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ABSTRACT
This paper will demonstrate a computer application program to predict the spectral shape
and IRIG-RF bandwidth required for a PCM/FM telemetry system.
A filtered PCM bit stream is constructed from a Fourier series and used to FM-modulate
the RF carrier. The Fourier transform of the FM-wave is calculated numerically, and
voltage amplitude levels are plotted on a Tektronix graphic display. Several PCM bit
patterns are used and a composite display is formed to approximate an actual PCM/FM
spectrum. A comparison of predicted and actual spectra will be presented.
INTRODUCTION
All types of RF transmissions at Government-operated test ranges must adhere to IRIG
(Inter-Range Instrumentation Guideline) requirements. Bandwidth requests made to the
test range should be as accurate as possible. Overstating the requirements may cause
longer delays in order to clear the larger-than-needed bandwidth. On the other hand, if the
requested bandwidth is exceeded there is the possibility that the test may be constrained or
cancelled by the range.
The program used in this paper follows a digital modulating waveform (PCM) through the
RF modulation (FM) to predict the RF signal spectra. Since a PCM source will generate
varying bit patterns, several bit patterns are used and the results averaged to produce a
composite PCM/FM RF spectrum.
METHOD
The following steps are performed in predicting a PCM/FM signal spectrum:
1.

The maximum PCM bit rate will be used to define a 1010 PCM bit pattern. A Fourier
series is used to define a periodic modulating waveform:

With pulse width = J and pulse period = T.
Each harmonic is filtered as the waveform is calculated, thereby producing a filtered
time-domain waveform.
A Gaussian premodulation filer is used with filter gain
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The filtered time waveform is used to FM modulate the RF carrier:

where e0(t)

1.

= FM modulated signal
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= Carrier deviation
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= Filtered PCM signal

The Fourier integral is calculated at integer multiples of the PCM modulating
frequency, giving sideband amplitudes around the RF carrier.
The Fourier integral is:

Sideband amplitudes are

2.

The line spectrum is plotted for the resultant FM modulated carrier.

3.

Alternate PCM bit patterns are selected, and steps 1 through 4 are performed.
Frequencies within a 3-KHz band are averaged, and a composite spectrum is plotted.
The IRIG bandwidth requirement is calculated for the composite.
IRIG states the bandwidth at (55.0 + 10*log10 Pt) dB below the unmodulated carrier
must be within amount requested (where Pt = transmitted power).
Eight different PCM patterns are used:
J = PCM bit duration (sec)
T = Pattern period (sec)
a.

10101010 - square wave - J/T = 1/2, f1 = 1/2J

b.

11001100 - J/T = 1/2, f1 = 1/4J

c.

111000111000 - J/T = 1/2, f1 = 1/6J

d.

111100001111 - J/T = 1/2, f1 = 1/8J

e.

1111100000 - J/T = 1/2, f1 = 1/10J

f.

111111000000 - J/T = 1/2, f1 = 1/12J

g.

111111001111 - J/T = 6/8, f1 = 1/8J

h.

100000001000 - J/T = 1/8, f1 = 1/8J

With case a of highest frequency, and case f of lowest frequency.
TEST CASE
A recent vehicle telemetry system used a bipolar PCM unit at 670.255 kbps FM
modulating the RF carrier of 2.2315 GHz with 234-KHz deviation/volt. A Gaussian

premodulation filter with cutoff (3 dB down) at 670.255 KHz was used. The average
transmitted power was 2 watts.
Figure 1 shows the first PCM bit pattern used (1010) and its result. Figure 2 shows the
composite spectrum after all the bit patterns described earlier are used. Figure 3 was taken
from a spectrum analyzer display during a field measurement of the RF bandwidth.

Figure 1. Spectral Prediction for Maximum Bit Rate
The telemetry system was configured such that the modulation could not be turned off
during bandwidth testing, and therefore the relation between the modulated and
unmodulated carrier could not be experimentally performed. By approximating the filtered
PCM patterns with a sine wave and averaging the corresponding J0 Bessel function terms,
the modulated carrier is found to be .10 dB down from the unmodulated carrier. The
predicted value of -12.19 dB is found in Table I corresponding to the carrier frequency of
2.2315 GHz.

Figure 2. Spectral Prediction for PCM Composite

Figure 3. Spectrum Analyzer Display

Table I. PCM Composite Values (Page 1 of 2)
Composite of PCM patterns
Carrier frequency = 0.2231500E+10
Carrier deviation = 0.2340000E+06
Filter cutoff frequency = 0.6702550E+06
Transmitted power (watts) = 2.00
PCM bit rate = 670255 bits/second
Display composed of average of amplitudes

Table I. PCM Composite Values (Page 2 of 2)

Using the value of the modulated carrier to be -10 dB from the unmodulated carrier, the
bandwidth from Figure 3 is found to be approximately 3 MHz. This compares favorably to
the predicted value of 3.012 MHz.
In comparing the predicted versus actual spectral shapes, a couple of points should be
mentioned:
1.

The sample time of the spectrum analyzer was 1.5 sec, allowing a large number of
modulated PCM pulses to build the display; the predicted spectrum used the eight
cases mentioned earlier and applied equal weight to each case to determine the
average.

2.

The effects of the spectrum analyzer, including averaging, sampling methods, and
display characteristics were not considered.

CONCLUSION
A tool for the prediction of PCM/FM IRIG RF-bandwidth and RF spectral shape has been
demonstrated to be closely matched to the actual RF spectrum. Although this paper has
limited itself to PCM/FM, the program method and coding are applicable to many forms of
communications types. A copy of the FORTRAN source code can be obtained through the
author.

