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ABSTRACT

The aeronautical channel model is a good candidate for modeling the effects of
multipath interference of telemetry signals on test ranges. The aeronautical fading
channel model is parameterized by the signal to noise ratio, the Doppler shift and time
delay between the specular and direct components, the specular to direct power ratio,
the direct to diffuse power ratio, and the bandwidth of the multipath fading process.
Segments of weighting signal data measured during a test at Tyndall AFB provide
data which can be used to determine typical values of the above parameters in a
variety of telemetering environments. In this paper, the set of parameters which most
closely model the actual telemetry channel using the Tyndall data is determined.
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1 INTRODUCTION

Multipath fading occurs on a channel when the transmitted signal arrives at the
receiver via more than one path. Depending on the pathlength differences, the various
signals can either add in phase or out of phase at the receiver. If the signals add out of
phase, destructive interference occurs, and a corresponding drop of received signal
power results. If the transmitter and receiver are moving with respect to each other,
the signal strength will vary with time as the phases of the various signal components
change with respect to each other. The resulting fluctuations in received signal power
are referred to as multipath fading [1].



Multipath fading is a common occurance on test range telemetry channels since the
transmitters and receivers on these channels are often moving with respect to each
other. This fading causes a degradation in performance with respect to the additive
white gaussian channel [2, 3]. In order to design some scheme to adequately overcome
this loss in performance it is necessary to accurately model the fading channel.

Section 2 reviews the basic geometry of the multipath fading channel and illustrates
the geometry of the channel at Tyndall AFB where the sample data was acquired.
Section 3 presents the channel model and block diagram of the system used to
simulate the model. Section 4 shows the sections of the Tyndall data for which the
channel parameters were determined and presents the numerical results of the
simulations. Conclusions are drawn in Section 5.

2 GEOMETRY OF THE MULIPATH FADING CHANNEL

The characteristics of the multipath fading will depend on the geometry of the
multipath channel [4]. In general, the received signal can be considered the sum of
three components: the direct ray, the specular ray, and the diffuse component, as
illustrated in Figure 1.

Figure 1: General Three Component Multipath Channel

The direct ray is the component that travels directly from the transmitter to the
receiver without reflecting off of anything, and will always be present if there is a line
of sight path from the transmitter to the receiver. The specular ray is the component
that reflects off of the specular point while en route from the transmitter to the
receiver. The specular point is that point that would reflect the signal from the
transmitter to the receiver if the scattering surface were flat and smooth. The diffuse
component is the sum of all other reflected rays arriving at the receiver and is modeled
as a Gaussian random process.

An example of a multipath fading geometry which exists on test ranges is shown in
Figure 2. The test vehicle transmits telemetry while flying relatively close to the
water. The receiver is located in an airplane flying at a relatively high altitude. If the



sea is fairly calm, the magnitude of the specular ray will be much stronger than the
magnitude of the diffuse rays. Most of the telemetry data provided by Tyndall AFB
was gathered on a channel with a geometry very similar to this one.

Figure 2: Multipath fading geometry for over-water as at Tyndall AFB

3 CHANNEL MODEL AND SIMULATOR BLOCK DIAGRAM

The impulse response of the channel can be written as [4, 5]

(1)

where

'(t) is a scaling factor which accounts for the relative magnitude of the
specular component to the direct component,

>(t) is the random amplitude of the diffuse component, which is a Gaussian
random process with zero mean, unit variance, and has a normalized
autocorrelation function which depends on the fading bandwidth of the
channel B ,D

t and t are the delays of the specular and diffuse components relative to the directs d

ray,
f and f are the Doppler shifts of the specular and diffuse components relative toDs D

the Doppler shift of the direct component.

For the purposes of simulating this channel response, the quantity 6 was defined to be
the relative power in the direct ray to the power in the diffuse component. It was also
assumed that the average time delays and Doppler shifts of the diffuse component
would be equal to those of the specular ray. Moreover, the Doppler shifts F and theD

fading bandwidth B were both normalized to the bit time T of the transmitted signal.D

The bit time T is equal to the reciprocal of the data rate.

The block diagram of the SPW system used to simulate the channel is shown in Figure
3. The diversity combiner models as closely as possible the receiver configuration



Figure 3: Block diagram of the channel model simulator used to
produce weighting signal data

 used at Tyndall AFB to produce a weighting signal for comparison with the measured
data.

4 SIMULATION RESULTS

Using three segments of data from the tests at Tyndall AFB, simulations were run to
determine the channel model parameters which most closely matched the conditions
during the three segments. The three segments chosen for parametrization represent
three different scenarios observed in the Tyndall data.

Figure 4 shows a data segment early in the test flight which manifests a strong
periodic component (caused by the specular ray) as well as a fairly large random
component. Simulation confirms these assumptions: the relatively large value for ',
indicates a strong specular ray, and the small value of 6 represents a large diffuse
component.

Figure 5 shows a segment of data some five minutes later in the flight which manifests
mostly random fluctuations. Here, the value for ' is smaller than before, while the
increase in diffuse power is manifested by a smaller value of 6.



Figure 6 shows a segment of data much later on in the flight, which when expanded
has a very strong periodic component. Again, simulations show that ' is quite large.
Note that the relative Doppler shift in this case is much higher than those of the
previous two comparisons, accounting for the more rapid periodic fading.

In each case, the frequency histogram confirms that the characteristics of the
simulated data match those of the measured data quite closely.

5 CONCLUSION

Given that the data rate on the test flight at Tyndall AFB was 10 Mbps, the numerical
results of the simulations allow for the simple calculation of the actual (denormalized)
parameters of the telemetry channel at Tyndall. These calculations show that

1. ', the relative strength of the specular ray ranged from 32% to 55% of the
strength of the direct ray

2. 6, the direct to diffuse power ratio ranged from 1 dB to 6 dB

3. F , the relative Doppler shift of the specular ray ranged from 8 kHz to 500 kHzD

4. B , the fading bandwidth ranged from 1.25 MHZ to 1.5 MHZ.D

Combined with the results of further tests, knowledge of these values will aid in
developing a scheme to combat the effects of the fading channel.
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Figure 4: Comparison of measured weighting signal for time 1:27-1:47 to simulated
weighting signal. Parameter values: ' = 0.55; 6 = 3.5 dB; F T = 0.0008; B T = 0.15.D D



Figure 5: Comparison of measured weighting signal for time 6:33-6:43 to simulated
weighting signal. Parameter values: ' = 0.32; 6 = 1 dB; F T = 0.0003; B T = 0.125.D D



Figure 6: Comparison of measured weighting signal for time 15:37-15:47 to simulated
weighting signal. Parameter values: ' = 0.46; 6 = 6 dB; F T = 0.05; B T = 0.125.D D


