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ABSTRACT 

 

This paper presents the issues related to the modeling and performance of the Radio Channel 

used in Telemetry.  Because of the physical environment one expects stressed channel conditions 

due to multipath, shadowing, and high doppler shift caused by high speeds of up to mach 3.  

Prior work has created useful data and models for analysis of these radio channels. This paper 

will develop features of a channel simulator that will allow for evaluation of radio protocols for 

iNET. Substantial work has also been done to develop requirements for the iNET networked 

radio environment. This paper will map these requirements into technical features required for 

the radio link and consider how these will relate to the effects of the channels. 
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INTRODUCTION 

 

iNET (Integrated Network Enhanced Telemetry) is a concept for networking information, 

sensors and telecommunications from aircraft platforms under test to a ground network over a 

radio channel/network.  The current one-way dedicated radio link [1] for the telemetry channel is 

inefficient and not up to date with current technology. The iNET radio link protocol seeks to 

solve the problem of effective data communication within the given environment i.e. the air to 

ground channel. Simulation of the channel is necessary in order to develop an efficient radio link 

protocol. Previous work has provided models and parameters for the simulation of various 

channels and the issues affecting the channels such as multipath, doppler and noise, based on 

actual data collected at Edwards AFB, California [2].  A matlab simulator is proposed in this 

paper for the simulation of a telemetry wideband channel.  
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THE iNET RADIO CHANNEL 

 

The telemetry network system (TmNS), figure 1, is characterized by a one way dedicated link, 

with communication only from air to ground. The source of the data on the tested platform 

consists of wire-connected sensors and devices that are attached to the aircraft [1]. These sensors 

transmit real-time, high bandwidth signals. These signals can be high priority communications 

such as voice or avionics, or non-critical data such as wind speed and direction, that is stored on 

board the aircraft, and can be accessed on a ‘need be’ basis.  

 

 
 

Figure 1: Telemetry Network System 

 

The iNET radio link is a high data rate, high bandwidth link that can be used to multiplex a mix 

of signals and provide a robust connection to a ground link. For better efficiency, a two-way 

communication link is needed to provide both air-to-ground and ground-to-air communication. 

This will allow for control and command of onboard equipment, sensor parameters, and other 

functions from the ground station. In addition to being secure, the link needs to have, rapid and 

reliable timing and synchronization, adaptive channel estimation and equalization, and high 

quality of service to ensure priority and fairness of resource allocation. The performance of the 

radio link is affected mainly by its environment which includes high doppler for speeds up to 

mach 3 and lots of data loss due to the stress on the aircraft, its position and its location [1].  

 

 

BACKGROUND WORK ON RADIO CHANNELS 

 

Rice [2] presented a multipath channel model for wideband aeronautical telemetry wherein, data 

obtained from channel sounding experiments was used to generate appropriate channel models 

for wideband aeronautical telemetry. A wideband channel is modeled using a tapped delay line 

(TDL) with time-varying coefficients to account for changes in the multipath characteristics [2].   

A tapped delay line is a finite impulse response (FIR) filter where each tap and tap weight 

depends on the channel characteristics.  An example of a TDL is shown in Figure 2. The total 
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delay line length is M taps, which are located at delays of 1, 2, 3,….., M samples, respectively. is 

a linear combination of the input signal x(n), the delay-line output, x(n-M) and the intermediate 

tap signals, x(n-1), x(n-2), x(n-3), ….., x(n-M-1). 

 

 

 

 

 

 

 

Figure 2: The Tapped Delay Line (TDL) 

The output signal y(n) is given by the difference equation  
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Each tap represents a signal from a reflected path(s), which has a time delay, phase change, and 

attenuated amplitude. The received signal will be the sum of all the signals from the different 

paths. 

 

Based on slow channel variations over a short time interval, the Air-Ground channel can be 

modeled as a linear time invariant system, whose baseband impulse response is given by: 
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where, L is the total number of propagation paths, τk is the propagation delay of the k
th
 

propagation path, Гk is the complex gain of the k
th
 propagation path, and ωc is the Doppler shift 

[2]. This model depicts the multipath behavior of the channel, whose complex baseband impulse 

response is composed of L propagation paths. The higher the value of L, the more accurate the 

channel model is, but there is a tradeoff between model accuracy and complexity since more 

information about each multipath reflection is required. For example, the two ray model does not 

adequately represent the structure of the multipath distortion, as compared to the three ray model, 

which closely approximates the rippling effect of the channel transfer function as shown in figure 

3 obtained from [2]. Therefore, L=3, yields a more accurate model for the multipath observed in 

aeronautical telemetry applications [2]. 
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Figure 3: Data obtained from an actual flight. (a) Estimate of the channel transfer function (solid 

line) and the best 2-ray model fit (dashed line); (b) Estimate of the channel transfer function 

(solid line) and the best 3-ray model fit (dashed line). 

 

The three ray model consists of one direct line of sight path, and two specular reflected paths. 

The first specular reflection is modeled as a single ground bounce from a flat smooth surface 

such as a dry lake bed, with amplitude of 70% to 96% of the line of sight path, and delay ranging 

from 10ns to 80ns relative to the line of sight path.  The second specular reflection is caused by 

irregular terrain such as foothills along the propagation path and has much lower amplitude, 

about 2% to 8% of the line of sight amplitude, and a mean excess delay of 155ns with an RMS 

delay spread of 74ns[2]. 

 

 

 

Figure 4: The geometry of the aeronautical telemetry channel. 

 

 

THE NATURE OF THE AIR-GROUND CHANNEL 

 

The air to ground channel consists of the following characteristics. Firstly, there is large doppler 

shift due to high aircraft speeds of up to mach 3. Doppler shift is caused by a change in 

frequency of the received signal, relative to the transmitted signal due to the movement of the 

aircraft. When the aircraft approaches the ground station, the frequency of the signal increases, 

and when the aircraft moves away from the ground station, the frequency decreases. The change 
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in the frequency content of the signal causes signal distortion at the receiver. Secondly, there is 

multipath caused by the reflection of the signal on surfaces and obstacles such as earth and 

mountains. Each reflection travels on a different path and arrives with a different phase and 

amplitude. At the receiver, these signals may combine constructively or destructively, causing 

fading which may result in a loss or major interruption of the signal. Finally, the signal is further 

degraded by the presence of noise in the channel which may be caused by natural disturbances 

such as lightning and man-made disturbances such as vehicle ignition noise [3]. 

 

 

MOTIVATION FOR A CHANNEL SIMULATION 

 

Simulation is necessary so that technology can be transitioned from one laboratory to another, 

enabling independent designers to document performance comparisons. Simulators are also 

valuable in validating performance in controlled conditions and in screening equipment 

performance prior to complex and expensive field tests [4]. In the iNET environment, channel 

simulation allows us to see the effects of the channel on the signal. By varying the different 

parameters, such as delay, noise and multipath, for the differing channels, we can observe the 

effect these variations have on the signal. It also allows for replication of radio channel 

conditions in order to achieve better performance evaluation [3]. In addition, because of the 

complexity and costs associated with running live tests using the aircraft, simulating the channel 

allows us to evaluate or run theoretical tests thus saving time, money and other valuable 

resources.  

 

 

THE GENERIC CHANNEL SIMULATOR 

 

Bello in [3] and [5] presented a report on channel models and associated range of parameters for 

a variety of radio communication channels to be used in the Generic Channel Simulator (GCS). 

The Generic Channel Simulator is software developed to simulate channels including the 

VHF/UHF Air-Ground channel. It is a useful tool in comparing and evaluating communication 

and detection techniques over wireless channels [5].   He proposed three generic models that can 

be used individually or in combination to simulate the various channels, which are: 1) the 

Complex Gaussian Factorable Wide Sense Stationary Uncorrelated Scattering (WSSUS) Model; 

2) the Discrete Non-Fading Paths Model; and 3) the Discrete Complex Gaussian Factorable 

WSSUS model. 

 

The WSSUS model, interprets the scattered path as a continuum of wide sense stationary 

fluctuating elemental scatterers with a power density in delay and Doppler, S(ξ,υ) called the 

scattering function [5].  The complex Gaussian factorable WSSUS model (model 1) is a special 

case of the WSSUS model in which the fluctuations are complex Gaussian and the Doppler 

power spectrum P(υ) is the same for all delays.  The scattering function can then be factored into 

the product P(υ)Q(ξ) where Q(ξ) is the delay power spectrum [5]. This represents the scatter 

paths, which are purely random in a nature. Model 2 consists of a set of randomly phased and 

Doppler shifted paths with fixed amplitude and path delays and is used to represent the resolved 

paths. Model 3 consists of a finite set of independently fluctuating paths with statistically 

stationary complex Gaussian statistics and the same P(υ) for the fading of each path [3]. These 
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models are greatly simplified when the channel is characterized by slow fading over the 

detection interval and/or small amounts of frequency selective fading distortion over the received 

bandwidth. The models can be used directly or modified slightly, by changing certain input 

parameters, to model other radio channels. A model that is a blend of model 1 and model 2 is 

known as the Mixed Discrete/Scatter Model. This mixed model is used to represent most of the 

wireless channels in the Generic Channel Simulator (GCS) including the Air-Ground channel [3] 

and [5].  

 

The tree diagram in figure 5 presents the directory structure of the GCS [3].  As shown there are 

three initial subdirectories: GenChanSim/HF, GenChanSim/MobileChan, and GenChanSim/Sat 

used to simulate high frequency channels, mobile channels and satellite channels respectively. 

Each of these subdirectories has three further subdirectories: PropChan, AddDist, and Pathloss to 

include the simulation of propagation channel distortion, additive disturbances and estimation of 

path loss respectively.  One of the subdirectories of the propagation channel is the Airmobile, 

which consists of the air-to-air and air-ground channels, the latter being our main focus.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Generic Channel Simulator (GCS):  First Four Directory Levels 

 

The GCS uses a TDL model with associated statistical channel models, which are generic in 

nature. The scatter portion of the Mixed Model simulated by the GCS is assumed to be 

composed of N scatter paths, each represented by model 1. This gives a scattering function [5] 

for the scatter portion of the mixed model as: 
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where Qn(ξ) is the delay power spectrum, Pn(υ) is the doppler power spectrum, ξn, υn are the 

mean doppler shift and path delay of the n
th
 scatter path respectively, and pn is the mean absolute 

magnitude squared of the n
th
 scatter path transfer function. The GCS also has optional default 
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parameters, which the user can select as an alternative to choosing from a large range of 

parameters. 

 

 

THE PROPOSED CHANNEL SIMULATION 

 

Current research includes the development of a wideband channel simulator using matlab 

software. In a wideband channel, the bandwidth of the signal is greater than the coherent 

bandwidth of the multipath fading process. The wider the bandwidth, the smaller the time 

resolution, and a small time resolution allows for the fine granularity of the signals fading to be 

observed. Thus, we can use different techniques like equalization and a rake receiver to resolve 

the multipath [6]. In addition, wideband channels also afford higher data rates [4] and have 

higher noise immunity than narrowband channels. Thus, a wideband channel is appropriate for 

the iNET radio environment since the multipath elements of the signal can be resolved within the 

signal bandwidth.  

 

Simulation of the direct line-of-sight and the discrete paths are straightforward, and can easily be 

implemented in matlab. Simulation of the scattering path for wideband channels is more complex 

and will require the use of the GCS. For the iNET environment, the dominant paths are the line-

of-sight and the discrete paths. The scattered path in most aeronautical cases is not a significant 

component in the performance of the link. In the case where shadowing due to hills or vegetation 

removes or diminishes the direct and discrete components relative to the scattered paths, 

scattering becomes a significant factor in the signal transmission and detection. This simulator 

would allow us to simulate and test the different channel models that have been previously 

proposed in [2] and [3] and see how closely our results compare to those previously obtained.  

Testing of different modulation schemes on the channels will also be conducted. This will also 

allow us to assess the impact of the identified technical features of the RLP on, diversity 

combining, encryption synchronization and on the need for equalization.  Ultimately, the 

simulator will be used in the design of the radio link protocol for aeronautical telemetry to 

identify potential modulation and coding schemes that can perform in this environment. The 

existence of very stressful conditions in the iNET environment mandates the simulation of severe 

channels, which will be the key to ensuring robust performance of the radio link protocol.  

 

 

CONCLUSION 

 

This paper proposes a framework for integrating previous work done in radio channel simulation 

of the various radio channels. By developing a channel simulator, and by replicating previous 

results, it is expected that this simulator can be used in the design of a radio link protocol for 

aeronautical telemetry. Future work includes the presentation of the results of the matlab 

simulation proposed in this paper.   
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