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Gaussian Waveform

For a signal x governed by 
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it is necessary to find the output power when x is passed through a clipper that can be described by
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See Figure 1.
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Figure 1.  Clipper characteristic.

E{y} remains zero if E{x} is zero since the clipping characteristic is symmetric.  The variance of y, E{y2}, is (where the 2’s are due to symmetry)



[image: image4.wmf]4

4

3

4

4

2

1

4

4

3

4

4

2

1

B

C

A

C

dx

x

p

C

dx

x

p

x

y

E

ò

ò

¥

+

=

)

(

2

)

(

2

}

{

2

0

2

2

.
(3)

The integral A is, using integration by parts (letting 
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while the integral B is the familiar integral for the Q function but is expressed here in terms of the error function
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The variance of the clipper output y, divided by the variance of the input x, E{x2} = σ2, is a measure of the compression.  This is described by 
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where C/σ is representative of the power amplifier backoff amount.  For example, C/σ very large is representative of a large backoff, while C/σ ≈ 1 is representative of severe clipping.  Call C/σ = b for ‘backoff’.  Figure 2 shows a plot of 10 log10(Eq. (6)) versus 20 log10b.  The 1 dB compression point occurs for a backoff of b = 1.54062 (3.754 dB).  That is, C = 1.54062σ, and this clipping point means the waveform is being clipped with a 12.34% probability.
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Figure 2.  Plot of compression versus amplifier backoff for a hard clipper with Gaussian input.  One dB gain compression occurs for 3.75 dB backoff.

The variance of y can be plotted as a function of σ for C = 1:
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This is shown in Figure 3.
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Figure 3. Compression of output process vs. input variance for C = 1.

Sinusoidal Waveform

For the sinusoidal waveform, the fundamental component of the Fourier series was computed versus C/
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A, where A is the rms amplitude of the sinusoid:
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where f (θ) is the clipped cosine wave, which is, for 
[image: image14.wmf])

2

/

(

cos

1

A

C

c

-

=

q

,



[image: image15.wmf].

,

     

          

,

therwise

          

,

cos

2

,

       

          

,

)

(

p

q

q

p

q

p

q

p

q

q

q

q

q

£

£

-

+

-

£

£

-

-

=

=

£

£

-

=

c

c

c

c

C

o

A

C

f


(8)

Though formidable looking, the integrals are fairly simple to evaluate.  When a1 is divided by
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, this results in a measure of compression:
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This curve is plotted in Figure 4 versus backoff b = C/A.  The compression is now in 20 log10 since it is defined as the ratio of the distorted and undistorted sinusoid amplitudes as opposed to powers.  Since A is an rms value, the clipper doesn’t start distorting until the sine wave is backed off less than 3 dB (the peak to rms value for a sine wave).  The 1 dB gain compression occurs for a backoff of 1 dB, when it is 2 dB into clipping.
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Figure 4.  Plot of compression versus amplifier backoff for a hard clipper with sinusoidal input.

The rms value of a1 may also be plotted as a function of A.  Again, set C = 1.  Then
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Figure 5.  Fundamental rms amplitude a1/
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= a1,rms versus A for C = 1.
For 
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dB, the waveform experiences clipping and the fundamental component starts compressing.  When A = –1 dB, a1,rms is 1 dB compressed.
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Abstract


This analysis complements the numerical results presented in [1].  Analytic solutions are presented for the compression (reduction of linear gain) of Gaussian and sinusoidal inputs to a hard clipper that is linear below the clipping points.  The 1 dB compression for the Gaussian input occurs for a backoff of 3.754 dB, while for the sinusoid it occurs for a backoff of 1 dB, where backoff is defined as the ratio of the clipping level to the rms signal level.
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