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 FM, PM and NPR Calculations
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ABSTRACT

System performance can be ascertained via a number of parameters; one of which is
Signal-to-Noise ratio (SNR). SNR is the ratio of the value of the signal to the value of
the noise. It is generally expressed in decibels and usually a function of the system
bandwidth. Another measure of performance is the Noise-Power ratio (NPR). NPR is
the ratio of the noise level within a specific measurement channel when noise is
applied to all channels, to the level that is measured within the specific channel with
noise applied to all of the channels but not the specific channel.
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INTRODUCTION

The following example calculations demonstrate methods for the calculation of the
Signal-to-Noise ratio (SNR) in FM and PM systems. A method for the calculation of
the Noise-Power ratio (NPR) due to thermal noise is also presented. It is assumed the
systems described in the following calculations employ output filtering. The specified
output filter bandwidth is then the system noise bandwidth.

SIGNAL-TO-NOISE RATIO

CC Example 1

The Signal-to-Noise ratio of an FM modulated system will be determined. The
receiving system has the following known characteristics:

Receiver IF bandwidth BW = 30 kHz
Maximum output frequency f = 4 kHzmax



Peak frequency deviation f  (peak) = 7 kHzd

RMS frequency deviation f  (rms) = 4.95 kHzd

Carrier-to-Noise ratio CNR = 42 dBdB

Given the system characteristics, the noise density is easily obtained:

The system Signal-to-Noise ratio is determined by evaluating the equation (notice
M(f) is a constant):

(eqn 1)

CC Example 2

Equation 1 may be simplified when the minimum output frequency is much smaller (a
factor of 10  or less) than the maximum output frequency. In this example, the-3

minimum frequency for the system described in Example 1 is assumed to be
approximately 0 Hz in order for the simplified equation to be valid. The system
Signal-to-Noise ratio can be determined by evaluating:



(eqn 2)

where ) / the peak frequency deviation divided by the maximum output frequency.

Given the system characteristics of Example 1 and using equation 2, the
Signal-to-Noise ratio is:

CC Example 3

Equation 2 is only valid when the minimum output frequency is much, much less than
the maximum output frequency, as was stated in Example 2. When Equation 2 is
cannot be applied, then Equation 1 must be used. To illustrate, given the following
system characteristics:

Receiver IF bandwidth BW = 10 MHz
Maximum output frequency f = 1050 kHzmax

Minimum output frequency f = 950 kHzmin

RMS frequency deviation f  (rms) = 25 kHzd

Carrier-to-Noise ratio CNR = 50 dBdB

The noise density for the system is:

Since all values necessary to compute the system Signal-to-Noise ratio have been
obtained, the calculation is simply:



(from eqn 1)

As the reader may now observe, Equations 1 and 2 allow the calculation of the
Signal-to-Noise ratio in receiving systems for FM modulated signals. For PM
modulated signals, the equation used is similar to Equation 2:

(eqn 3)

where 2  / the peak modulation in radians.d

CC Example 4

To demonstrate, suppose the receiving system has the following characteristics:

Receiver IF bandwidth BW = 2 MHz
Maximum output frequency f = 0.5 MHzmax

Peak phase modulation 2 = 1.5 radiansd

Carrier-to-Noise ratio CNR = 25 dBdB

Given the system characteristics and using equation 3, the Signal-to-Noise ratio is:



NOISE-POWER RATIO

One more application remains for an expression similar to Equation 2, used to
calculate the Noise-Power ratio in an FM receiving system:

(eqn 4)

where ' / the RMS frequency deviation divided by the channel center
frequency.

CC Example 5

Consider a receiving system with the following characteristics:

Receiver IF bandwidth BW = 50 kHz
Maximum output frequency f = 15 kHzmax

Channel center frequency f = 13.5 kHzmin

RMS frequency deviation f (rms) = 2.5 kHzd

Carrier-to-Noise ratio CNR = 52.2 dB

The channel Noise-Power ratio is found by evaluating Equation 4:

CONCLUSION

In the first three Examples, fundamental equations for calculating the Signal-to-Noise
ratio in FM receiving systems were presented. The condition necessary for the use of
the simplified equation shown in Example 2 was explained.

An equation related to those used in FM receiving systems was shown in Example 4.
The equation is used in calculating the Signal-to-Noise ratio in PM receiving systems.

Example 5 demonstrates a method for the computation of the Noise-Power ratio of a
receiver channel in an FM receiving system.



The equations presented in this paper have been tested against measurements
performed on actual receiving systems, and have been found to provide values within
practical measurement accuracy.

Further study on the effects of phase noise, with particular regard to local oscillators,
and the limitations it imposes on the Signal-to-Noise ratio and Noise-Power ratio in a
receiving system is in order.
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