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Abstract - Aeronautical channel parameter study gives a clear understanding about the channel behaviour at various flight 
scenario of an aircraft. The quality of Aeronautical communication from ground to air or air to groundis affected by delay 
spread, Doppler effects and multipath fading due to reflected waves. This paper discuss about the various channel parameters 
of aeronautical channel at En-route scenario of the combat aircraft. Also, discuss about the Doppler effects in OFDM 
communication  used in combat aircrafts 
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I. INTRODUCTION 
 
The exponential growth in wireless communication 
technology has opened more avenues in modern 
communication world to exchange information 
almost in real time condition. In last century, the 
Aircraft communication is mainly concentrated only 
in exchange of flight operation related information 
from ground to air and from air to ground. But in 
present days, thedata communication in commercial 
aircraft not only used for flight operation also, it 
scatters for in-flight entertainment, onboard Internet 
facility in real time etc..  In case of combat aircraft, 
the requirement of data communication is slightly 
different from the commercial aircraft requirement. In 
combat scenario, the fighter aircraft needs to transmit 
or receivehuge chunk of data related to the video 
image of accurate place of attack, mapping details 
and other weapon-related information, etc. 
 
If wireless channel used for data communication 
between ground station to aircraft and vice versa is 
called aeronautical channel. The parameter of 
aeronautical channels vary with respect to the current 
flight conditions of the aircraft. This paper mainly 
focus on the analysis of the aeronautical channel in 
view of combat aircraft flightcondition. Section 2 
discuss about the different types of combat aircraft 
and its characteristicsand how it is different from 
passenger aircraft. Section 3 discuss about the two 
type of aeronautical channels i.e 1)Rayleigh fading 
channels and 2) Rician fading channels. Also discuss 
about the channel parameters like delay Spread, 
Doppler, and fading of each channel condition. 
Section 4 discuss about the different flight conditions 
involved in one sortie of a fighter aircraft and how it 
affects the aeronautical channel behaviour in-turn the 
data transmission. Section 5 discuss about the 
simulation of various parameters at various flight 
condition of the combat aircraft. Section 6 shows the 
results and finally the conclusion. 

II. COMBAT AIRCRAFTIN WAR SCENARIOA 
AND COMPARISON WITH PASSANGER 
AIRCRAFT 
 
Combat aircraft role istotally different from the 
Passenger aircraft. It is used for attacking, penetrating 
and bombing activity in the battlefield. A fifth-
generation Airforce is a fully networked force that 
exploits the combat multiplier effects of a readily 
available, integrated and shared battlespace picture to 
deliver lethal and non-lethal air power shown in fig.1. 
 

 
Fig. 1 Air-Air and Air-Ground Communication in battle field 

scenario 
 
In present-day war tactice mostly depends on the 
Observe Orient Decide Act loop (OODA) concept.  
The first two O’s in the loop mainly based on the 
information exchange in the form of video, audio and 
other mission related data. The real time video 
information exchange between the control station to 
the pilot and vice versa requires reliable 
communication network. An Orthogonal Frequency 
Division Multiplexing (OFDM) modulation 
technique is anadvanced technology which helps to 
provide reliable data transfer between the transmitter 
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and the receiver through a fast fading aeronautical 
channel. The combat aircrafts are high velocity 
aircrafts compared with the passenger aircrafts, Table 
1 shows the aircraft parameter comparison. Wireless 
communication employed in a high velocity platform 
is suffered by a high Doppler effect which affects the 
received data, in particular, itaffectsthe orthogonality 
property of the subcarriers in OFDM communication. 
 

 
Table 1 Comparison of combat and passenger aicraft 

parameters 
 
If orthogonal property between the subcarriers is 
disturbed, then overlapping of subcarriers will occur 
and it introduces the Inter Carrier Interference(ICI) in 
the OFDM communication system. This ICI will 
degrade the performance of the communication and 
leads to data error. Addition to the high Doppler 
effect, the high altitude flying of combat aircraft will 
increases the path delay between Line of Sight (LOS) 
and Multipath signals that leads to Inter Symbol 
Interference (ISI) in the OFDM communication. This 
paper discuss the interferences in the aeronautical 
channel due to the combat platform characterstics and 
OFDM communication systemin details in the 
following chapters. 
 
III. BRIEF ON AERONAUTICAL CHANNEL 
AND ITS PARAMETERS 
 
Aeronautical channel is a wireless medium used for 
transfer of information from aircraft to the ground 
station and vice versa, also to exchange the data 
between the other aircraft which is flying in the sky.  
The study of aeronautical channel behaviour is 
slightly different from behaviour of the wireless 
channel used for mobile communication in land. 
Aeronautical channel analysis mainly focuses on line 
of sight (LOS) communication which is having zero 
path delay and less distorted and the multipath wave 
reflected from different types of man-made objects or 
natural objects like tree, hill, etc. the reflected waves 
are not a single wave, it is a bunch of  wave from 
multiple direction with different path delays 
depending upon from where it gets reflected. Fig. 2 
shows the LOS and the multipath reflected signal 
from various objects from the ground. 

 
Fig. 2LOS and multipath Link in Aeronautical communication 
 
The wireless channels are classified as Rayleigh 
channel and Rician channel depends on the signal it 
contains.  Rayleigh channel comprise of only 
reflected waves and no LOS path signal available, 
this is mainly experienced in the urban area 
communication where all the transmitted signals are 
gets reflected and scattered by the high rise buildings, 
towers, water tanks, etc.   Rician channel comprise of 
reflected waves and strong LOS waves, the ratio 
between the LOS wave strength to the reflected wave 
strength defines the Rice Factor K. 
 

𝐾     (1) 

where 
‘a’ amplitude of the LOS path signal 
‘c2’ variance of the scattered component 
 
Rice Factor K expressed in dB 

𝐾 10 ∗ 𝑙𝑜𝑔   𝑑𝐵           (2) 

The Rician channel is normalized in terms of Rician 
factor ‘K’ is given by  a2 + c2 = 1, then the value of  
‘a’ and ‘c’ are calculated  as follows 
 

𝑎     and   𝑐  

 
If 𝐾  0  then   a = 0 and c= 1  then the  channel 
experience Rayleigh fading 
If 𝐾  ∞then a = 1 and c = 0 then the channel like 
AWGN contains only LOS path and no multipath 
waves.  The value of ‘K’ in dB normally lies in the 
range of 5 to 20 for aeronautical channels [2]. 
 
A. Channel Parameters 
The quality of data communication through 
aeronautical channel is measured with its parameter 
at different conditions of the Wireless channel. 
Reflection, scattering, diffraction and shadowing 
effects together with a direct line of sight(LOS) path 
are known as multipath propagation in wireless 
communication and result in fading of the received 
signal due to the deconstructive nature. Three major 
factors to be considered in the multipath propagation 
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are 1) Fading, 2) Delay spread and 3) Doppler 
Spread. The study of these three basic parameters will 
help us to understand aeronautical channel at 
different flight conditions of the combat aircraft. 
 
A.1    Fading 
In multipath propagation channel model, the rapid 
change in the received signal amplitude and phase 
over a small interval of time is referred as a 
fading[2][3].  In aeronautical communication, the 
factors influencing the fading are multipath waves, 
relative motion between the transmitter and receiver 
and the transmitted signal bandwidth. Fading due to 
multipath time delay spread is classified as flat fading 
and frequency selective fading depending upon the 
delay spread value τ. The multipath signal model for 
calculating time delay is explained using a Two-Ray 
model shown in  fig.3.Consider the LOS wave arrives 
at the receiver at τ = 0,then  the time delay of the  
reflected signal is calculated from the two-ray model.  
Consider the two right angle triangles ‘aeb’ and ‘afc’ 
to calculate the path distance DLOS and DRFL of LOS 
and reflected signal respectively. 
 

𝐷  ℎ ℎ 𝑅  (3) 
 

𝐷 ℎ ℎ 𝑅 (4) 
the path difference is given by 
∆𝑑 𝐷 𝐷 and the delay time ‘τ’ is given 
by 

𝜏
∆

  (5) 

Where 
‘c’ is the speed of an electromagnetic wave. 
If   𝑇  ≫  τ  then the channel is Flat fading channel 
and   Ts is Symbol period. 
If 𝑇 ≪ τ then the channel is frequency selective and 
receiver will receive multiple copies of the 
transmitted signal of attenuated and delayed in time. 
This will introduce Inter Symbol Interference (ISI) 
effects data. 
In general, the channel to have flat fading only if the 
ratio 0.1 

 
A.2  Delay Spread 
The Electromagnetic waves transmitted from the 
transmitter reaches the receiver by two ways. One 
way through Line of Sight (LOS) and the second way 
through reflected and scattered waves. 

 

Fig.3 Two Ray Model geometry 

The time difference between LOS signal and the 
reflected signal reaches the receiver defines the time 
delay parameter. The reflected and scattered waves 
are not a single wave but from multiple objects from 
multiple directions. So the delay is not a constant one 
and it varies for each reflected waves depending upon 
the distance it travels, gives the overall delay spread 
parameter. The delay spread is denoted as 𝜎 , and 
‘τmax’ is the maximum delay value in the spectrum of 
delay. Hence the coherence band width ‘BC’ of the 
channel is given by 
 

𝐵   (6) 

 
Where ′𝜎 ′  delay Spread 
 
The aeronautical channel behaves as a flat fading 
channel, when the signal bandwidth ‘ω’ is less than 
the coherence bandwidth (i.e ω < BC). Similarly, if 
the signal bandwidth is greater than the coherence 
bandwidth (i.e ω > BC) then the channel behaves like 
a frequency selective.The delay spread vs distance  
simulation result is shown in the fig 7. 
 
A.3  Doppler spread 
Multipath reflection causes the delay in the received 
signal at the receiver, also a relative movement 
between the transmitter and the receivercauses the 
Doppler effect in the received frequency components 
and the Doppler frequency ′𝒇𝑫′ is given by 
 
𝑓  ∗ 𝑓    (7) 

Where 
‘v’ velocity of the aircraft in m/s 
‘fc’ Carrier Frequency 
 
The Doppler frequency resulted in the carrier shift in 
the received signal which greatly affects the 
orthogonality of the subcarriers in the OFDM system 
and introduces inter-carrier interference (ICI). The 
distribution of the  Doppler frequency  in the 
spectrum is called Doppler Spread and it gives the 
information about the fading rate of the channel 
 
A.4 Coherence Time 
Channel coherence ‘Tc’ time is the duration in which 
the channel characteristics are constant. 

𝑇    (8) 

Coherence time is inversely proportional to the 
Doppler spread. Channel to be sampled atleast once 
in a coherence time will help us to understand the 
channel behaviour. 
If 
Tc>inter channel estimation time 
Channel is“slow fading” channel 
 
Tc<inter channel estimation time 
Channel is “Fast fading” channel 
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B  Aircraft Flight scenario 
As discussed in 3 (A), the aeronautical channel 
behaviour mostly depends on the flight condition at 
which it is analysed. Data communication with 
aircraft from parking condition to landing condition is 
a continuous process. The entire flight scenarios can 
be classified [2] as    1. Parking scenario, 2. Taxi 
scenario, 3. Take-off and Landing scenario,and  4. 
En-route scenario.  If the fighter aircraft on combat 
mission, mostly the data transmission is mission 
oriented and it happens during the En-route condition. 
Hence this paper focus more on the En-route 
aeronautical channel analysis and its parameter 
variations compared with passenger aircraft. 
 
B.1   En-Route Flight condition 
During En-route flight condition[1][4],combat 
aircraft performs an air to air communication to share 
data with other aircraft in the same mission, also it 
performs ground to air and air to ground 
communication to share data and other navigation-
related information.  The multipath signal comprises 
of LOS and the reflected signals as shown in fig. 3.  
The combat aircraft velocity in en-route condition 
will be very high compared with the passenger 
aircraft. Refer Table 1 for maximum velocity of some 
of the advanced combat aircraft. 
 
The Software Defined Radio (SDR) system is one of 
the advanced data communication system is used for 
voice and data communication in the advanced 
combat aircraft. One of such SDR system with L 
band communication for data transmission is 
considered, the carrier frequency 𝑓  is 1.2 GHZ. The 
Doppler and path delay value calculation are given in 
section 4. 
 
During En-Route condition, aircraft may pass through 
the ground station, this will introduce the change in 
the Doppler frequency from positive to negative. 
When aircraft approaching the ground station the 
Doppler frequency reduces slowly and it moves away 
from the ground station Doppler frequency will 
increase with opposite sign.  Fig. 4 shows the flying 
over ground station condition. 

 
Fig. 4Aircraft flying over the ground station in En-route 

scenario 

IV. APPLICATION OF OFDM TECHNIQUE IN 
COMBAT AIRCRAFT COMMUNICATION 
 
Orthogonal Frequency Divison Multiplexing 
(OFDM)[6] techniques is a promising technology in 
digital communication field. Though the technique 
was developed in late 60’s and early 70’s, actual 
implementation and usage of OFDM become viable 
only after the exponential growth in the signal 
processing and data processing techniques after 90’s. 
Now the  4G and 5G communication standards 
implementing the OFDM techniques to accommodate 
more amd more data and users without much of 
complication. The Fig. 5 shows the basic building 
blocks of OFDM transmitter and receiver units. 
 

 
Fig 5 Base Band OFDM Block diagram 

 
OFDM technique converts the frequency selective 
channel into number of flat fading subcarriersand 
each subcarrier transmits the stream of data with 
minimum error condition. But, the high velocity of 
the combat aircraft is the major concern to use 
OFDM for communication due to Doppler effect. 
High Doppler frequency affects the orthogonality of 
subcarriers and introduce Inter carrier interference 
(ICI) and reduce the quality of sevice. 
Although the number of algorithms and methods are 
availble to address the ICI problem, but most of them 
are dealing with the low frequency Doppler and not 
addressing the combat platform issues. The current 
work addresses theaeronautical channel behaviour for 
combat platform communication using OFDM. The 
multipath signal analysis is discussed in the following 
section. 
 
V. MULTIPATH SIGNAL CALULATION AND 
SIMULATION 
 
The Doppler effect of multipath signal in the En-route 
condition is simulated as a two-ray model. Gorund to 
air communication scenario is depicted in fig. 3, the 
reflected waves and the LOS waves inerfere with 
each other in space and generates the standing wave 
pattern. The received signal at the combat aircraft is 
analyzed for Doppler effect and other channel 
characterstics of L band communication system[5]. 
The MATLAB simulation is carriedout for small 
distance of movement of the high velocity combat 
aircraft moving towards the ground station.When 
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aircraft moving towards the ground station produce 
the positive Doppler in the LOS signal and negative 
Doppler in the multipath reflected signal. 
Consider combat aircraft fly with a velocity of 600 
m/s i.e (approximately  1.76 mach)  and a distance 
from the ground station is 100 KM at an altitude of 
40000 ft.From Fig. 6,  the distance between  the 
aircraft and the ground station is very high compared 
to the altitude, so, for a simulation purpose it is 
assumed that the wave propagation is almost in 
 

 
Fig. 6Multipath signal  and LOS distance Geometry 

horizontal direction. 
 
Aircraft movement in x axis is ‘Δx’, then, 
𝑥 0 0,    𝑑 0 𝐷,   𝑑 0 𝐷 2𝐷 

𝑥 1 ∆𝑥,    𝑑 1 𝐷 ∆𝑥,   𝑑 1
𝐷 2𝐷 ∆𝑥 

𝑥 2 2∆𝑥,    𝑑 2 𝐷 2∆𝑥,
𝑑 1 𝐷 2𝐷 2∆𝑥 

Where  Δx is the sampling interval and is equal to a 
fraction ‘F’ of wavelength λ. 
The above data shows the actual distance of traveling 
of LOS waves and the reflected waves in terms of  Δx 
and D.  The time sample t[0],t[1] and t[2], etc are 
given by 

𝑡 0 𝑥 0
𝑣     ,    𝑡 1 𝑥 1

𝑣 
A combat aircraft using L band (1.2 GHz)  will have 
a maximum Doppler frequency of about 2400 Hz 
approximately, the respective coherence time Tc is 
approximately 104 µsec.  So the channel to be 
sampled atleast once in 104 µsec. 
 
For a calcualtion simplicity, assume the aircraft 
maintain the constant velocity during En-route, and 
the signal amplitude remains constant. 
The complex envelope r[t] of the received signal is 
the sum of both LOS and refelcted signal 

𝑟 𝑡 𝑒𝑥𝑝 𝑗
2𝜋
𝜆

𝑑 𝑡 𝑗𝜙  

exp 𝑗 𝑑 𝑡 𝑗𝜙             (9) 

 
and change in distance given by 

𝑑 𝑡 𝐷 𝑣𝑡       𝑎𝑛𝑑     𝑑 𝑡 3𝐷 𝑣𝑡 
By substituting 𝑑 𝑡  and 𝑑 𝑡  in the above eqn. and 
ignore the initial phasesand fixed phase components 
𝑟 𝑡 exp 𝑗2𝜋𝑓 𝑡 exp 𝑗2𝜋𝑓 𝑡            (10) 
 
Where   fD  is    

Taking into  account the equality 
exp 𝑗2𝐴 exp 𝑗2𝐵

2𝑗𝑠𝑖𝑛 𝐴 𝐵 exp 𝑗 𝐴 𝐵  
Substitue 2A= 2𝜋𝑓 𝑡   and 2B = 2𝜋𝑓 𝑡 

r t 2jsin
2𝜋𝑓 𝑡

2
2𝜋𝑓 𝑡

2
𝑒𝑥𝑝 𝑗

2𝜋𝑓 𝑡
2

2𝜋𝑓 𝑡
2

 

(11) 
The equation reduces to 
r t 2jsin 2π𝑓 𝑡  
The magnitude of the complex envelope gives the 
sinusoidal oscillation of frequency 2𝑓  
|𝑟 𝑡 | |2sin 2π𝑓 𝑡 | 
 
VI. SIMULATION RESULTS 
 
The delay spread vs receiver distance from 
transmitter profile is simulated and plotted on 
MATLAB. 

 
Fig. 7 Delay Spread Vs Distance 

 
The simulation of multipath signal discussed in 
section V is simulated in MATLAB and the results 
have been plotted 

 
Fig.8 Received Signal Amplitude 

 
Fig. 9  Phase of Received complex signal Envelope 
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Fig.10 Doppler Spectrum of the Received signal 

 
CONCLUSION 
 
In this paper the major aeronautical  communication 
channel parameters  were analysed for a  combat 
aircraft communication  environment. MATLAB 
simulation of Multipath signal and LOS signal effects 
at the receiver was simulated and the dual Doppler 
effects due to multipath also simulated and the results 

were plotted. Aeronautical communication using 
OFDM technology in combat aircraft requires an 
efficient algorithm to address the high Doppler 
impact and to reduce the ICIeffect. The proper 
channel compensation methods have to be 
implemented  to over come the effects due to high 
velocity in combat platform to have a reliable 
communication 
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