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ABSTRACT: An encoder/decoder system is disclosed,
designed to generate a binary code which is a function of the

" outputs of a plurality of bistable elements. The generated code

is assumed to be transmitted to and received by a receiving
unit, where a replica code is generated. To generate the
replica code in phase with the received code, the outputs of
each of a plurality of bistable elements are correlated during a
different decision-making period with the received code. At
the end of the period, based on the correlation results, a deci-
sion is reached which output of the element is 1o be used.
After all the decision-making periods, the chosen outputs of
all the elements, when supplied to a majority circuit, produce

a replica code, in phase with the received code.
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ENCODER/DECODER SYSTEM FOR A RAPIDLY
SYNCHRONIZABLE BINARY CODE

ORIGIN OF INVENTION

The invention described hercin was made in the per-
formance of work under a NASA contract and is subject to the
provisions of Section 305 of the National Acronautics and
Space Actof 1958, Public Law 85-568 (72 Stat. 435; 42 USC
2457).

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention generally relates to coding circuitry and,
more particularly, to a system consisting of an encoder for
generating a binary code of a type which is rapidly
synchronizable with a replica code, generated by a decoder
which forms part of the invention.

2. Description of the Prior Art

In interplanetary ranging, range is measured in terms of
transmission delay time. For an unambiguous measurement,
the length of a code, used to determine transmission delay
time, must exceed the transmission time. For interplanetary
distances and high resolution, these ranging codes become ex-
ceedingly long, requiring a large number of correlations to
acquire sync.

Briefly, in the prior art, maximum length shift register
codes, often referred to as PN codes, are commonly used as
ranging codes either individually or in combination. The de-
tection of the delay between a transmitted and a received code
requires that the code be received coherently. A local replica
of the transmitter coder is synchronized with and phase-
locked to the received code in a phase-lock loop. To acquire
the received code, the locally generated code is correlated
with the received code and the former is adjusted in phase
until it is in sync with the received code. The number of phase
adjustments which is required is generally related to the phase
increments or bits in the code cycle; i.e., the code length.

The duration of each correlation or phase adjustment is de-
pendent on the time constant of the correlator, which, in turn,
depends on the noise environment. Since in interplanetary
ranging the codes are very long and with increased noise the
duration of each correlation is also quite long, the total time
effort to acquire sync, representing the product of the number
of correlations and the duration per correlation, is often
longer than desirable or tolerable. Thus, a need exists for a
system with which synchronization of a relatively long code
can be acquired in less lime; i.e., with a smaller total effort
than herebefore realizable.

OBJECTS AND SUMMARY OF THE INVENTION

A primary object of the present invention is to provide a
novel system for minimizing the total effort required to
synchronize a maximal length code.

Another object of the invention is the provision of a system
for generating a relatively long muhibit binary code, and rela-
tively simple means for producing a replica of the generated
code in a minimum number of correlations.

A further object of the present invention is to provide a
code generating and decoding system which is less complex
than prior art systems and which is capable of providing sync
with a smaller total effort.

Still a further object of the present invention is to provide a
code genmerating and decoding system which is of simple
design, employing state of the art circuits, but one which pro-
vides synchronization of long codes more efficiently and faster
than any known prior art system.

These and other objects of the invention are achieved by
providing an encoder to generate a binary comgposite code of
bit length N, which is the majority lunction of the outputs of a
string of n interconnected bistabic clements, such as flip-flops,
where N=2". The majority function is produced by a majority
circult. In the string of flip-flops, the output of each is a square
wave of a period which is a multiple of two of the output
square wave period of a succeeding flip-flop.
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The N bit composite code is assumed to be wansmitted to
and received ky a receiver which supplies it to a decoder
which forms a major part of the invention. The decoder in-
cluden n flip-flops, cach associated with a switching network
or device. Each flip-flop has a first output and 2 complementa-
ry second output. The decoder also includes a correlator unit
and a timing and control unit, the latter defining n decision-
making periods, cach of which ig divided into first and second
sampling intervals.

During each decision-making period the firs d second
outputs of a different flip-flop are supplied during the first and
second intervals, respectively 10 a correlator, to which the
received composite code is also input. The correlation results
during the two intervals are compared, and at the end of the
decision-making period a decision is made which one of the
flip-flop's two outputs is to be used. The chosen ouip used
to drive a succeeding flip-flop and/or is supplied to a majority
circuit. The latter, combines the outputs to produce 2 replica
code.

After only n decision-making periods, the outputs of all the
n flip-flops are chosen and supplied to the majority circui
which produces a replica code of the received composite code
in phase, i.e., in sync therewith. The total effort when employ-
ing the encoder/decoder system of the present invention is
decidedly less than the effort when employing prior art
devices or techniques, and especially so, for longer codes and
noisier conditions.

The novel features of the invention are set forth 1 par-
ticularity in the appended claims. The invention will best be
understood from the following description when read in con-
junction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a simple block and schematic diagram of an exem-
plary embodiment of an encoder for generating a composite
binary code;

FIGS. 2 and 3 are a multiline waveform diagram and a truth
table, respectively, useful in explaining the embodiment
shown in FIG. 1;

FIG. 4 is a block and schematic diagram of a decoder em-
bodiment;

FIG. 5 is a multiline waveform diagram, useful in explaining
the embodiment shown in FIG. 4; and

FIG. 6 is a more detailed diagram of the embodiment of
FIG. 4.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Adttention is now directed to FIG. 1 wherein sn encoder or
code generator is shown including a string of flip-flops. For a
composite code of length N where N=2", n flip-flops are
required. To simplify the following description, »=3 though in
practice n would be considerably greater than 3 (n>>3), in
order to provide a code of sufficient length. In FIG 1 the three
flip-flops FF1, FF2 and FF3 are also designated by numerals
11, 12 and 13, with the Q output of one flip-flop serving as the
input to the next or succeeding flip-flop. The input to flip-flop
11 (FF1) is connected to respond to signals from an oscillator,
such as a subcarrier oscillator 18, which are frequency divided
by a divider 17.

Assuming that the period of each signal which is applied to
flip-flop 11 is bp, as shown in FIG. 2 the output of flip-flop 11
may be represented by the square wave in line a, where the
upper level represents 2 1 when the flip-flop is in & set state
and the lower level represents a —1 when the flip-flop is in a
reset state. The outputs of flip-flops 12 and !3 are represented
by the square waveforms shown in lines b and ¢, respectively.

Recognizing that these waveforms are mutually orthogonal,
they may be summed vertically bit-by-bit to form a composite
waveform or signal. FIG. 3 represents a truth table with the
resultant or sum signal shown in line d. It is ¢lear that such 2
sum signal is no longer binary. It can however be made binary
by replacing each bit-sum by its sign. The resulting composite
signal, hereafier referred to as the composite code, for the
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particular example of three flip-flops, is shown in line ¢ of FIG.
3. s waveform in terms of 1's and ~1's is diagrammed in FIG.
2,lined.

Briefly, the composite code may be generated from the out-
puts of the flip-flops with a majority-type circuit, which
produces a I output whenever a majority of the outputs of the
flip-flops are 1's. On the other hand, a ~1 output is provided
by the majority-type circuit when a majority of the outputs of
the flip-flops are ~1's. One example of the implementation of
such a circuit is diagrammed in FIG. 1, and is designated by
numeral 20.

In the particular example, circuit 20 includes, for each flip-
{lop, an amplifier 21 and a relay 22, which consists of a coil
23, a pair of contacts or terminals 24 and 25 and a movable
contact or blade 26. The use of relays as switching devices in
the following description should be regarded as exemplary
only. The relays are intended to represent any switching
devices, including solid state circuits, which are capable of
performing the switching functions of the relays which will be
described hereafter in detail.

Terminals 24 are connected to a line 28 which is shown con-
nected to a positive or plus potential +V with respect to a
reference potential, such as ground, while a line 30 connects
the terminals 25 to a negative potential —V. Each movable
contact 26 is connected through a separate resistor 31 to a
common line 32, which serves as the input line to a one bit
analog-to-digital (A/D) converter 34, or other similar polarity
sensing device.

For explanatory purposes let it be assumed that a 1 output
of a flip-flop is amplified by its amplifier 21 to energize or ac-
tivate the relay 22 so that the movable blade 26 is in contact
with terminal 24 (as shown in FIG. 1). Consequently, the re-
sistor 31 is connected to the plus potential +V. On the other
hand, when the output of a flip-flop is a —1, the relay is not
energized, i.e., in an OFF state and consequently the blade 26
is in contact with terminal 25 so that the resistor 31 is con-
nected to the negative potential —V. Thus, the voltage at line
32 represents a voltage sum which is a function of the outputs
of the flip-flops.

When at least two flip-flops have 1 output, the input to 34 is
a positive voltage resulting in a 1 output therefrom. However,
when the outputs of at least two of the flip-flops are —1, a
negative voltage is applied to the D/A converter 34 to produce
a —1 output. The output of the D/A converter 34 represents
the composite code. For the particular phase relationships
between the various flip-flops, diagrammed in lines a, b and ¢
of FIG. 2, the composite code has a waveform or bit sequence
as diagrammed in line e. This output, i.e., the composite code,
is supplied to a transmitter 35 for transmission to a receiver 40
in a receiving unit, which is shown in FIG. 4 to which
reference is made herein.

In the receiving unit, after the composite code is properly
demodulated in receiver 40, by techniques well known in the
art, the received composite code, hereafter also referred to as
the received code, is supplied to a correlator unit 42, Unit 42
together with substantially all the other units and elements
shown in FIG. 4 form a decoder 48, whose function is to
produce a code which is a replica of the received code and in
phase therewith. To produce such a replica code, the decoder
4S5 includes a string of three flip-flops FF1, FF2 and FF3,
which are also designated by numerals 51, 52 and 53, respec-
tively.

Each of the flip-flops has a single input and two outputs
which are conventionally designated as Q and Q. Hereafter it
will be assumed that Q outputis at a 1 level or is a 1 and the
complementary Q output a —1 when the flip-flop is at a set
state, while when being in the reset state, the Q and O outputs
are —1 and 1, respectively. The output waveforms of the three
flip-flops in terms of binary levels 1 and ~1 are diagrammed in
lines a through fof FIG. §.

As seen from FIG. 4, the input to flip-flop §1 is connected
through a frequency divider 85 from the output of a voliage
control oscillator (VCO) §7. The latter is assumed to form
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part of a phase-lock loop which receives the subcarrier signals
from the receiver to adjust the frequency and phase of the
signals from the VCO 57 to be identical with the frequency
and phase of the subcarrier signals. Since phase-tocking
techniques are well known in the art, and since neither the
VCO 57 or the divider 55 contribute to the novelty of the
vention, they will not be described in further detail. For the
purposes of the present description it is sufficient to state that
the signals which are supplied to the flip-flops 51 are of the
same frequency and in phase with the subcarrier signals which
are used in the encoder in the transmitting unit to form the
received composite code, whose waveform is diagrammed in
line g of FIG. 8.

If the outputs of flip-flops 51 and 52 were fixedly connected
to the inputs of flip-flops 52 and 83, and the outputs of all
three flip-flops were supplied to a majority circuit 60, which is
identical with the majority circuit in FIG. §, the output of cir-
cuit 60 would be a composite code, similar to the received
code in length and bit period but probably not in phase
therewith. To produce a replica code which is in phase, or in
sync with the received code, in accordance with the present
invention, a switching device is associated with each of the
flip-flops. As will be explained hereafter in detail, each of
these devices is used during a different decision-making
period to supply the Q output of the flip-flop with which it is
associated to the correlator unit 42 during one part of the
decision-making period. During another part of the period the
Q output is supplied to the correlator unit 42, Thern, at the end
of period based on a decision reached in unit 42, a signal is
supplied to the switching device to control which of the two
outputs of the flip-flop is to be used to drive the next flip-flop
and/or as the input to the majority circuit 60.

For explanatory purposes, the three switching devices as-
sociated with the three flip-flops 81, 52 and 53 are
represented by relays 61, 62 and 63 respectively. It should
again be pointed out that electronic solid siate switching
devices may be preferred and, therefore, the relays should be
regarded only as exemplary of required switching devices.
Each relay is of a conventional type including 2 coil 65, and
movable blade or contact 66 which is in contact with either a
terminal 1 or a terminal 2, depending on whether or not power
is applied to the relay coil. The terminals 1 and 2 are con-
nected to the Q and Q outputs of the associated flip-flop.

The movable contacts 66 of the three relays are connected
to the majority circuit 60, as well as to commutator and relay
power unit 70. Contacts 66 of relays 61 and 62 are also con-
nected to the inputs of flip-flops 52 and 53, respectively. The
coils 65 of the three relays are connected by separate lines to
unit 70, which together with the correlator unit 42 are con.
trolled by a timing and control unit 72. The function of unit 72
is to define three successive decision-making periods, or
simply decision periods hereafter designaied DI, D2 and D3,
as shown in line 4 of FIG. 5.

Each decision period such as D1 is divided into first and
second -equal-duration sampling periods, such as 51 and §2.
During S1 of D1, units 70 and 42 are controlled to supply the
Q1 output of flip-flop 51 to unit 42 and to correlate it with the
received code. Then, during $2 of D1 the O1 output of §1 is
correlated with the received code. At the end of $2
the accumulated correlation results during the two sa
periods, a decision is made which one of the outputs of
flop 51 should be used. Thereafter unit 72 controls the other
two units to repeat the same decision-making process in suc.
cession for flip-flops 52 and 53.

For a complete explanation of the circuitry shown in FIG. 4,
reference is now made to FIG. 6 wherein the units 42,70 and
72 are shown in sufficient detail to enable one familiar with
the art to practice the teachings disclosed herein. It should
again be pointed out that the circuitry shown in FIG, 6 is ex-
emplary of an arrangement which may be employed to deter-
mine the connections between a string of flip-flops in order to
generate a composite code in circuit 60 which is 2 replica of
and in sync with a received code.
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in FIG. 6, the correlator unit 42 is shown including an Ex-
clusive-OR gate 424 whose output is connected through a two-
position switch 425 to either a counter 42¢ or a counter 52d.
The two counters are connected to a comparator 42¢. The
gate 42a which serves as a correlator is supplied with the
received code from receiver 40 as well as with one output
from one of the flip-flops §1, 52 or §3 through a three-position
switch 81, which is assumed to be ganged with the two three-
position switches 82 and 83. The three switches serve as a
commutator which is assumed to be part of unit 70 (FIG. 4).

In unit 70, switch 82 is connected to a relay power source
designated +V,, through a gate 88, while switch 83 selectively
connects the output of comparator 42¢ to one of three identi-
cal circuits 91, 92 and 93. Each of the latter-mentioned cir-
cuits consists of an AND gate 94, whose output is supplied to a
flip-flop 98 which controls a gate 96. When a gate 96 is open,
which is assumed to occur when the flip-flop connected
thereto is set by an enabling signal from the AND gate, relay
power (+Vy) is applied to the relay coil to which the gate is
connected. Consequently, the movable relay contact 66 is
connected to the Q output of its associated flip-flop. On the
other hand, in the absence of an enabling signal from an AND
gate 94, the connected control flip-flop 95 remains in its reset
state. Consequently, the associated gate 96 remains closed
and the connected relay is not energized, in which case the
moveable blade 66 is in contact with the Q output of the flip-
flop.

The position of switch 42b and the condition of gate 85 are
controlied by the output of a flip-flop 72a which, together with
a clock generator 72b and a channel counter 72c¢, define the
timing and control unit 72. The count in counter 72¢, which
for a string of three flip-flops is assumed to be a Mod 3
counter, controls switches 81, 82 and 83. The output
waveform of flip-flop 72a is a diagrammed in line & of FIG. §.
One complete cycle of the waveform represents a decision
period. During the first half of the cycle, i.e., sample period
$1, the flip-flop 72a is set to provide a § output, and during the
succeeding sample period S$2, the flip-flop is reset to provide a
—1 output. The change in state of flip-flop 72a is produced by
the clock pulses from generator 726.

All the decision periods (D1, etc.,) are of equal time length
and the number of periods or decisions equals the number of
flip-flops whose outputs are combined to form the replica
code. The duration of each decision period depends on the
noise conditions, the noisier the environment the longer the
decision duration. In the prior art for a code N=2" bits, as
many as 2" correlations or decisions are performed, each
possibly for a shorter time than required by the present inven-
tion. This number can be reduced from 2" by combining
shorter length PN codes. Nevertheless, the number of correla-
tion is always considerably larger than n, the number needed
here. In any event, in the decoder of the present invention, the
total effort, defined as the product of the number of decisions
and the time or period of each decision, is substantially shorter
or smaller than the total effort required by any of the prior art
methods. Consequently, faster synchronization is achieved
with the present invention for equal length codes.

The operation of the circuitry of FIG. 6 may best be ex-
plained and summarized with a specific example represented
by the waveforms in FIG. §. Let it be assumed that for a string
of three flip-flops which produces a composite code of 8 bits
in length, the noise environment is such that a decision dura-
tion, 8 bits long, is sufficient. Let it further be assymed that
from a time ¢, the waveforms of the outputs Q1 and Q1 of flip-
flop §1 and the received code are as shown in linesa, b and g
of FIG. §. Prior to 1, all the flip-flops except §1, 52 and 53, the
gates and counters are in a reset state and the count in the
counters is zero.

At 1, a clock pulse from generator 725 drives the flip-flop
72a 10 a set state as represented by 101 in line A of FIG. §. This
is the start of D1. The change in the output of 72a from ~1 to
1 advances the count in counter 72¢ to one (1) so that the
switches 81, 82 and 83 are switched to their 1 positions. Also,
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the 1 level of 72g switches switch 83 1o the 1 position and ena-
bles gate 8S. Consequently, power (+V ) is applied to the coil
65 of relay 61 thereby supplying the QI output ¢ correlator
42a. From ¢, to a time ¢, the decoder is in sample period §1 of
D1, during which the Q1 output (line a) and the received code
(line g) are correlated, and the results accumulated in counter
42¢. By comparing lines a and g between ¢, and 1,, it is seen
that three out of the four bit correlate, as indicated in line / by
the letters C. Thus, at time ¢, the count in counter §lcis 3.

At time ¢,the flip-flop 72a switches to its reset state in which
its output is a —1 which defines the sample period 52 of D1.
When the output of 72a is —1 gate 8§ is closed. Consequently,
relay 61 is disabled, the 01 output is supplied to correlator
52a and the correlation results are stored in counter 424
From lines b and g of FIG. § it is apparent that during 52 of D1
only one bit in the two waveforms correlates. Thus, at the end
of D1 at time ¢,, the counts in counters 4Z¢ and 424 are 3 and
1 respectively. Comparator 42¢ is assumed to provide an
enabling output signal only when the count in 42¢ is greater
than the count in 424.

At time 1, the flip-flop 72a is set for a second time to define
the beginning of S1 of D2. The change from ~1 to ! in the cut-
put of flip-flop 72a, represented in FIG. § by line 105, incre-
ments the count in counter 72¢ to two which in turn turns
switches 81, 82 and 83 to positions 2.

However, just before switch 83 is switched to position the
change from —1 to 1 of the output of 72 ¢ enables gate 94 of
91 to respond to the output of comparator 42e. Since the
latter circuit provides an enabling output {counter 42¢ >
counter 42d) gaie 94 sets flip-flop 95 of ®1 which in turn ena-
bles gate 96 to supply relay power +V g to relay 61. Thus, after
t, which represents the end of decision period D1, relay 61
remains energized so that thereafter only the Q1 output of 51
is used.

The change in the output of 72a at 1, represents the
beginning of the sample period S1 of D2, during which the
output Q2 is correlated with the received code until time 1,
when S2 of D2 starts. The end of the decision period D2 ce-
curs at £,. Intervals r,—r, and t4—1, represent S1 and $2 respec-
tively of D3.

From a comparison of the waveforms in lines ¢ and g, during
S1 of D2 and in lines d and g, during 82 of D2, it is apparent
that at the end of D2 the counts in counters 42¢ and 424 are 3
and 1 respectively. Thus, the comparator enables gate 94 of
circuit 92, to finally enable gate 96 of 92. As a resuls, relay 62
is enabled so that, thereafter, only the Q2 output of flip-flop
52 is used.

However, by comparing the waveforms in lines ¢, fand g
during D3 it should be apparent that at the end of D3 the
counts in counters 42¢ and 42d are 1 and 3, respectively.
Thus, the comparator does not provide an enabling signal to
gate 94 of circuit 93. Consequently, gate 96 remains closed
and relay 63 remains deenergized and, therefore, the movea-
ble contact 66 of relay 63 remains in contact with the Q3 out-
put of flip-flop §3, asindicated in FIG. 6 by dashed line 110.

The end of decision period D3 represents the end of the
decision-making process. In the particular example, relays 61
and 62 remain in their energized state, thereby supplying out-
puts Q1 and Q2 to the majority circuit 60. Relay 63 remains in
the deenergized or OFF state so that the Q3 output is supplied
to circuit 60, which thereafter combines the three outputs to
produce the replica code, diagrammed in FIG. 5, line p. That
the replica code is in the phase, as diagrammed, becomes ap-
parent by observing the phases of the waveforms in lines ¢, ¢
and f which represent outputs Q1, Q2 and Q3. It is clear from
FIG. 8, lines g and p, that the replica code (line p) is in phase,
i.e., in sync with the received code (line g).

Summarizing the foregoing description, the present inven-
tion consists of an encoder which is used to produce binary
sequence ar composite code of N=2" bits by combining the
outputs of a string of n flip-flops, with the output of one flip-
flop being the input to the next. The period of each pulse or
signal supplied to the first period is equal 1o the desired bit
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period. Such an encoder with an exemplary majority circuit
are shown in FIG. 1 and described in conjunction with FIGS. 2
and 3,

The invention further includes a decoder to which the com-
posite code is supplied. The function of the decoder is to
produce a replica code which is in sync with the composite
code with a minimum number of decisions. The decoder in-
cludes a string of n flip-flops each with two outputs, one being
the complement of the other, such as Q and Q. Each flip-flop
is associated with a switching device. The decoder also in-
cludes a correlator, a commutator and a timing and control
unit. The function of the latter is to define a decision period
for each flip-flop. During the first half of the decision period
one output of the flip-flop, such as Q1, is correlated with the
received composite code and during the second half, the com-
plementary flip-flop output, such as QI, is correlated. Then,
depending on which output exhibited a higher degree of cor-
relation, a decision is reached which output is to be used as the
input to a succeeding flip-flop and/or as the input to 2 majority
circuit.

Thus, after only n decisions the desired connections
between the flip-flops and the majority circuit are determined,
to result in the production of a replica code which is in sync
with the received composite code.

As previously pointed out each decision period in the
present invention may be longer than the decision periods
required by prior art methods. However, because of the
number of decisions, which in the decoder of the present in-
vention is reduced to n, as compared to 2" in the prior art, the
total effort, as herebefore defined, is much smaller when the
present invention is employed. It should again be pointed out
that the various switching devices herebefore described are
exemplary of the type of devices of which the encoder and
decoder consist. Any of the mechanical or electromechanical
devices, such as the relays and switches, may preferably be
replaced by solid state electronically-operated devices, which
are capable of performing equivalent functions. It should
further be desired a separate correlator unit may be associated
with each flip-flop of the decoder. With such an arrangement
the desired outputs of the flip-flops may be chosen simultane-
ously in a single decision-making period. However, the reduc-
tion of the time required to obtain sync, must be weighted
against the increased cost of providing a separate correlation
unit for each element.

Although particular embodiments of the invention have
been described and illustrated herein, it is recognized that
modifications and variations may readily occur to those skilled
in the art and consequently it is intended that the claims be in-
terpreted to cover such modifications and equivalents.

We claim:

1. A decoder in which a binary composite code of N incre-
ments is received for providing a replica code which is in
phase with the received composite code, said decoder com-
prising:

n binary elements arranged in a serial sequence, each ele-
ment having a single input and first and second outputs, n
being equal to log,N;

a separate output selecting means connected to each for
selectively connecting one of the element’s output to the
input of a succeeding element in said sequence;

time-defining means for defining a separate decision-mak-
ing period for each element, each period having a first
part and a succeeding second part;

correlation means responsive to periods defined by said
time-defining means for correlating during the first pant
of each period the first output of the element associated
with that period with said received composite code and
tor correlating during the second part of each period the
second output of the element associated with that period
with said received composite code;

control means coupled to said correlation means and
responsive to the correlations performed therein for ac-
tivating at the end of each period the output selecting
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8
means connected to the clements associated with that
period, to select one of the element’s outpuis as a fune-
tion of the correlations performed by said correlation
means during tw.xd period; and

code-generating” means couplcd to said output szlecting

means for providing an output as & function of the
selected outputs of said » elements.

2. The decoder as recited in claim 1 wherein said code-
generating means is a majority circuit providing » binary cut-
put as a function of the binary outputs of & majority of said »
elements.

3. The decoder as recited in claim 2 wherein said means for
selecting include a first counter for storing the correlation
results of the first output of an element with said composite
code and a second counter for storing the correlation results
of the second output of an element with said composite code
and comparing means responsive to the contents in said first
and second counters for selecting the output of said element at
the end of the decision-making period as a function of the
relative contents of said first and second counters.

4. A decoder for producing a replica code in phase with a
received binary composite code of N bits, where N=2" the
outputs of a string of n, serially connected, bistable eiements,
the decoder comprising:

n bistable elements arranged in a serial sequence, each hav-
ing a first output and a complementary second output;

timing means for defining a sequence of » decision-making
periods;
first means connected and responsive to said timing means
and including means for correlating during different por-
tions of the i* decision-making period each of the outputs
of the i* bistable element in said sequence to select the
output to be used, i varying from 1 to n;

second means responsive to said first means for con;
the selected output of each element to 2 succeeding e
ment in said sequence; and

code-generating means coupled to the selected outputs of

said n elements for providing a replica code which is in
phase with said received binary code.

5. The decoder as recited in claim 4 wherein szid second
means includes a first counter for storing the results of the cor-
relations between said received composite code and the first
output of said /" element; and

a second counter for storing the results of the correlaticns

between said received composite code and the second
output of said i element, and comparing means for com-
paring the correlation results, stored in said first and
second counters to provide a signal to said first and
second counters to provide a signal to said second means
to select the output of said i element which exhibits the
higher degree of correlation with said received composite
code.

6. The decoder as recited in claim § wherein said first means
includes a commutator for selectively connecting during each
decision-making period the’ outputs of a different element 1o
said means for correlating, and a switching device switchable
between first and second posatlons associated with sach ele-
ment.

7. An encoder/decoder system for providing 2 binary com-
posite code of N increments and for generating a replica code
in phase with said composite code, the system comprising:

an encoder including n serially connected bistable elements,

n being equal to log;N, with the output of one element
connected to the input of a succeeding element in the se-
vics of elements, and a majority circuit responsive to the
outputs of said n clements to provide a binary composite
code as 4 function of the outputs of a majority of said n
elements; and

a decoder including a group of »n bistable elements each

having a first output and a complementary second outpug,
timing means defining n decision-making periods, first
means responsive to the periods defined by said timing
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means for successively correlating during each period the
outputs of a different element with said composite code,
second means responsive to the correlations of said first
means for selecting either the first output or the second
output of the element as a function of the correlation

" results, and code-generating means connected to the
selected outputs of said elements and responsive thereto
for generating said replica code in phase with said com-
posite code.

8. The system as recited in claim 7 wherein the output of
each bistable element in said encoder is a square wave of a
period which is a multiple of two of the period of the output of
a succeeding element, each output being at either a first bi-
nary level or a second binary level, and the composite code is
at said first and second levels when the outputs of a majority of
said elements are at said first and second levels, respectively,

9. The system as recited in claim 7 wherein said means for
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successively correlating in said decoder include a first counter
for storing the results of the correlation between said com-
posite code and the first output of an element during a first
part of a decision-making period, associated with said ele-
ment, and a second counter for storing the results of the cor-
relation between said composite code and the second output
of said element during a second part of said decision-making
period, and means for selecting the output of said element as a
function of the contents of said first and second counters.

10. The system as recited in claim 9 wherein the output of
each bistable element in said encoder is a square wave of a
period which is a multiple of two of the period of the output of
a succeeding element, each output being at either a first bi-
nary level or a second binary level, and the composite code is
at said first and second levels when the outputs of 2 majority of
said elements are at said first and second levels, respectively.





