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IFM EFFECTS ON PCM/FM TELEMETRY SYSTEMS

Gene Law and Don Whiteman
 IFM EFFECTS ON PCM/FM TELEMETRY SYSTEMS

ABSTRACT

Incidental Frequency Modulation (IFM) products in telemetry transmitters can be a
significant cause of bit errors in received Pulse Code Modulation/Frequency Modulation
(PCM/FM) telemetry data. Range Commanders Council (RCC) and other documents give
little or no guidance as to acceptable levels of IFM for telemetry applications. The
expected higher vibration levels of future high velocity missile systems means that IFM
levels are likely to be higher than previously encountered.

This paper presents measured data on Bit Error Rate (BER) versus IFM levels at given
Signal to Noise Ratios (SNR’s) for PCM/FM telemetry systems. The information
presented can be utilized with BER versus SNR plots in the Telemetry Applications
Handbook, RCC Document 119, to determine the additional link margin required to
minimize IFM effects on telemetry data quality.
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INTRODUCTION

The requirement for several new missile telemetry systems to operate in high vibration
environments leads to a need to define acceptable IFM levels for given BER performance
in order to determine realistic requirements for telemetry (TM) components affected by
IFM, for example transmitters. Such information may also be utilized to reduce the costs
associated with their procurement.

IFM components are generated in nonlinear devices utilized in TM transmission systems.
The energy in frequencies other than the desired TM signal causes distortion which affects
receiver and bit sync performance and results in increased BER.

High vibration levels can cause additional frequency components to be generated in some
electronic components increasing the energy in the IFM and further degrading the TM



system BER. The TM electronic components susceptibility to IFM increases during
vibration and is often dependent upon the components mounting and orientation relative to
the axis of highest vibration. Therefore, optimum design which considers component
placement, orientation and mounting for a specific TM system can reduce IFM effects.
However, TM systems with high vibration levels are likely to suffer in BER regardless of
best design practices.

Previous rule(s) of thumb indicated that a peak IFM level of 5% of the peak deviation
would yield acceptable BER’s. However, no measured data is available to support this
assertion or indicate the degradation of BER performance for given levels of IFM.

TEST RESULTS

Measurements were made in the TM lab at the Naval Air Warfare Center Weapons
Division, Pt. Mugu, using common TM hardware, for example receivers and bit
synchronizers. Measurements were taken with no IFM and at peak IFM levels of 5, 10 and
20% of peak deviation. The frequency of the IFM was set at 30, 300 and 3000 Hz and the
bit rate was 2.5 Mega-Bits Per Second (MBPS). The data presented is for a receiver
intermediate frequency (IF) bandwidth (BW) set to twice the bit rate, however, some
preliminary data was also taken at IF BW’s approximately equal to the bit rate. It is hoped
that more detailed data for other IF BW’s can be presented in the future.
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Figure 1:    IFM Test Setup

The test setup utilized is shown in Figure 1. The BER test set was used to generate data at
2.5 MBPS and determine the BER of the received data. The Low Pass Filter (LPF) was a
4 pole butterworth at a BW of 0.7 times the bit rate. The function generator sinewave
output, (at 30, 300 and 3000 Hz) was set at an amplitude required to generate IFM at a



level of 5, 10 and 20% of the peak deviation and was summed with the PCM data source.
The signal generator radio frequency (RF) output, (at S-Band) and the deviation from the
summed data source was set such that the PCM data’s peak deviation was 0.35 times the
bit rate.

Figures 2, 3 and 4 present the effect of various IFM frequencies at fixed peak IFM levels
of 5, 10 and 20%. The IFM frequency is set to 30, 300 and 3000 Hz and the BER with no
IFM is also plotted as a reference. The figures illustrate that lower frequency IFM has little
or no effect on BER performance. This agrees with previous observations that higher
frequency vibration will result in increased BER’s.
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Figure 2:   BER’s for IFM at 5% of Peak Deviation
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Figure 3:    BER’s for IFM at 10% of Peak Deviation
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Figure 4:    BER’s for IFM at 20% of Peak Deviation

Figures 5, 6 and 7 present the effect of varying IFM peak levels for fixed IFM
frequencies. The IFM peak levels are set to 0, 5, 10 and 20% of the PCM data’s peak
deviation. The data shows that for lower frequency IFM, even IFM amplitudes of 20% of
peak deviation have little or no effect on the BER.
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Figure 5:    IFM Frequency Component at 30 Hz

1.00E-05

1.00E-04

1.00E-03

1.00E-02

8.30 9.00 10.10 10.95

SNR

No IFM

5%

10%

20%

Figure 6:    IFM Frequency Component at 300 Hz
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Figure 7:    IFM Frequency Component at 3000 Hz

The data illustrates that, with the receiver IF bandwidth set to twice the bit rate, IFM will
have only a marginal effect on the BER. However, high frequency IFM components at
high peak levels will have a substantial effect on the BER.

The data also illustrates that for a given system which has high IFM levels due to high
vibration the BER could be reduced to that without IFM by increasing the SNR by a given
amount. For example, in Figure 7, the BER with IFM at 20% and a frequency of IFM at
3000 Hz would be equal to that without IFM if the SNR is increased by approximately 1.5
dB.

The data previously presented is for a receiver IF BW of twice the bit rate. If the receiver
IF BW is decreased to a value equal to the bit rate the IFM will have a greater effect on the
BER due to effects of the receiver’s filter which are not apparent when the IF BW is much
greater than the bit rate.

Preliminary data was taken at an IF BW approximately equal to the bit rate for a fixed
SNR, (see Figure 8). The IFM frequency for these tests was set to 25, 250, and 2500 Hz
and the bit rate was 2.5 MBPS. The data indicates that a substantial increase in BER only
occurs for high frequency IFM with peak levels greater than 10% of the peak deviation.



1.00E-06

1.00E-05

1.00E-04

0% 5% 10% 15% 20% 25%

Peak IFM

25Hz

250Hz

2500Hz

Figure 8:    IF Filter Bandwidth at 96% of Bit Rate

Data was also taken with an IF BW at 120% of the bit rate and a fixed SNR, (see Figure
9). The IFM frequency for these tests was set to 20, 200, and 2000 Hz and the bit rate
was 2.0 MBPS. The data again appears to indicate that a substantial increase in BER only
occurs for high frequency IFM with peak levels greater than 10% of the peak deviation.
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Figure 9:    IF Filter Bandwidth at 120% of Bit Rate



CONCLUSION

The data presented supports the previous rule(s) of thumb that IFM at a peak deviation of
5% of the bit rate will have a minimal effect on TM system BER. The data demonstrates
that in many cases much higher levels of IFM are allowable if the frequency of the IFM is
low and the receiver’s IF filter is wide enough. The major consideration in accessing BER
performance in a high IFM environment is the frequency of the IFM component. It is
apparent from the data that high frequency IFM is most detrimental to a system’s BER
performance.

In the end, it is up to the system designer to evaluate expected IFM frequency
components, and vibration levels and determine an acceptable value of peak IFM.
Hopefully, a future paper will be presented which evaluates additional IF BW’s and also
looks at the performance of various bit synchronizers in a high IFM environment. This
information would be helpful in giving additional guidance to system designers.
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