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(7) ABSTRACT

Reversible and self reversing multi-value scrambling func-
tions created by applying multi-value inverters are dis-
closed. The generation of possible multi-value inverters is
also presented. Corresponding multi-value descrambling
functions are also disclosed. The multi-value functions are
used in circuits that scramble and descramble multi-value
signals. The multi-value functions can also be used in signal
generators. Such signal generators do not require the use of
multipliers. The auto-correlation of the signals generated by
the signal generators is also presented. Electronic circuits

25, 2004. that implement the multi-value functions are also described.
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TERNARY AND MULTI-VALUE DIGITAL SIGNAL
SCRAMBLERS, DESCRAMBLERS AND
SEQUENCE GENERATORS

STATEMENT OF RELATED CASES

[0001] This non-provisional patent application claims the
benefit of U.S. provisional patent application Ser. No.
60/547,683 filed on Feb. 25, 2004.

BACKGROUND OF THE INVENTION

[0002] This invention relates to the scrambling of multi-
value digital (non-binary) signals and the generation of
multi-value (non-binary) digital signals consisting of
sequences of multi-value (non-binary) digital elements such
as n-value pseudo-noise sequences. Multi-value signals, also
referred to as x-value signals, can assume one of x states,
wherein x is greater than or equal to three.

[0003] TIts potential application is in telecommunication
systems, control systems and other applications. Specific
examples of utility where the invention can be used includes
spread-spectrum technologies, signal scrambling, CDMA,
line-coding and scrambling application in video and other
signal distribution.

[0004] Digital scramblers are used to change the appear-
ance of a digital signal in such a way that during transmis-
sion the signal is different from the original signal. The
original signal can be recovered from the scrambled signal
at the receiving end by a descrambler. Most commonly in
today’s telecommunications, the scramblers relate to binary
signals.

[0005] Scrambling of a binary signal can be achieved by
combining the binary signal to be scrambled with a second
known binary signal through a digital circuit that has the
characteristics of a reversible function. The inventor has
recognized that the reversible function has the property that
its two inputs generate an output. When applying this output
as the input to another, but similar, circuit with as the other
input a signal similar to the known input of the first digital
circuit, the output of the second circuit is identical to the to
be scrambled data signal input of the first circuit. This other
circuit is a descrambler.

[0006] There are two known binary functions that can
perform this reversible function: the Exclusive Or (XOR)
and the Equal function. The XOR function is also known as
the modulo-2 adding function.

[0007] Telecommunication markets such as wireless com-
munications and internet communications demonstrate an
ongoing increase in demand for higher information trans-
mission rates. This demand in increased information trans-
mission rates in wireless communications is addressed by
increasing bandwidth of communication channels, by com-
pression of the information and by moving into much higher
radio spectra (such as Ultra Wide Band in the 5 GHz area).
Eventually, new technology has to be applied to obtain better
performance from existing bandwidth, starting with highly
congested spectrum areas. Current transmission technology
predominantly uses digital binary signals. One possible
technology to provide better bandwidth usage is the appli-
cation of multi-value digital signals. Scrambling, descram-
bling and signal sequence generation is an important ele-
ment of signal processing technology, especially in wireless
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communications. However, currently very little technology
exists in prior art that can perform multi-value digital
scrambling, descrambling and sequence generation. Most of
prior art in scrambling, descrambling and sequence genera-
tion only performs binary functions, as previously discussed.

[0008] Consequently, new and improved methods and
apparatus to perform scrambling, descrambling and
sequence generation on non-binary, multi-value digital sig-
nals are required.

[0009] The existence of multi-value reversible logic func-
tions has been previously mentioned. However, no mention
has been found of multi-value reversible logic in scram-
bling/descrambling applications, nor in the generation of
multi-value signal sequences.

SUMMARY OF THE INVENTION

[0010] Inview of the more limited possibilities of the prior
art in binary and multi-value scrambling (or reversible) logic
functions, the current invention offers an easier design as
well as a greater variety in multi-value scramblers and in
LFSR based sequence generators. It also provides improved
performance.

[0011] The general purpose of the present invention,
which will be described subsequently in greater detail, is to
provide new scrambler/descrambler systems and LFSR
based generators of multi-value signal sequences. It also
provides a new electronic circuit and gates to process
multi-value signals, and provides sequence generators with
reduced component and count.

[0012] Before explaining at least one embodiment of the
invention in detail it is to be understood that the invention is
not limited in its application to the details of construction
and to the arrangements of the components set forth in the
following description or illustrated in the drawings. The
invention is capable of other embodiments and of being
practiced and carried out in various ways. Also, it is to be
understood that the phraseology and terminology employed
herein are for the purpose of the description and should not
be regarded as limiting.

[0013] Multi-value and n-value in the context of this
application mean a number n, with n being a positive integer
greater than two.

[0014] A primary object of the present invention is to
provide new multi-value scrambler/descrambler systems
that will overcome the shortcomings of the prior art devices.

[0015] An object of the present invention is to provide a
maximum set of multi-value digital, single function, scram-
bling/descrambling devices.

[0016] Another object is to provide new LFSR based
multi-value digital scramblers and self synchronizing LFSR
based descrambler devices.

[0017] Another object is to provide a method for applying
multi-value logic scrambling/descrambling functions in a
LFSR architecture to generate multi-value digital signal
sequences.

[0018] Another object of the invention is to provide
n-Value LFSR based scramblers/descramblers as n-value











































































