
ESA PN Generator  h(X) = X15 + X14 + 1 

Figure 7. Possible implementation (Figure taken from “Draft 
ETSI EN 302 307 V1.3.1 (2012-11)”, European 
Telecommunications Standards Institute (ETSI), Sophia Antipolis
Cedex, 2012.)  

Although we prefer to label the PN generator as shown
below, we have used to labeling as in the ESA
paper to avoid possible confusion with their results.  

X7 X6 X5

+ + +

X4
X8 X0X3 X2 X1

Initialization not shown.
The taps here are at cells 8, 7, 5, 3, and 0
Which lead to a polynomial of 
X8 + x7 + x5 + x3 + x0 =  X8 + x7 + x5 + x3 + 1   
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Autocorrelation of PN 15 (32 K length) across 16 K bit CADU  

Figure 8. Sum coefficient of determination as a function 
of CADU length  (ESA recommendation).

Initialization seed does not change pattern but does change
the phase of the pattern.  When using the all 1s seed, the 
pattern starts with the longest run of 1s.  We see that with
that seed, the performance of the ESA PN 15 is poor for short 
CADUs.  ESA showed that using the same PN 15 pattern 
with a different seed, the performance with short CADUs is 
much better.  Since the pattern is still the same, performance 
with longer CADUs remains essentially the same (good).  

PN 15 with 111111111111111 initialization

PN 15 with 100101010000000 initialization

PN 17 with 111111111111111 initialization

Coefficient of Determination as a Function of Initialization:
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Autocorrelation of PN 15 across 16 K bit CADU  

Figure 9. Sum coefficient of determination as a function 
of CADU length.

Comparison of several patterns with CADUs from 255 bit
To 16383 bits in length.  

A long pattern can have poor performance with
short CADUs as in the case of the   1 + x19 + x21 pattern.  
But that same pattern taken in the opposite direction can 
have much better performance,   the 1 + x2 + x21 pattern.

Coefficient of Determination:

1 + x19 + x21

1 + x2 + x211 + x3 + x20

1 + x3 + x17
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Autocorrelation of PN 17, 22, and 23 across 16 K bit CADU  

Figure 10. Sum coefficient of determination as a function 
of CADU length.

Similar results as previous slide with different patterns.

A long pattern can have poor performance with
short CADUs as in the case of the   1 + x21 + x22 pattern.  
But that same pattern taken in the opposite direction can 
have much better performance,   the 1 + x1 + x22 pattern.

Coefficient of Determination:

1 + x21 + x22

1 + x1 + x22

1 + x5 + x23 and  1 + x3 + x12 have 
almost identical performance
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Autocorrelation of PN 15 and 17 across 16 K bit CADU  

Figure 11. Four finalists not requiring special initialization.

Coefficient of Determination for CADU of length 16 K bits 
with 4 reasonably good PN patterns.  
Expanded Y axis to show performance with short CADUs. 
Both PN 15s are better than the PN 17s when examined 
up to only a length of 16 K bits since that covers half of 
the PN 15 pattern.  For even longer CADUs, the 
performance of the PN 17s will first match then exceed 
that of the PN 15s.  
Beyond the length of the PN, performance will degrade as
seen for the PN 10 case in slide 14.

1 + X4 + X15

1 + X7 + X15

1 + X6 + X17

1 + X3 + X17

Coefficient of Determination:
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Autocorrelation of PN 17 across 16 K bit CADU  

Figure 12. Autocorrelation of selected PN17 MLS: 1+x3+x17

across CADU length of 214 points.

Proposed selection for new CCSDS telemetry randomizer:
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Generator for proposed PN 17 pattern

Figure 13. Recommended MLS (1+x3+x17) for randomization 
along with suggested initialization.

PN 17 with tap closest to the input out performs the 
same PN 17 in the reverse direction.  
When starting with an all 1s initialization, having the 
tap closest to the input causes the pattern to get random 
sooner.   This may be a factor in the improved performance
with short CADUs.

Same pattern but In opposite direction
…10000000000000011111111111111111
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Proposed selection for new CCSDS telemetry randomizer:
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