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(57) ABSTRACT

Methods and apparatus to implement LFSRs and LFSR
based sequence generators, detectors, scramblers and
descramblers by addressable memory are disclosed. The
methods and apparatus may be processing binary or n-val-
ued symbols, with n>2. Methods to uniquely characterize
n-valued Gold sequence are also disclosed. Self-synchro-
nizing methods to detect sequences which can be decom-
posed into unique words are also disclosed. Methods and
apparatus to implement Fibonacci and Galois LFSRs are
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GENERATION AND SELF-SYNCHRONIZING
DETECTION OF SEQUENCES USING
ADDRESSABLE MEMORIES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application Ser. No. 60/720,655, filed Sep. 26,
2005, which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to binary and non-
binary methods and apparatus for sequence generation,
scrambling, and detection such as descrambling and
sequence detection. More specifically it relates to methods
and apparatus not using LFSRs with a shift register.

[0003] LFSR based methods for generating and scram-
bling binary sequences are widely used in applications such
as telecommunications. LFSR based methods can also be
used for generating and scrambling non-binary sequences.
Sometimes the use of LFSR circuitry is not desirable or
possible. Power consumption of high clock rate LFSRs, due
to the shift-and-hold aspects of the shift register, is a known
concern. In that and other cases equivalent or improved
methods and apparatus that provide the same results as
LFSRs are required.

SUMMARY OF THE INVENTION

[0004] 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.

[0005] 1t is one aspect of the present invention is to
provide addressable memory based methods and apparatus
to implement LFSRs.

[0006] 1t is another aspect of the present invention to
provide addressable memory based methods and apparatus
to detect binary and non-binary pseudo-noise sequences.

[0007] Tt is a further aspect of the present invention to
provide addressable memory based methods and apparatus
for implementing LFSR based scramblers.

[0008] It is another aspect of the present invention to
provide addressable memory based methods and apparatus
for implementing self synchronizing LFSR based descram-
blers.

[0009] Tt is a further aspect of the present invention to
provide addressable memory based methods and apparatus
for detecting binary and non-binary Gold sequences.

[0010] Tt is another aspect of the present invention to
provide addressable memory based methods and apparatus
for self synchronizing detection of binary and non-binary
Gold sequences.
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[0011] It is a further aspect of the present invention to
provide addressable memory based methods and apparatus
to implement Galois LFSRs.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Various other objects, features and attendant
advantages of the present invention will become fully appre-
ciated as the same becomes better understood when consid-
ered in conjunction with the accompanying drawings, and
wherein:

[0013] FIG. 1 is a diagram of an LFSR.
[0014] FIG. 2 is another diagram of an LFSR.

[0015] FIG. 3 is a diagram of an LFSR based sequence
generator.

[0016] FIG. 4 is another diagram of an LFSR based
sequence generator.

[0017] FIG. 5 is a diagram of an LFSR based scrambler.
[0018] FIG. 6 is a diagram of another LFSR based scram-
bler.

[0019] FIG. 7 is a diagram of an LFSR based descrambler.
[0020] FIG. 8 is a diagram of another LFSR based
descrambler.

[0021] FIG. 9 is a diagram of an LFSR based sequence
generator.

[0022] FIG. 10 is another diagram of an LFSR based
sequence generator.

[0023] FIG. 11 is another diagram of an LFSR based
sequence generator.

[0024] FIG. 12 is a diagram of an addressable memory
based sequence generator.

[0025] FIG. 13 is a diagram of an LFSR based sequence
generator.

[0026] FIG. 14 is a diagram of an addressable memory
based sequence generator.

[0027] FIG. 15 is another diagram of an addressable
memory based sequence generator.

[0028] FIG. 16 is another diagram of an addressable
memory based sequence generator.

[0029] FIG. 17 is a diagram of an LFSR based scrambler.

[0030] FIG. 18 is a diagram of an addressable memory
based scrambler.

[0031] FIG. 19 is a diagram of an LFSR based descram-
bler.

[0032] FIG. 20 is a diagram of an addressable memory
based descrambler.

[0033] FIG. 21 is a diagram of an LFSR based scrambler.

[0034] FIG. 22 is a diagram of an addressable memory
based scrambler.

[0035] FIG. 23 is a diagram of an addressable memory
based scrambler.

[0036] FIG. 24 is a diagram of an LFSR based descram-
bler.
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[0037] FIG. 25 is a diagram of an LFSR based sequence
generator.

[0038] FIG. 26 is a diagram of an LFSR based sequence
detector.

[0039] FIG. 27 is a diagram of an addressable memory
based sequence detector.

[0040] FIG. 28 is an auto-correlation graph of a Gold
sequence.

[0041] FIG. 29 is a diagram of an addressable memory
based Gold sequence detector.

[0042] FIG. 30 is a flow diagram for filling an addressable
memory of a Gold sequence detector.

[0043] FIG. 31 is a flow diagram for an addressable
memory Gold sequence detector.

[0044] FIG. 32 is a diagram of an addressable memory
based Gold sequence detector.

[0045] FIG. 33 is a diagram for initializing a memory from
an LFSR.

[0046] FIG. 34 is a diagram of an addressable memory
based LFSR with an LFSR logic unit.

[0047] FIG. 35 is a diagram of an LFSR logic unit.

[0048] FIG. 36 is a diagram of a Galois LFSR based
sequence generator.

[0049] FIG. 37 is a diagram of a Galois LFSR.

[0050] FIG. 38 is a diagram of a memory based Galois
LFSR.

DETAILED DESCRIPTION OF THE
INVENTION

[0051] The inventor has described the rules for creating
n-valued LFSR based sequence generators, LFSR based
n-valued scramblers and corresponding descramblers in
U.S. Non-Provisional patent application Ser. No. 10/935,
960, filed on Sep. 8, 2004, entitled TERNARY AND
MULTI-VALUE DIGITAL SCRAMBLERS, DESCRAM-
BLERS AND SEQUENCE GENERATORS, which is incor-
porated herein by reference in its entirety. LFSR stands for
Linear Feedback Shift Register. For the purpose of the
present invention a LFSR will be defined. In some cases an
LFSR circuit, be it a scrambler or sequence generator will be
indicated as an LFSR or an LFSR circuit. In the present
invention an LFSR circuit is a circuit (or its corresponding
method) having an LFSR. An n-valued LFSR is a shift
register of k elements, each element being able to hold an
n-valued symbol. Each element has an input and an output.
At the occurrence of a clock signal an element of a shift
register will assume the value of a symbol provided on its
input. The present invention is focused on LFSRs in
Fibonacci and Galois configurations. In the Fibonacci con-
figuration the input of the shift register is the input of its first
element. An LFSR in the current definition also has feedback
taps; the output of the last element of a shift register always
has a tap. There is also always one feedback tap on one of
the outputs of the other elements of the shift register. Further
more an LFSR has at least one and at most (k-1) reversible
n-valued logic functions or devices implementing such
functions, each function or device having two inputs and one
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output. One input of a function or a device implementing a
function is always connected to an output of an element or
to an output of a function. If an LFSR has only one n-valued
logic function or device implementing an n-valued logic
function, then the output of that function or device is the
output of the LFSR. Each input of a function is uniquely
connected to an output, no other input of a logic function or
device implementing a logic function is connected to that
output. It is of course true that an output of an element of a
shift register may be connected to an input of a next element
and may also be connected to an input of a logic function.
However that output is never shared by two or more different
inputs of logic functions. When the LFSR has more than one
n-valued logic function, then the output of the last n-valued
logic function is the output of the LFSR; or in other words
the output of the function with one of its inputs connected to
the output of an element closest to the input of the shift
register is the output of the LFSR.

[0052] The literature may provide a variety of definitions
of'an LFSR. For instance an LFSR may be described as what
would be called in the present invention a sequence genera-
tor. For instance a document published by Texas Instruments
in December 1996, number SCTAO36A entitled: “What’s an
LFSR” describes a sequence generator as an LFSR. How-
ever for the purpose of describing the present invention, the
definition here provided will be used. The definition is
illustrated in FIG. 1. The diagram of the LFSR 100 shows an
input 101, which is the input to the first storage element 103
of a shift register, also being the input to the shift register and
herewith being defined as the input to the LFSR. The storage
element 105 is the k™ storage element of he shift register. A
tap 104 is shown connecting the output of 103 with an input
of an n-valued logic function or device 107. The LFSR
always has a tap 106 on its last element of the shift register.
This tap is always connected to one input of a first device or
n-valued logic function 108. N-valued logic function 107 is
the last function in the LFSR and its output 102 is the output
of the LFSR. It is possible that the LFSR has only one
function. However the LFSR always has at least one func-
tion or device. In a further definition of an LFSR the logic
devices such as 108 and 107 can be considered to be an
n-valued “logic unit” of the LFSR, with the taps (such as 104
and 106) as its inputs and 102 (or the output of the LFSR)
as its output. The n-valued LFSR logic unit is identified and
defined according to 109 in the diagram of FIG. 1. The
n-valued LFSR logic unit has at most k inputs when k is the
number of shift register elements; it comprises at most d
n-valued logic functions or devices that implement such
functions, with d=k-1; and the n-valued LFSR logic unit
has an output (102) also being the output of the LFSR.

[0053] The LFSR 100 can be illustrated as in the simpli-
fied diagram of FIG. 2 just showing the LFSR 100 with input
101 and output 102. As before, the presence of a clock signal
is assumed. It should be clear that the LFSR as shown here
is merely a building block. To have the LFSR perform a
function additional connections have to be provided.

[0054] FIG. 3 is a diagram of an LFSR adapted to be an
n-valued sequence generator, by connecting the output of the
LFSR to the input of the LFSR. A generated sequence will
be provided on output 102. A simplified diagram of the
LFSR based sequence generator is shown in FIG. 4.

[0055] FIG. 5 is a diagram of an LFSR based scrambler.
The scrambler is formed by adding a reversible n-valued













































