function. Approximately, feed illumination function 

can be written as 

 

T is taper coefficient which determines the 

percentage of feed illumination. Taper coefficient 

can be calculated as 

 

When T is 1, the feed has uniform illumination over 

the aperture. In the same way, phase error due to 

lateral displacement is given by 

 

By squaring the antenna field pattern we can get 

power pattern. Due to displaced focal point, the 

pointing error or corresponding beam deviation is 

 

 

Subreflector Displacement and Vertex Shift: 
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Figure 4: Lateral Defocusing of Subreflector 

The above figure shows the displacement of 

Subreflector with dLs distance along normal to the 

axis. The pointing error caused by this scenario can 

be derived by calculating the location of the virtual 

focal point. 

 

The pointing error (θh) becomes: 

 

 

Similarly, the pointing error resulting from vertex 

shift of system with distance dLv is, 

 

The gain profile of the antenna due to a lateral and 

axial displacement of Subreflector (i.e. Hyperbola) 

can be calculated by replacing the exponential term 

in Eq 2.5 by phase error due to Subreflector. The 

resulting antenna pattern due to lateral 

displacement of feed and Subreflector can be 

calculated by: 

 

Where,  ,    and  represents 

displacement. 

Pointing Loss: 

The gain of the antenna is a key parameter of 

ground station antenna because it affects the 

satellite uplink and downlink energy. The pointing 

loss is defined as the amount of gain loss due to 

misalignment of antenna main beam [17]. The gain 

is optimum when there is no any pointing error or 

beam deviation. Half Power Beam width (HPBW) 

and Pointing error determine the amount of 

pointing loss. The HPBW for reflector type 

antennas is given by: 

 

The loss of gain (Δ ) due to beam deviation  

degree is 

 

 

 is the maximum gain. This represents the 

gain when there is no any pointing error. 
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3. RESULTS AND DISCUSSIONS 

Figure 5 shows the normalized power pattern of 

Cassegrain antenna assuming constant phase over 

the aperture and uniform amplitude illumination. 

The on-axis gain (i.e. for v=0) profile of the 

antenna with feed and Subreflector displacement is 

shown in Figure 6. Structures (feed and sub-

reflector) have been shifted up to 1 inch. For the 

same displacement, Subreflector translation is more 

vulnerable to gain loss than feed displacement. 

Shifting the feed in the axial direction of reflector 

axis causes under-illumination of the main reflector 

whereas Subreflector translation is responsible for 

the under-illumination of both Subreflector and 

main reflector. 

 

Figure 5:  Normalised Radiation Pattern 

 

Figure 6: Axial Defocusing of Feed and Subreflector 
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Figure 7: Lateral Defocusing of Feed 

In addition to beam deviation, lateral defocusing 

produces asymmetric side lobes called coma lobes 

which are the source of interference for other 

satellites. Shifting the structures in +ve Y-axis, the 

beam is shifted to the right. In a similar way, 

displacement in opposite direction causes the beam 

to shift in the left side. 0 inch in Figure 7 and 

Figure 8 represents the antenna pattern without 

displacement. 

 

Figure 8: Lateral defocusing of Subreflector 

Table 2: Measurement of Sidelobe Level 

Displacement (Inch) Feed Shift Subreflector Shift 

0 -20.44 dB -20.44 dB 

1 -20.29 dB -15.83 dB 
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Figure 9:  Pointing Error Vs Displacements 

Lateral defocus increases the side lobe in the 

shifted direction and the reverse is true for opposite 

direction. The effect of lateral defocus on sidelobe 

level in the beam shift direction is listed in Table 2. 

Figure 9 shows the pointing error caused by lateral 

displacements of feed, Subreflector, and vertex of 

the main reflector. These figures show the pointing 

error for various displacements ranging from 0 to 1 

inch. The effect of feed displacement has a 

negligible effect on pointing errors while hyperbola 

translation and vertex shift shows significant 

impact on it. One inch shift of vertex causes about 

1.6-degree pointing error. On the other hand, the 

same displacement of feed produces only 0.18-

degree pointing error which is about 1/10
th

 of 

pointing error due to vertex shift. 

For high-frequency reflector antenna, a horn 

antenna is used as a feed. The feed should have 

uniform amplitude and phase distribution over the 

aperture. But axial displacement of feed and 

Subreflector cause phase error over the aperture 

which is presented in Table 3. These phase errors 

introduce a loss in peak gain. 

Table 3: Phase Error Due to Axial Defocusing 

Displacement 

(inch) 

Phase error due to feed 

displacement(deg) 

Phase error due to subreflector 

displacement(deg) 

0 0 0 

0.2 0.0097 0.6393 

0.4 0.0195 1.2786 

0.6 0.0292 1.9179 

0.8 0.0390 2.5572 

1 0.0487 3.1965 

The pointing error causes pointing loss of antenna 

which we have to consider in satellite link budget. 

Figure 10 shows the relation between pointing loss 

and structural deviation.   The point loss due to 

vertex shift and hyperbola translation varies 

exponentially with displacement while feed 

displacements have negligible effect. 
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Figure 10: Pointing Loss 

As we came to know that vertex shift and 

Subreflector displacement have the significant 

impact on antenna parameters. Since sub-reflector 

displacement is more susceptible to wind and 

temperature gradients than vertex shift, effective 

compensation technique is required for the 

Subreflector shift to optimize the antenna 

performance. The gain loss due to the axial shift of 

Subreflector can be compensated by moving the 

feed in the opposite direction of Sub-reflector shift. 

The result of compensation technique shifting the 

feed by half of that displacement of sub-reflector is 

shown in Figure 11. 

 

Figure 11: Compensation of subreflector shift (axial) 

In the same way, to compensate the axial feed shift, 

Subreflector can be moved in opposite direction of feed 

shift.  The amount of beam deviation and asymmetric 

sidelobe due to lateral displacement is a function of F/D 

ratio displacement. The lateral defocused effect can be 

reduced by increasing the focal length of the Cassegrain 

system. The below figure represents the compensation for 

1-inch displacement of Subreflector by increasing focal 

length of the system by one and half times 
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Figure 12: Compensation of Subreflector Shift (Lateral) 

4. CONCLUSION 

Beam squint due to the structural 

deflection is calculated for 1.5m Cassegrain 

antenna for 20 GHz. Axial displacement is 

responsible for the loss of gain whereas lateral 

displacement is accountable for the pointing error. 

The effect of lateral defocus on the gain profile is 

negligible. Vertex shift and sub-reflector 

displacement have the significant role in distorting 

the pointing precision. For one inch displacement 

of vertex and Subreflector, the beam deviates by 

1.6 and 1.4 degrees respectively. These beam 

deviation forces the antenna to miss the target 

resulting in pointing loss. Also, an inch lateral 

displacement of Subreflector results increment of 

the sidelobe level by 4.61 dB whereas for the same 

displacement of feed, the sidelobe level rises by 

0.15dB. Pointing loss of antenna varies 

exponentially with structural displacement. The 

feed displacement has a low impact on Cassegrain 

antenna performance. But in prime reflector case, it 

may have the significant impact. 

For the optimum performance of 

Cassegrain antenna, sub-reflector should be placed 

exactly in the prime focus of the main reflector.  

The gain of the antenna can be increased 

from -4.14 dB to -0.99 dB by moving the feed in 

the opposite direction of Subreflector shift. The 

required feed shift is smaller than Subreflector 

shift. The pointing error can be reduced about 0.8 

degrees by increasing the focal length of the system 

by 1.5 times. Also, the sidelobe level can be 

decreased by 2.52 dB for a one-inch Subreflector 

displacement (lateral) case. 
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