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Abstract 
 
Antennas are mounted on aircrafts for civilian use and 
also used in missiles and shells for airborne warfare 
applications. It is important to calculate the coverage area 
of such antennas for system design. In this work, a 
formula is derived for getting an estimate of the coverage 
area i.e. ground footprint of such airborne projectile 
systems. 
 
1. Introduction 
 
In electronic warfare applications, missiles and artillery 
shells are used which have a projectile motion. In their 
downward trajectory they have to detect the target by 
analyzing the received signal. Sometimes the target has to 
be identified from the clutter or the clutter is the intended 
target. This is the principle of proximity fuze [1]. The 
estimation of this clutter power is very important for 
system design. The clutter power is dependent on the area 
illuminated by the antenna system. For this the antenna 
footprint needs to be calculated.    
 
Footprint calculation for antennas mounted on a satellite 
has been done in [2] for different antenna patterns. 
However no such calculation is available for systems 
having a projectile motion with variable altitudes at low 
heights where the earth surface can be assumed flat. This 
work is an effort to mitigate the limitation to help in 
designing better and more accurate electronic warfare 
systems.  
 
2. Calculation 
 
Let us consider an antenna or antenna array which is 
placed such that the radiation is directed towards the axis 
of the projectile. The antenna system has an omni-
directional radiation pattern in the azimuth plane. Let us 
assume that the system is located at a point O which is at 
a height H from the ground. It is tilted at an angle α 
degrees with respect to the ground plane. We also assume 
that the projectile is oriented along the x-axis. The HPBW 
of the antenna is assumed to be 2*β degrees in every 
constant phi plane. The location of the antenna along with 
the ground plane is shown in fig. 1 below. The area which 
is illuminated by at least half of the power in the 

broadside direction is assumed to lie in the antenna 
footprint.   
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Shape of antenna footprint along with the 
projectile at O 
 
As the HPBW is same in every constant phi plane, the 
radiation from the antenna looks like a right circular cone. 
We know that when a plane intersects the cone at an angle 
greater than the semi vertical angle of the cone (α>β), the 
shape formed at the face of the cone is an ellipse [3]. So 
the problem can be thought as an equivalent problem as 
shown in fig. 2 below. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Equivalent representation of the problem 
 
In fig. 2, OP is the perpendicular line segment drawn from 
the point O to the ground plane. So length of segment OP 
is the height H. Hence the triangles POA, POM and POB 
are all right angled triangles. Segment AB is the major 
axis of the ellipse forming the ground footprint. Its length 
can be found out by calculating the lengths of segments 
AP and BP.    
 
 



From ∆POA, ∠ POA=90º -α-β. 
tan(90º -α-β) = AP/OP 

                         ⇛	AP = OP*tan(90º -α-β) 
                         ⇛	AP = H* tan(90º -α-β)                       (1) 
 
From ∆POB, ∠ POB=90º-α+β. 

tan(90º -α+β) = BP/OP ⇛	BP = OP*tan(90º -α+β) 																												⇛	BP = H* tan(90º -α+β)                       (2) 
  
The major axis of the ellipse is AB which is given by 
                AB = BP – AP ⇛	AB = H* tan(90º -α+β) - H* tan(90º -α-β) ⇛	AB = H * {tan(90º -α+β) - tan(90º -α-β)} 
           ⇛	AB = H * {cot(α-β) – cot(α+β)}                      (3) 
 
Point I is the mid-point of segment AB. In an ellipse, the 
major axis and minor axis bisect each other at their 
common midpoint. So the minor axis passes through the 
point I and is perpendicular to the plane of the paper. To 
find out the length of the minor axis we consider the circle 
parallel to the base of the cone and passing through the 
points Q and I with point Q as the centre of the circle. The 
minor axis lies on the circle and r1 is the semi-minor axis 
as shown in fig. 3 below. 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Circle showing the semi-minor axis r1 
 
If we can find out the radius r of the circle and the 
distance IQ, we can find the length of the semi-minor axis 
by the following relationship 

                              r1 ൌ 	ඥrଶ െ	 IQଶ                               (4)                     
 
The radius can be found out if we know the dimension of 
segment OQ. Segment OQ is the sum of segments OM 
and MQ. 
 
From ∆POM, ∠ POM=90º-α. 

cos(90º -α) = OP/OM ⇛	OM = OP/cos(90º -α) 	⇛		OM = H/ cos(90º -α) 
                            ⇛	OM = H*cosec(α)                           (5) 
 
Both the segments MQ and IQ can be found out if we can 
find the length of segment MI. Segment MI is 

MI= AI-AM 																																				⇛	MI= (AB/2) – (MP-AP)              (6) 
 
 
 

From ∆POM, ∠ POM=90º-α 
      tan(90º -α) = MP/OP 		⇛	MP = OP*tan(90°-α) 																																⇛	MP = H* tan(90°-α)                       (7) 

 
Substituting the values of AP, AB and MP from (1), (3) 
and (7) in (6), we get 
 MI ൌ H ∗	ቊtanሺ90˚ െ α ൅ βሻ ൅ tan	ሺ90˚ െ α െ βሻ2 െ 	tan	ሺ90˚ െ αሻቋ 

 

                  ⇛ MI ൌ H	 ቄୡ୭୲ሺ஑ାஒሻାୡ୭୲	ሺ஑ିஒሻଶ െ 	cot	ሺαሻቅ			     (8) 

 
From ∆MIQ, ∠ QMI = α 
                                        MQ = MI* cos(α)                        (9)                   
                                       IQ = MI* sin(α)                      (10) 
 
Hence, we can find the radius r according to the relation 

tan (β) = r / OQ 
                                      ⇛	r = OQ * tan(β) ⇛	r = (OM + MQ) * tan(β) 
              ⇛	r = {H * cosec(α) + MI * cos(α)} * tan(β)  (11) 
 
Substituting the values of IQ and r from (10) and (11) in 
(4), we can find the length of the minor axis. The relation 
thus derived to determine the minor axis is  
 2 ∗ r1ൌ 2 ∗ H
∗ ളۣളളളളള
ളളളለ ቈcosecሺαሻ ൅ ቊcotሺα െ βሻ ൅ cotሺα ൅ βሻ2 െ cotሺαሻቋ ∗ cosሺαሻ቉ଶ
∗ ሼtan	ሺβሻሽଶ െ ቊcotሺα െ βሻ ൅ cot	ሺα ൅ βሻ2 െ cot	ሺαሻቋଶ ∗ ሼsinሺαሻሽଶ 

                                                                           (12) 
 
Thus the area of the ellipse can be found out from the 
lengths of major axis and minor axis using simple 
geometry as [4] 
 
              Area= Major Axis * Minor Axis * pi / 4        (13) 
 
Substituting the values of major axis and minor axis from 
(3) and (12) in (13), we get 
 
                             Area = AB*2*r1*pi/4                      (14) 
 
 
3. Conclusion 
 
A general formula for calculating the ground footprint has 
been obtained with some assumptions like the antenna has 
an omnidirectional pattern and the tilt of the projectile is 
greater than half of the half power beamwidth. The 
formula is likely to be used in warfare applications. 
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