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Adraboc Cyclic Binary Code Digls
Nezmber Cnds Tens. Hundreds

000 X000 X000 X000
007 XX00 X000 X000
002 0X00 X000 X000
003 oxXX0 X000 X000
004 00x0 X000 X000
005 ooxx X000 X000
006 oxXxx X000 X000
007 ' oxXox X000 X000
008 XX0x X000 X000
009 X00Xx X000 X000
010 X00X XX00 X000
ort XX0X XX00 X000
o012 o0Xox XX00 X000
013 oxXxXx XX00 X000
or4 00XX XX00 X000
015 00X0 - XX00 X000
016 o0XX0 XX00 X000
o017 0X00 AX00 X000
o018 XX00 XX00 X000
079 X000 XX00 X000
020 X000 0X00 X000
051 XX0X ooxXx X000
063 oxX X0 oXXX X000
099 X000 Xo0x X000
700 X000 X00Xx XX00
176 0XX0 XXOX XX00
148 : XX0X ooxx XX00
216 0XX0 XX00 0X00
248 XxXox 00X0 0X00
333 oOXXX oxXxXx 0XXx0
433 oxXXX oXX0 00X0
999 . X000 X000 xXoox
Leg.A. .
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My invention relates to a code converter for translat-
ing one form of binary code into a second form. More
particularly, my invention relates to a code converter
by which indications from remote stations received at
a central office in cyclic binary decimal form are con-
verted into a decimal binary form which may be weighted
for readout and control purposes.

It is well known in control systems for oil or gas pipe-
lines to transmit indications from the remote locations
to a central office in code form. These indications in-
clude information concerning such items as pipeline or
other pressures, engine or pump speeds, flow rates, ete.
Items of this nature are encoded to simplify the trans-
mission. of the information over the remote control sys-
tem. It is necessary, of course, that the code form be
appropriate for the type of control system in use. For
some types of remote control system, more than one
form of code may be applicable to represent the in-
dications 1o be transmitted. However, of the various
types of codes, the binary type is most convenient for
transmission over the well-known time code remote-con-
trol system. Of the various binary codes, the form known
as the cyclic or reflected binary code is particularly well
adapted as it eliminates all possible errors, and the re-
sulting ambiguity, in the readings.

However, the cyclic form of binary code, since the
numerical representation is partially complementary, is
not easily adapted for readout or recording through
analog converters. It has been found more useful if
such codes may be converted or translated into a more
conventional binary form in which the numerical re-
presentations may be weighted, so that translations to
digital or analog form are simplified. In other words,
the cyclic binary code form is very convenient. for trans-
mission when the time code type of remcte control sys-
tem is used. It is difficult, however, to provide a simple
readout format into the various forms, that is, digital
or analog, desired for recording and control purposes.
The readout into the desired form is much simplified if
conversion is first made to a weighted binary code which
lends itself readily to. translation for either digital or
analog recording. - .

It is therefore anobject of my invention to provide
a code converter which will convert from a cyclic binary
decimal ¢ode into a weighted decimal binary code.

Another object of my invention is to provide a code
converter at a central location to translate indications
received from a remote station in a cyclic binary form
into a decimal binary. form.

Still another object of my invention is to provide an
indication system which will transmit information to
a central point from several remote locations in a code
form convenient to the communication system or chan-
nel in use, and to convert the received indications into a
form readily translatable into digital or analog form for
readout purposes.

Another object of my invention is to provide a code
conversion system at a central office which will receive
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coded information from several remote locations. and
convert the information into another code form more
readily useable at the central location. :

A further object of my invention is to provide a single
code translation matrix at a central location by which in-
dication codes of a cyclic binary form received from
several remote locations may be converted into a conven-
tional binary form whose digits may be weighted to
simplify readout procedure.

Other objects and features of my invention will be-
come apparent as the specification progresses.

Referring now to the drawings, Figs. 1A, 1B, and 1C,
when taken in the order nmamed from left to right, pro-
vide a diagrammatic showing of an indication system,
including a recording device, which embodies one form
of the code converter of my invention.

Fig. 2 is a diagrammatic showing of another circuit
arrangement for a second form of recording device or
visual display apparatus which may be used in place of
the similar apparatus shown in Fig. 1C. :

The circuit arangement of Fig. 3 is a diagrammatic
showing of a third form of recording apparatus which
may replace that shown in Fig. 1C and is particularly
adapted for readout into an electric typewriter or tele-
type circuit. :

Fig. 4 is a chart of one form of cyclic binary code
as used herein to describe the general features of my
invention.

In each of the drawings, similar reference characters
refer to similar parts of the apparatus.

In practicing my invention, each item or type of in-
formation that is to be measured or indicated at a central
office is established as a separate station in the indica-
tion system. The actual numerical information or in-
dication is first encoded in a cyclic binary decimal code
form, which will be described in more detail hereinafter. -
In other words, each station in the remote indication sys-
tem comprises only one type or item of information
so that several stations may exist at one remote location
in order to provide indications at the central office of
all of the information from that point. Of course, in the
type of code system contemplated, as will be described
hereinafter, only one code, that is, one type of informa-
tion, is transmitted at a time. Each information bit or
digit of the binary code is transmitted on a separate code
step and received in the. office by a separate receiving
relay. As is customary with any binary code, each re-
ceiving relay needs only to be energized or deenergized to
indicate the two possible values of the code digits, that is,
the numeral 1 or the numeral 0. Each receiving relay
at the office serves to receive in turn the same information
bit or code digit from each indicating device at the several

. field locations.

The svstern as illustrated transmits numerical informa-
tion having three digits in its arabic form. These three
digits become twelve information bits or digits in the
cyclic binary code, thus requiring twelve receiving relays
at the office. A matrix of the receiving relay contacts
is provided to convert the received cede form, that is, the
cyclic binary decimal code, into a more conventional
binary code in which the digits are relatively weighted
on the scale 8-4-2-1. In the contact matrix used, the
contacts of the first four receiving relays are used to con-
vert the hundreds digits into the new form of code. At
this point, I add a first additional or sensing relay to the
translation system in order to determine the relationship
of the digits in the fens group. This determination is .
necessary for reasons which will be described later when
the code form is more fully discussed. Contacts of the
second four receiving relays are used to convert the tens
digits of the code. - Contacts of the first additional relay
enter into this second circuit arrangement to determine
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whether the received code indicates a true or a comple-
mentary number. Also as a part of this translation matrix
for the tens digit, I add a second additional relay to
sense the relationship, in accordance with the particular
tens digit being converted, of the following umit digits.
Contacts of the last four receiving relays and of the
second additional relay are then used to form a contact
matrix which converts the received code digits repre-
senting the units into the second code form, the con-
tacts of the second additional relay differentiating be-
tween true and complementary numbers.

Each of these circuit arrangements in the translation
matrix places energy selectively on four output leads in
accordance with the received code for that particular
digit. In other words, the converted code also com-
prises twelve digits or information bits that are divided
into groups of four to represent the arabic numerals com-
prising the hundreds, the tens, and the unit digits of the
original information. The energy on these output leads
is evaluated in terms of the previously mentioned §—4—2—1
weight factor. This evaluation, however, is actually ac-
complished after the indication storage relays are ener-
gized, each output lead controlling one of the storage
relays. A set of twelve such relays is thus required for
each field station from which information is being re-
ceived. The final information readout from the storage
relays is by digital or analog translation into the desired
form in order to be recorded or displayed by visual indi-
cators, teletypes, analog converters, electric typewriters,
etc., as may be desired in the system.

Before describing the circuit arrangements and the
general system of my invention, it will be weli to de-
scribe briefly the forms of binary code used herein. At
each of the field stations, the output of the encoders is
a cyclic or reflected binary code, alsc known as the
“Gray” type code. The cyclic or reflected system of
binary numbers is an arrangement of the mumber order
to follow a definite pattern characterized by the change
of only one digit between any number and either number
adjacent to it. The code form is adaptable to rearrange-
ment into several variants or secondary forms so that this
type of binary code may be fitted to the particular job
that it is desired to accomplish. However, this system
of numbers is not amenable to ordinary arithmetical
processes, such as addition, multiplication, etc.” For
these reasons, the process of decoding the characters
of the refiected binary code requires in general a circuit
arrangement of somewhat greater complexity than is re-
quired for decoding the characters of the more conven-
tional binary code. This difficulty results in the fact
that the elements or digits of the reflected or cyclic binary
code cannot be said to have the same simple significance
to.each other as do the code elements of the more con-
ventional binary code. In contrast, the more convention-
al type binary code is easily decoded since the code

elements or. digits may be weighed arithmetically, par--

ticularly in the well-known weighted form 8-4-2-1.
However, as previously mentioned, because of its prin-
cipal characteristic, that is, that only one code bit changes
between adjacent numbers, which eliminates any am-
biguity in the code, the cyclic code is particularly well
adapted to transmission by the time code type of re-
mote control and indication. systems.

The specific variant of the cyclic or reflected binary
code shown herein is of the Giannini Datex code type,
as developed by the Datex division, G. M. Giannini &
Co., Inc. However, it is to be understood that the prin-
ciples of my invention are not limited to this specific
variant or secondary form of the cyclic cede and that
other forms may be used with only slight modifications
of the circuit arrangements. The Datex code, as used
herein, representing a three-digit arabic number, consists
of twelve code or information bits. In practice, the Datéx
encoder translates an arabic decimal number from the
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information apparatus, in this application a three-digit
number, into a cyclic decimal number which it then en-
codes into a binary code. The final output is a cyclic
binary decimal code having twelve digits which are
divided into groups of four to represent the original
three digits of the arabic numeral. Referring now to
Fig. 4, it is to be seen that the arabic numbers shown in
the left-hand column, consisting of three digits each, are
represented by the twelve-digit binary code shown in the
thiee right-hand columns entitled, from left to right, re-
speciiveiy, “Units,” “Tens,” and “Hundreds.”

Each group of four digits of the binary code is actual-
ly a separate cyclic code representing the actual arabic
numeral which occurs in the corresponding digital place
in the original number. As shown in Fig. 4, an ener-
gized code bit is represented by an X and a deenergized
code bit by an 0. As will appear hereinafier, when de-
scribing the circuits, the terms energized and deenergized
may be taken to mean whether or not, respectively,
energy appears upon the numbered output terminals of
the encoder (Fig. 1A) as they correspond, from top to
bottom, with the code digits shown in Fig. 4 from left
to right. Referring first to the units column, it is to be
seen that for the numerals 0 to 9, the binary code varies
only one digit at a time. Considering the arabic num-
bers 0 to 9 (shown as 000 to 009), the tens digit, being
zero, remains in the code combination X000. Through-
out the same range of arabic numbers, the hundreds
digit, which also is zero, likewise remains in the combina-
tion X000. It is also to be noted that between the arabic
numbers 010 and 019, the tens digit, being one, is repre-
sented by the code group XX00, which is the same com-
bination shown for the numeral 1 in the second line of
the unit column. Referring further to the arabic num-
ber 116 wherein the hundreds digit is one, this hundreds
digit is represented by the similar code group XX00.
Other examples illustrate that the tens digits change, that
is, below the number 100, to correspond with the units
digits shown from 0 to 9, and likewise the hundreds digits,
as shown in Fig. 4, continue to vary, as they increase, in
a corresponding manner.

Because of the change in the code group for the tens
digit beiween the numbers GG9 and 01¢ (from X000 to
XX00), the code group representing the umit digit re-
mains the same in these two arabic numbers so as not to
exceed the one code bit change between adjacent num-
bers which characterizes this form of binary codes. In
other words, the code group representing the unit digit 0
in the arabic number 010 is the same as the code group
representing the unit digit 9 in the preceding number.
From a study of the units column in Fig. 4, it is also
apparent that the code groups representing the units
digits from 010 to 619 change in the reverse order to that
of the corresponding units digit in the first ten numbers.
In other words, the various four bit code combinations
vary in one direction for ten changes and then vary in
the opposite direction for the next ten changes. This
cycle reoccurs every twenty changes in each of the digit
columns. In other words, the code group represeating
the unit digit 0 is the same for the number 020 as it is
for the number 000. Likewise, the code group repre-
senting the tens digit in the number 100 is the same as
the code group representing the tens digit 9 in the num-
bers from 090 to 099.. However, the code group repre-
senting the tens digit in 216, for example, is the same as
the code group representing the tens digit in 016. As
long as only a three-digit arabic number is being repre-
sented by the binary code, the progression of the code
groups representing the hundreds digit is only in the one
direction. . A reversal in the direction in which the hun-
dreds digit code group changes would only occur above
the number 1000.

It becomes apparent, therefore, that the four bit com-
bination for any digit may represent either the true num-
ber or a complementary number, i.e., the result if the
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, 5 S
actual numeral is subtracted from 9. From a study of
the code groups shown in Fig, 4, it is apparent that when
the hundreds digits are even, that is, the arabic numeral
is even, the representation of the tens digit in the code
is a true number, whereas when the arabic digit for the
hundreds is odd, the code group representing the tens
digit is complementary, Likewise, when the tens digits
are even, the unit code group represents a true number,
whereas when the tens digits are odd, the unit code group
represents a complementary number. Therefore, the
need can be realized for conversion to only the true num-
bers at the receiving end of the information from the feld
stations. This fact enters into the conversion circuit ar-
rangement, as will appear later. It may be briefly said,
however, that a determination must be made, when con-
verting from the cyclic binary code to a more conven-
tional binary code form, whether a particular code group,
that is, the four bit combination, represents an actual
numeral equal to, above, or below the numeral S, in the
scale 0 to 9. This determination is applied directly for
the units digit. However, it will be understood that when
the tens digit is being considered, the numeral 5 repre-
sents an actual value of 50. In other words, it must be
determined whether the original arabic number was equal
to, above, or below 50, in the range 00 to 99, with no
regard being given to the actual value of the hundreds
digit but only to whether it is an odd or an even numeral.

Referring now to Fig. 1A, there are shown two field
stations from which information is to be recorded at
the central office shown in Figs. 1B and 1C. Both sta-
tions in Fig. 1A are shown at the same remote location.
However, as will appear as the specification progresses,
the two stations need not necessarily be so located nor is
my system limited to only two field stations, as the in-
formation from a plurality of stations may be trans-
mitted to and recorded at the central office. These sta-
tions may be located each at a separate place or grouped
with several stations being located at a fewer number
of separate places. The stations are connected to the
central office by a communication system which must
provide at least twelve channels, one for each bit or digit
of the cyclic binary code, as previously described. The
communication system may be a direct-wire type, that is,
it may have an individual wire between the office and
each of the remote locations for each code bit.. The
more economical form, however, of one of the well-
known remote control and indication systems. This re-
mote control and indication system may be of the time

code type, such as shown and described in Letters Patent

_of the United States No. 2,411,375, granted to me on
November 19, 1946, for a Remote Control System, or
as shown and described in Letters Patent of the United
States No. 2,608,425, granted December 28, 1954, to
A. B. Miller, also for a Remote Control System. It is
to be understood, of course, that this present indication
system is not limited to the remote control system shown
in either of these two cited references. For purposes of
the following description, however, the use of a system
such ‘as shown therein will be considered, but only such
specific details of the system as are necessary to under-
stand my invention have been shown in order to simplify
the drawings. The general system is represented con-
ventionally by the cable CC which extends between the
remote location and the office, that is, between Fig, 1A
and Fig. 1B, and is illustrated as having twelve indica-
tion channels designated by the reference characters K1
to K12, inclusive. }

it is to be noted that the apparatus at each location
in Figs. 1A, 1B, 1C, and also in Figs. 2 and 3, is pro-
vided with a source of direct current, such as a battery
of suitable size and power. However, for the sake of
simplicity, these batteries are not illustrated, their posi-
tive and negative terminals being indicated by the ref-
erence characters B and N, respectively. Also, certain
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of the relay contacts shown are of the continuity trans-
fer type, that is, when the relay .is energized, the front
contacts close a short time before the corresponding back
contacts open, and when the relay releases, a reverse
action occurs. Such contacts are so designated, inthe
usually accepted manner, by a short arc which is ap:
pended to the contact armature.

In order to provide a differentiation between the sta-
tions of Fig. 1A, one has been assigned the station call
code 256 while the other is assigned station call code
347, such station calls being usual in the remote control
system herein being considered. Each station is further
provided with an encoder of the Giannini Datex type
previously described. Each encoder has twelve output
terminals corresponding in order to the twelve code bits
or digits. In other words, terminals 1 to 4, inclusive,
correspond to the four code bits representing the unit
digit; terminals 5 to 8, inclusive, correspond to the tens
digit, while terminals 9 to 12, inclusive, correspond to the
bundreds digit. A thirteenth terminal is shown as con-
nected to terminal B of the local source, from which
energy is supplied through internal circuits of the en-
coders, which are not shown for simplicity, in a combi-
nation according to the three-digit arabic number being
encoded. Station 256 thus is provided with the engine
speed encoder ESE having output terminals El1 to E12,
inclusive. Station 347 is likewise provided with an air
pressure encoder APE having output terminals Al to
A12, inclusive.

Each remote location is provided with one set of
twelve readout relays, such as relays MQ1 to MQ?2, in-
clusive. Only one set of such relays is required for the
several stations which may be placed at the one remote
location. Thus only one set of relays MQ1 to MQi2 is
shown for stations 256 and 347 which have hereinbefore
been described as being at the same location. It is to be
understood that if stations 256 and 347 were placed at
separated locations, a set of readout relays MQ would be
required for each station. However, since there is no
change in the principle of operation whether there be one
set or several sets of such readout relays, it is sufficient
to show both stations at the same location with the single
set-of readout relays.

Each relay MQ is energized from one or the other of the
two encoders, depending upon which station at this lo-
cation is active at a particular time, as determined by
the master and station detecting repeater = relays
256MSDP and 347MSDP. For example, one circuit for
relay MQ1I may be traced from terminal E1 of encoder
ESE over front contact a of relay 256MSDP through the
winding of relay MQ1 to terminal N. It is obvious that
if energy is applied to terminal E1 from terminal B; re-
lay MQ1 will be energized and will pick up when front
contact a of relay 256MSDP is closed. ‘A second circuit
for emergizing relay MQ1 ‘may be traced from terminal
Al of encoder APE over front contact ¢ of relay
347TMSDP, wire 41, back contact a of relay 256MSDP,
and the winding of relay MQ1 to terminal N. Energy
is applied to terminal A1 from terminal B of the local
source connected to terminal AI3 through circuits with-
in encoder APE in accordance with the information be-
ing encoded. Similar energizing circuits for the remain-
ing relays MQ, with the exception of relay MQ2, may be
traced and include terminals E3 to B12 of encoder FSE
and terminals A3 to A12 of encoder APE and other con-
tacts of the two relays MSDP. The energizing circuits
for relay MQ2 will be described shortly,

Each master and station detecting repeater relay is
energized for a short period during the initial or station

‘'selection’ part. of an indication code being transmitted

from the corresponding station and then releases for the
remainder of the indication code. These relays are not
energized when the corresponding station is receiving a
control code from the central office.” Thus it is obvious
that the energizing circuits for the relays MQ ‘are com-
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i
pleted for only a short time during the initial part of an
indication code, and the relays are thus energized or re-
main deenergized in accordance with the binary code
output of the encoder of the ‘then active station.

Each of the MQ relays is provided with a stick circuit
which is effective to hold the relay energized during the
remainder of an indication code. The stick circuit for
relay MQ1, for example, may be traced from terminal
B over front contacts g, in multiple, of the master and
station repeater relays 256MSP and 347MSP, froat con-
tact a of relay MQI, wire 21, back contact ¢ of ielay
347MSDP, wire 41, back coatact a of relay 256MSDP,
and the winding of relay MQI to terminal N. The
master and station repeater relay of a station is energized,
only during an indication code from that station, when
the last step of the station code call is transmitted. This
occurs prior to the release of the associated relay MSDP.
The MSP relay then remains energized throughout the
remaining portion of that indication code so that its frost
contacts remain closed until the final or reset code step
at the end of the code. It is thus apparent that the stick
circuit for any relay MQ, once established by the closing
of its own front contact ¢ and the associated back contact
of the active relay MSDP, remains closed until the indica-
tion code is completed. 1t is to be noted that tie trans-
fer contacts of the MSDP relays are all of the continuity
transfer type so that mo interruption of the energization
of any relay MQ occurs during the transfer from the
pickup circuit to the stick circuit for that relay.

Each station is also provided with a code change relay,
such as relay ES2 and relay AP2. These relays are used
to sense a change in the information being encoded in
the corresponding station encoder so that an indication
code may be initiated at the proper times to transmit the
new information or indication to the central cffice. As
shown in the drawings, each code change relay is con-
nected directly to the No. 2 terminal of the correspond-
ing encoder. For example, relay ES2 is connecied di-
rectly to terminal E2 of encoder ESE, and thus is directly
energized or deenergized as terminal B is or is not con-
nected to terminal E2 through the internal circuits of the
encoder which is constantly active to encode information
supplied. A connection is 'made from terminal B over
back contact a of relay ES2 to the starting circuits for
station 256 so that, as relay ESZ picks up to open back
contact a or releases to close back contact g, the start
circuit for this station is actuated in the well-known man-
ner, as described in either of the two previously men-
tioned patents for similar type code systems. Reference is
made to these patents for a full description, it being
sufficient to here understand that the application of energy
to, or the removal of energy from, this circuit will initiate
an indication code. Terminal E2 of the encoder is chosen
to control relay ESZ since the second digit of the cyclic
binary code here produced has the most frequent changes
between an energized condition and a deenergized condi-
tion, as may be confirmed by reference to the code chart
on Fig. 4. It is apparent from the chart that a maximum
change of only three digits in the corresponding arabic
number can occur before a change occurs in the energized
condition of this terminal.

The form of control for the code change relays shown
in the drawings provides the most frequent indication of
variations of the measured information. However, de-
pending upon the desired sensing scale, that is, the amount
of change before a new indication is transmitted, the code
change relays may. be connected to terminals 2, 2, 3, or
4 of the encoders. In any one system, the code change
relays for one item of information at the various loca-
tions may be connected to one such terminal while the
corresponding relays for another item of information may
be controlled over another of these terminals. It is to
be understood that the. present showing is not intended to
limit the control of these relays to the connection to
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terminal 2, but that only the..principle of - operatmn is
illustrated.

The first energizing circuit for relay MQ2 is completed
from terminal B over front. contact a of relay ES2 and
front contact b.of relay 256 MSDP. A second energizing
circuit for relay MQ2Z is completed over front contact ¢
of the corresponding code change relay AP2 for station
347 and front contact b of relay 347MSDP, wire 42, and
back contact b of relay 256MSDP. The stick circuit for
relay MQ2 is similar to the. stick circuit previously traced
for relay MQ1, and is likewise similar to-the stick circuits
for the other MQ relays. It s to be noted that the start-
ing circuit for station 347 is controlled by back contact a
of relay AP2 in a manner similar to that already discussed
for station 256. ‘

The office is provided with twelve receiving relays 1KP
to 12KP, inclusive, as shown in Fig. 1B. These receiv-
ing relays are energized in accordance with the positions
of the MQ relays associated with the station transmitting
the indication code then being received. However, there
is not a direct relationship between the corresponding
numbers. This results from the fact that, for purposes
of code conversion, it is more convenient to receive first
at the office the four bit code combination representing
the hundreds digit, so that the code conversion of this
code combination may occur first. The reasons for this
will be more readily apparent as the description of the
conversion circuits is amplified. The energizing circuits
for the KP relays, as shown in a conventional manner,
are completed through the twelve indication channels of
the code system represented by cable CC. For example,
the energizing circuit for relay 1KP may be traced from
terminal B over front contact b of relay MQ9, channel
K1 in the code system, and the winding of relay 1KP to
terminal N, Circuits for the remaining KP relays may
be similarly traced over the code channels bearing the
numbers corresponding to the KP relays. These relays
are not provided with stick circuits but are held up after
they are emergized until the code ends and are then re-
leased. The energized combination of the KP relays oc-
curring during any indication code is in accordance with
the raw Datex binary code established by the encoder
at the station transmitting at that particular time. Since
only one indication code at a time may be transmitted
over this type of a code system, only one indication, i.e.,
the information from a single station, is received at any
one time at the office.

These KP relays with their contacts form the principal
part of the translation matrix by which the raw Datex
code, that is, the cyclic binary code received, is con-
verted into a weighted conventional binary code also
including a similar number of information or code bits.
This code conversion occurs simultaneously with the
receipt of the code from the particular station then
active. The converted information or code is stored in
indication relays at the office, there being a group of
twelve such relays for each station in the system. For
example, in Fig. 1C, station 347 is provided with twelve
indication storage relays such as relay APIOOK. The
numerical portion of the reference character for each
of these indication relays X is in accordance with the
weight value given to the code bit stored by that par-
ticular relay.” These relays are divided into groups of
four to.store the corresponding code bits for the hundreds,
the tens, and the unit digits of the converted code. The
energizing circuits for these relays are compieted when
delivery relay 347D picks up to close its front contacts.
Relay 347D is energized and picked up during the final
step of the indication code to complete these circuits and
releases immediately thereafter. For example, the cir-
cuit for relay API1@CK may be traced, as will be ex-
plained later, through the translation matrix in Fig. 1B,

to wire 160, and thence over front contact @ of relay

347D through the winding of relay AP166K to terminal
N. It is obvious that if energy .is applied -to -wire 109,
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relay AP100K will then be energized. Upon the release
of delivery relay 347D, a stick circuit is completed from
terminal B over front contact a of relay AP100K, back
contact ¢ of relay 347D, and the winding of relay
AP100K to terminal N. It is to be noted that the trans-
fer contacts of relay 347D, and the corresponding relay
256D for the other station, are all of the continuity trans-
fer type so that no interruption in the energization of
an indication relay occurs upon the transfer from its
energizing circuit to its stick circuit,

Station 256 is alsoc provided with a grour of twelve
indication storage relays at the office, these relays ap-
pearing in the right-hand portion of Fig. 1C, illustrated
for example by relay ESI66K. The indication relays
ES-K are energized over front contacts of delivery relay
256D, and those relays which may be energized during
a particular indication code are then held energized over
stick circuits which include back contacts of this de-
livery relay. This operation is identical with that pre-
viously described for station 347 and its indication relays.

Selection circuits over contacts of these indication
storage relays can then be provided to operate different
types of recording devices. For example, in Fig. 1C,
there is shown for station 256 an analog resistance con-
trol for operating a voltage sensitive chart recorder or a
servo operated controller. Other types of recording
devices are shown in Figs. 2 and 3 where they are illus-
trated as being associated with station 347, These devices
will be more fully explained hereinafter as the description
progresses.

I shall now describe the transmission, conversion, stor-
age, and recording of a particular indication. Assume
first that the engine speed which is indicated by station
256 rises so as to change to the value 116. It is immate-
rial to the present description whether this numerical
value 116 represents the true speed in revolutions per
minute, or whether it is merely a relative indication of
the true speed of the corresponding engine, as long as
the necessary adjustments are accomplished at both the
station and the office to cause this new number to indi-
cate the equivalent speed. In any event, the change in
the rising speed to the indication 116, which is encoded
by encoder ESE into a Datex binary code, causes energy
to be now applied to terminal E2 of the encoder. The
resulting energization and pickup of relay ES2 actuates
the starting circuits of station 256 so that an indication
code is initiated and is transmitted by the code system to
the office. .

During the transmiission of this code, relay 256MSDP
picks up in a manner previously discussed. The closing
of front contacts of relay 256MSDP completes circuits
for energizing MQ relays 2, 3, 5, 6, 8, 9, and 10. The
circuit for relay MQ2, of course, is completed over
front contact a of relay ES2, which was picked up by
energy on terminal E2, and front contact b of relay
256MSDP. Reference to the code chart of Fig, 4 indi-
cates that energy also appears on terminals E3, E5, E6,
E8, B9, and E10 when the arabic number 116 is encoded.
When relay 256MSDP releases, the stick circuits for
the energized MQ relays are completed in the manner
previously described, relay 256MSP having been en-
ergized previous to the release of relay 256MSDP so
that its front contact ¢ is now closed, At the proper
time in the indication code, the energized. station MQ
relays send long code steps to the office energizing the
associated KP relays. In the present code, KP relays
1, 2,5, 6,8, 10, and 11 are energized by energy on the
corresponding channels K. For example, relay 1KP is
energized over the circuit which includes front contact
b of relay MQ9, channel X1, and the winding of relay
1KP. The energizing circuit for relay 10KP may be
traced from terminal B over front contact b of relay
MQ2, channel K10, and the winding of relay 10KP to
terminal N. The energizing circuits for the other. KP
relays energized at this time are similar and may be
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10

determined by ‘an inspection of the drawings taken in
connection with the preceding description,

The KP relays pick up progressively throughout the
indication code. However, the indication storage relays
K pick up only at the end of the indication code when
the delivery relay is energized. In the present example,
when relay 256D picks up, circuits are completed for
the X relays to be energized in accordance with the re-
ceived code as converted by the matrix established by
the contacts of the KP relays. For example, a circuit is
completed for relay ES100K, which may be traced from
terminal B over front contact a of relay 1KP, front con-
tact 4 of relay 2KP, back contact b of relay 3KP, back
contact a of relay 4KP, wire 100, front contact a of relay
256D, and the winding of relay ES100K to terminal N.
In the present example, this is the only hundreds indi-
cation relay energized as the circuits for supplying energy
to wires 200, 400, and 800 are interrupted at some point
in the contact matrix by an open front or back contact of
the KP relays. . It is thus apparent that the contact matrix
formed by contacts of relays 1XP to 4KP, inclusive, has
converted the cyclic code combination received, that is,
the four-digit code group, into a conventional four-digit
binary .code in which the output is weighted to give rela-
tive values, that is, the wire 160 has been energized so
that relay ES100K has picked up.

At this time, the first additional relay provided at the
office, the sensing relay Even is also energized in paral-
lel with relay ES100K. It is obvious that relay Even is
energized at any time that energy appears on wire 100
since the relay winding is connected directly to this wire
lead. The reference character designating this relay is
chosen to indicate that this relay is energized at any time
that an even number of the KP relays preceding it in the
relay matrix are energized. In other words, relay Even
is energized when an even number of the relays 1IKP to
4KP, inclusive, are energized. In the present example,
two of these relays, 1KP and 2KP, are energized.

Considering now the conversion of the code combina-
tion representing the tens digit, it will be apparent that
only relay ES10K should be energized. It will alsc be
noted that contacts. of the repeater relay SKPP replace
contacts of relay 8KP in the conversion matrix. This re-
beater relay may be energized by either one of the two
circuits traced from terminal B, over either front con-
tact @ of relay Even and back contact ¢ of relay 8KP,
or back contact a of relay FEven and front contact g of
relay 8KP, through the winding of relay 8KPP to termi- -
nal N. In the present translation, with both relays Even
and 8KP energized, both energizing circuits are inter-
rupted and relay 8KPP remains released. = A similar
situation would occur if both relays Even and 8KP were
released. The circuit for relay ESI0K is traced from
terminal B over front contact a of relay SKP, front con-
tact a of relay 6KP, back contact b of relay 7KP; back
contact a of relay 8KPP, wire 10, front contact ¢ of re-
lay 256D, and the winding of relay ES10K to terminal
N. When relay 256D releases, the closing of its back
contact e completes the stick circuit for relay ES10K
which also includes front contact a of the latter relay.

It is to be noted that, if the contact matrix for con-
verting the second group of four code bits into the con-
ventional binary code included contacts of relay 8KP
in the position corresponding to the contacts of relay
4KP in the hundreds translation matrix, energy would
be supplied only to relay ES80K. This circuit would ex-
tend from terminal B at front contact ¢ of relay 8KP
(assuming relay 8KP not replaced by relay 8KPP), over
front contact b of relay 5KP, back contact d' of relay
7KP, wire 80, front contact % of relay 256D, and the
winding of relay ES80K to terminal N. The previously
traced circuit for relay ES10K would be open ‘at ‘back
contact a of relay 8KP. It is thus apparent that relay
Even determines whether the code bit combination for ,
the tens digit is actually representing a true number or
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a complementary numiber. In'the present eXample; since
the hundreds digit is odd-and thus the code ‘combinations
for the tens digit are varying in ‘the reverse order, the
code combination for the tens digit represents a. com-
plementary number and a reversal of the code conver-
sion is necessary so that the weight 10 rather than the
weight 80 is selected for the conventional binary code
resulting from the conversion. The necessity for relay
Even will be further developed hereinafter.

Since enpergy is applied to wire 19 in the previously

described conversion of the code combination for the
_tens digit, the second additional relay, the sensing relay
0dd, is also energized since it is connected directly to
wire 10. The designation of this relay is intended to
indicate that it is energized when an odd number of the
preceding KP relays, that is, relays iKP to 8KP, in-
clusive, are energized. In the present exampie, relay
Odd is energized since five of these preceding KP relays,
i, 2, 5, 6, and 8, are energized.

1n the translation matrix for converting the code com-
bination representing the umit digit from the cyclic
binary code into a conventional binary code, the circuitry
has been scmewhat modified over the arrangement shown
for the tens digit. Contacts of relay Odd are included
in this matrix directly and conmtacts of relay 12KP, the
last relay in the group, are also used rather than con-
tacts of a repeater similar to relay 8KPP. Either ar-
rangement is satisfactory and results in the same con-
version. The choice lies between using an extra relay,
such as relay 8XPP, or using extra contacts on the exist-
ing relays 12KP and Odd.

The conversion of the received cyclic binary code rep-
resenting the unit digit into the weighted code resulis
in the energization of relays BES2K and ES4K. The cir-
cuit for relay ES2K may be traced from terminal B
over back contact a of relay 9KP, front contact b of
relay 10KP, front contact ¢ of relay 11KP, wire 2, front
contact k of relay 256D, and the winding of relay ES2K
to terminal N. A second circuit also is completed which
includes back contact ¢ of relay 9KP, front contact ¢
of relay 19KP, back contact ¢ of relay 12KP, and front
contact b of relay Odd to wire 2, and thence as previous-
1y traced to the winding of relay ES2K. The energizing
circuit for relay ES4K. is traced from terminal B at
front contact ¢ of relay Odd over back contact e of
relay 12KP, back contact b of relay SKP, front contact
d of relay 10XP, back contact ¢ of relay 9KP, wire 4,
front contact m of relay 256D, and the winding of relay
ES4K to terminal N. Each of the indication storage
relays is held energized by its stick circuit completed
over the back coutacts k and m of relay 256D when this
relay releases.

The closing of front contacts of relay Odd reverses
the result of the code conversion in the matrix from the
apparent numeral 3 to the numeral 6 in the weighted
output. A circuit for placing energy on wire 1 could be
traced, assuming relay Odd not used and contacts of
relay 12KP wired similar to those shown for relay 4KP,
from terminal B over back contact a of relay 9KP, front
contact b of relay 10KP, front contact b of relay 11¥XP,
back contact @ (assumed) b of relay 12KP, and thence
to wire 1. This circuit, of course, is here interrupted by
“the open back contact a of relay Odd. Under the as-
sumed condition, the previously traced energy supply to
wire 4 wouid originate at front contact ¢ of relay 12KP,
keeping in mind as an example the existing contact
matrix for the hundreds digit. The circuit would then be
interrupted at this open front contact of relay 12KP.
Since the original circuit traced to wire 2 did not inciude
contacts of either relay 12KP or relay Odd, energy
would still be present in this wire so that the total resulf
would have a weight of 3 rather than 6. Thus the use
of the sensing relay Odd determines whether the code
combination for the unit digit is representing a true or a
complementary number in accordance with whether the
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tens digit is even or odd. Allowance is made according-
ly in the conversion matrix for this difference.

It is thus apparent that the twelve code bits received in
the cyclic binary code form as registered in the KP relays
have been converted through the translation matrix in-
cluding KP relay contacts into a more conventional
binary code, also comprising twelve code bits. These
twelve bits of the conventional code are weighted to
give a relative result which may be further translated
into an arabic number. The converted code is stored
at the office in the indication storage relays which are
held energized in a combination according to the fast
code received. This information may be used to indicate
or control the station devices as desired.

The information stored in relays ES-K is translated,
as shown i Fig. 1C, into an analog recording or con-
trol through the previously mentioned analog resistance
circuit. - Under normal conditions, that is, with no in-
formation stored in this bank of relays, a zero reading is
entered into the recorder by holding energized the relays
which represent the numerals 2 and 8 in each of the
three places in the three-digit number, the present system
providing for a positive reading for the number 000, in
fact, for any numeral 0, in order to avoid a false indica-
tion in the event of 2 power failure. Under inactive condi-
tions, therefore, a circuit may be traced from the upper
terminal of the analog recorder and controller, shown con-
ventionally by the dot-dash rectangle, over front con-
tacts b, in series, of relays ESZ80K; ES89CK, ES28K,
ES80K, ES2K, and ESSK to the lower terminal of the
analog recorder and controller. When the energized
combination of the storage relays is that which was just
previcusly described as a result of the indication 116
being received from station 256, the resistance control
circuit may be traced from the upper terminal of the
recorder and comirolier over back contact b of relay
ES206K, a 100 ohm resistor whose normal shunt is now
open at back contact b of relay ES108K, back contacts
b, in series, of relays ES460K, E5868K, and ES28K, a 10
ohm résistor whose normal shunt is now open at back
contact b of relay ESIOK, back contacts b, in series, of
relays ES40K and ES80K, a 2 ohm resistor whose direct
shunt is open at back contact b of relay. ES2K, back
contact b of relay ESIK, a 4 ohm resistor whose nor-
mal shunt is open at back contact b of relay ES4K, and
back contact b of relay ESS8K to the lower terminal of
the recorder and controller. This resistance circuit is
thus weighted in order to cause the chart recorder and/or
servo operated controller to set itself accordingly to
record the reading 116 from the engine speed recorder at
station 256, and to cause the transmission of such au-
tomatic controls as necessary to vary the engine speed to
a set position. Such recording and control systems are
well known and will not be further amplified in the
present description.

I shall now assume that a rise in the air pressure occurs
at station 347 to a relative reading 051 which is encoded by
encoder APE. From a study of the code chart in Fig. 4 it
will be apparent that energy is now applied to terminal A2
of this encoder, energizing relay AP2 which picks up to
open its back contact ¢ and thereby actuate the start
circuit for station 347. The indication code is initiated
and at the proper time relay 347MSDP is energized and
picks up, closing its front contacts to complete energizing
circuits for MQ relays 1, 2, 4, 7, 8, and 9, the source of
the energy for this action being apparent from a study of
the code chart of Fig. 4. When relay 347MSDP releases
as the code progresses, the previously discussed stick cir-
cuits for these energized MQ relays are completed, the
stick circuits all including front contact a of relay
347TMSP, which is closed at this time. The further
progress of the indication code and its transmission to
the office results in the energization of KP relays 1, 7, 8,
9, 16, and 12, which pick up progressively during the
progress of the indication code.
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When relay 347D picks up, circuits are . completed

through the translation matrix for the hundreds digit to
energize relays AP200K and AP800K to provide a posi-
tively weighted reading for the zero in the hundreds posi-
tion.- The circuit for relay AP200K is traced from ter-
minal B over front contact a of relay 1KP, back contact

a of relay 2KP, back contact ¢ of relay 3KP, back con-

tact b of relay 4KP, wire 200, front contact b of relay
347D, and the winding.of relay AP200K to terminal N.
The circuit for relay AP800XK includes front contact ¢ of
relay 1KP, back contacts d of relays 2KP and 3KP, wire
800, and front contact d of relay 347D. Since there is
no energy on wire 160, relay Even is not energized at this
time.

With relay Even remaining released and relay 8KP
picked up, one of the previously traced circuits is com-
pleted for energizing relay 8KPP which picks up to close
its front contacts. Circuits are now completed for ener-
gizing relays AP10K and AP40K. The circuit for the first
of these relays extends from terminal B over back contact
a of relay 5KP, back contact b of relay 6KP, front con-
tact a of relay 7KP, front contact a of relay 8KPP, wire
10, and front contact e of relay 347D through the wind-
ing of relay AP10K to terminal N. Energy is placed on
wire 40, to energize relay AP40K over front contact g
of relay 347D, by a circuit including front contact d of
relay 7KP, back contact d of relay 6KP, and back contact
¢ of relay SKP. Since energy is present on wire 10, relay
0dd is also energized and picks up at this time.

‘Although the cyclic code combination representing the
units digit as received appears to indicate a numeral 8§,
the energized condition of relay Odd indicates that the
code combination represents a complementary number
and the translation matrix is modified so that energy is
present only on wire 1, the circuit for wire 8 being inter-
rupted at back contact ¢ of relay Odd. The circuit for
wire 1 extends then from terminal B over front contact a
of relay 9KP, front contact a of relay 10KP, back contact
b of relay 11KP, and front contacts g, in series, of relays
12KP and Odd, and from wire 1 over front contact j of
relay 347D through the winding of relay APIK to termi-
nal N.  When relay 347D releases at the end of the indi-
cation. code, the closing of its back contacts completes
stick circuits for the already energized indication storage
relays so that they are retained energized.

As another example, it is assumed that the relative air
pressure reading is 248, having fallen to this relative level
from some higher level so as to initiate the transmission
of an indication code by energizing relay AP2. From Fig.
4, it is obvious that MQ relays 1, 2, 4, 7, and 10 will be
energized so that, at the office, KP relays 2, 7,9, 10, and
12 are energized upon receipt of the indication code.
With only relay 2KP energized in the first group, a cir-
cuit is completed, which includes back contact a of relay
1KP, front contact b of relay 2KP, back contact ¢ of re-
lay 3KP, back contact b of relay 4KP, wire 200, and front
contact b of relay 347D, to energize relay AP200K. In
this example, only this relay in the hundreds digit group
is energized and relay Even likewise remains released.

With only relay 7KP energized in the second group a
circuit is completed for energizing only relay AP40K. It
is. to be noted that with relay Even and 8KP both re-
leased, relay 8KPP likewise remains deenergized. The
single circuit completed may be traced from terminal B
over front contact d of relay 7KP, back contact d of re-
lay 6KP, back contact ¢ of relay 5KP, wire 40, front
contact g of relay 347D, and the winding of relay AP40K
to terminal N. With no energy on wire 10, relay Odd
remains deenergized and released. In the units group,
the only circuit completed includes back contact ¢ of relay
0dd, front contact e of relay 12KP, front contact b of
relay 9KP, and back contact 4 of relay 11KP, and thence
over wire 8 and front contact n of relay 347D to relay
APSK. As a result of the code conversion, relays
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AP200K, AP40K, and APSK are energized and remain
energized at the completion of the code when their stick
circuits are completed over back contacts b, g, and n,
respectively, of relay 347D. It is to be noted in this last
example that since the hundreds and the tens digits were
both even numbers, both relays Even and Odd remained
released so that each of the four-bit code groups were
translated as representing true numbers.

I shall now discuss two other specific types of readout
circuits which may be used in place of the circuit shown
in Fig. 1C in connection with station 256. -Referring to
Fig. 2, there is shown a circuit for lighting a visual or
lamp display which represents one numerical digit hav-
ing a value between 0 and 9. This same circuit may be
used for operating a single wire, solenoid type electric
typewriter if the lamps shown are each replaced by a
solenoid.. It is to be noted that, in all of these readout
circuits, the numeral 0 is given a positive indication by
assigning to it a weighted value of 8 plus 2. In Fig. 2,
the four relays shown are the same as the indication stor-
age relays of Fig. 1C, associated with station.347, for
the storage of the converted code for the unit digit. Thus
the operation or control of these relays has already been
discussed.

Assuming that there is stored in this relay group the
conventional binary code combination representing the
unit digit 8, such as has been discussed in the last pre-
ceding example above, relay AP8K only is energized.
The readout circuit for lighting lamp 8 in order to
indicate this unit digit may then be traced from terminal
B over front contact b of relay AP8K, back contact b of
relay AP2K, back contact b of relay APIK, and lamp
unit 8 to terminal N. Thus the weighted code combina-
tion stored in the storage indication relays is read out
to provide a visual indication of the numeral 8 as part
of the original information, from the field station. hav-
ing a value of 248. If the storage relays shown in Fig. 2
are assumed to be storing the code combination for the
hundreds digit of this same indication, so that only relay
AP2K is energized, a circuit for energizing lamp unit 2
may be traced from terminal B over back contact b of
relay AP8K, front contact ¢ of relay AP2K, back contact
¢ of relay AP1K, back contact ¢ of relay AP4K, and lamp
unit 2 to terminal N. A similar circuit could be traced
for the digit 4 which is stored in the tens digit group of
relays. It is apparent, therefore, that a readout circust
as shown in Fig. 2 would be required for each of the
three digits comprising the information originating at the
field station 347, that is, in the present example, the num-
ber 248.  Proper coordination between the three circuit
arrangements for the readout of the three figures would be
required if the circuit is used for the operation of a single
wire, solenoid type electric typewriter. However; such
circuits and control are well known and are not shown
in Fig. 2.

Referring now to Fig. 3, there is shown a five-wire
circuit for reading out one numerical digit having a value
between 0 and 9 to control a five-wire electric typewriter,
for direct Teletype transmission, or into tape punching
apparatus. Again, the four relays shown are the indica-
tion storage relays from Fig. 1C associated with station
347 which store the code combination indicating the unit
digit of the received information. Assuming again that
there is stored in these relays the converted code com-
bination representing the unit digit 8, circuits are com-
pleted for energizing terminals 2 and 3 at the right-hand
side of the figure. The five terminals shown lead through
the control circuits for the five-wire electric typewriter or
into the Teletype transmission circuits. These details are
not shown as they are well known and are unnecessary
for an understanding of the apparatus and circuit ar-
rangements of my invention. The circuit for energizing
terminal 3 may be traced from terminal B at back con-
tact e of relay AP1K over front contact 4 of relay APS8K
to terminal 3. A second circuit is traced from terminal
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B over back contacts ¢ of relays APIK and AP4K to ter-
minal 2, terminals 2 and 3 being the only two terminals
supplied with energy for the digit 8.

It is to be noted that, under the normal conditions
shown, relays AP2K and AP8K are energized to store the
numeral § which is then read out info the recording ap-
paratus. The same circuit over back contacts ¢ of relays
APIK and AP4K exists for energizing terminal 2. Like-
wise, the circuit previously traced for terminal 3 is also
completed. In addition, a circuit is completed for sup-
plying energy to terminal 8, which circuit miay be traced
from terminal B over back contact ¢ of relay APIK and
front contact e of relay AP2K to terminal 5.

If, as was previously discussed, the number 051 has
been transmitied from station 347 to the ofiice so that,
in the unit storage relays shown, relay AP1K is energized,
circuits are completed for energizing terminals 1, 2, 3,
and 5. The first of these circuits may be traced from
terminal B over back contacts b of relays AP4K and
APBK to terminal 1. Terminal 2 receives energy ifrem
the local source over the circuit including back contact b
of relay AP2K, back contact ¢ of relay APSK, front con-
tact ¢ of relay APIK, and back contact ¢ of relay AP4K.
The circuit for terminal 3 is traced from terminal B at
front contact d of relay AP1K, over back contact d of
relay AP4K, back contact ¢ of relay AP2K, and back
contact d of relay APSK to terminal 3. A circuit ex-
tending from terminal B over front contact ¢ of relay
APIK and back contact ¢ of AP2K piaces energy on
terminal 5. Circuits for other numbers between 0 and 9
may be iraced as desired but it is felt to be unnecessary
to further describe this circuit arrangement herein. It is
to be noted that similar arrangements would be required
for the indication storage relay groups for the hundreds
and tens digits with the necessary coordination controls
to provide a proper sequence of readout into the electric
typewriter or teletype transmission circuits.

The circuit arrangement and apparatus of my inven-
tion described in the preceding paragraphs thus provide
a code converter by which a cyclic binary decimal code
received at an office from any one of a plurality of sta-
tions may be converted through a single tramslation
matrix intc a decimal binary code. Weighted values may
then be given to the various code digits of the latter
form to allow for simple and effective readout in either
digital or analog form. The use of a cyclic binary deci-
mal code for transmitting information from the stations
avoids ambiguity since, of the twelve code bits represent-
ing the three digit number, only one code bit changes
for each successive number change. In addition, the
minimum number of code steps in the remote code system
are required to transmit such a cyclic code in its original
state from the field station to the office. It was shown
that only twelve code steps were required for a three-digit
number. This is a distinct advantage in reducing the
time necessary for the transmission of a particular indica-
tion. When several stations are located at a single field
installation, only one set of readout relays is required for
the several encoders to provide character to all the indica-
tion codes from that location. Also, at the office, only
one set of receiving relays and one converting or transiat-
ing matrix is required for all of the stations to convert
the cyclic binary code intc the weighted binary code.
The preceding two factors are a distinct advantage in
reducing the amount of apparatus necessary for the over-
all indication system and for simplifving the circuit ar-
rangements required. It has already been mentioned that,
from the final storage relays in which is stored the
weighted decimal binary code, output or readeut circuits
can be provided in either digital or analog form, so
that the various types of information received from the
several stations may be recorded in the most applicable
manner and form desired.

Although 1 have herein shown and described but one
form of code converter embodying the arrangement of my
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invention, it is to be understood that various modifica-
tions may be made therein within the scope of the ap-
pended claims without departing from the spirit and scope
of my invention.

Having thus described by invention, what I claim is:

1. An indication system to transmit information from
a plurality of remote stations to a central recording
office comprising, encoding means at each station to en-
code the information into a cyclic binary code form
having a selected plurality of code digits, said cyclic
code form changing in accordance a fixed operating
cycle, a communication system having at least one chan-
nel for each code digit and including transmitting means
associated with each station to transmit the cyclic codes
over said systems to said office, a single group. of receiv-
ing relays at said office including one relay to receive
each cyclic code digit, said .relays being energized in
selected combinations according to the combination of
code digits received; a single code conversion circuit ar-
rangement at said office including contacts of said receiv-
ing relays, a plurality of output leads, and a sensing
relay means; said conversion circuit arrangement being
selectively responsive to each energized combination of
said receiving relays to translate the corresponding re-
ceived cyclic code into an arithmetic binary code form
and to energize said output leads in a selected combina-
tion in accordance with the tranmslated code form, said
sensing relay means being responsive to the energized
combination of said receiving relays to determine the
position of the corresponding cyclic code in said operat-
ing cycle and to modify the response of said conversion
circuit in accordance with that position so that the re-
sulting translated code form represents a true number,
and a storage means responsive to the transmission of
a code from a particular station and to the energized
combination of said output leads to store separately in
said arithmetic binary form the information from that
particular station,

2. A code converter system to translate coded three
digit numerical information from a cyclic binary form
into a weighted decimal binary form comprising: a. given
number of receiving relays to receive the coded informa-
tion in said cyclic binary code form, said relays being
divided into a first, a second, and a third group to rep-
resent a first, a second, and a third digit respectively of
said three digit information, each relay group being
energized in a selected cyclic combination. according to
the particular digital information received, each cyclic
combination according to its position in the code cycle
representing the true value or the complementary value
of the corresponding digit; a given number of output
wires energized in selected combinations to transmit said
particular information in said weighted binary code
form, said output wires being divided into a first, a
second, and a third group representing said first, second,
and third digits respectively; a code translation matrix
formed of contacts of said receiving relays and includ-
ing a first and a second sensing relay, said matrix having
a first circuit arrangement including contacts of said
first relay group, said first circuit arrangement being
effective to energize said first group of output wires in
a weighted code combination corresponding to the first
digit as represented by the energized cyclic combina-
tion of said first relay group, said first circuit arrange-
ment being further effective to energize said first sensing
relay if an even number of said first group of relays is
energized, said matrix having a second circuit arrange-
ment including contacts of said second relay group and
of said first sensing relay, said second circuit arrange-
ment being effective to energize said second output wire
group in a weighted code combination corresponding to
the second digit as represented by the energized cyclic
combination of said second relay group, said first sensing
relay contacts modifying the energized combination of
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said second wire group to represent only the true value
of said second digit according as said first sensing relay
is energized or deenergized, said second circuit being
further effective to energize said second sensing relay
if an odd number of all of said receiving relays of said
first and said second relay groups is energized; said
matrix further having a third circuit arrangement includ-
ing contacts of said third relay group and of said second
sensing relay, said third circuit being effective to ener-
gize said third output wire -group in a weighted code
combination corresponding to said third digit as repre-
sented by the emergized combination of said third relay
group, said second sensing relay contacts modifying the
energized combination of said third wire group to rep-
resent only the true value of said third digit according
as said second sensing relay is energized or deenergized,

3. A code converter system to translate three digit
numerical information encoded in a cyclic binary form
into a weighted decimal binary form comprising: a given
number of receiving relays to receive the coded informa-
tion in said cyclic binary code form, said relays being
divided into a first, a second, and a third group to rep-
resent a first, a second, and a third digit respectively
of said three digit information, each relay group being
energized in a selected cyclic combination according to
the particular digital information received, said second
and said third digital combinations representing a true
number of a first or a second level according as the true
value of the preceding digit is an even or an odd num-
ber; a given number of output wires energized in se-
lected combinations to transmit said particular informa-
tion in said weighted binary code form, said output
wires being divided into a first, a second, and a third
group representing said first, second, and third digits
respectively; a code translation matrix formed of con-
tacts of said receiving relays and including a first and
a second sensing relay, said matrix having a first circuit
arrangement including contacts of said first relay group,
said first circuit arrangement being effective to energize
said first group of output wires in a weighted code com-
bination corresponding to the first digit as represented
by the energized cyclic combination of said first relay
group, said first circuit arrangement being further effec-
tive to energize said first sensing relay if the true value
of the first digit is an odd number, said matrix having
a second circuit arrangement including contacts of said
second relay group and of said first sensing relay, said
second circuit arrangement being effective to encrgize
said second wire group in a weighted code combination
corresponding to the second digit as represented by said
energized cyclic combination of said second relay group,
said first sensing relay contacts determining said second
digit to be of said first or said second level according
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as said first sensing relay is energized or deenergized,
said second circnit being further effective to energize
said second sensing relay if the true value of the second
digit is an odd number; said matrix further having a
third circuit arrangement including contacts of said third
relay group and of said second sensing relay, said third
circuit being effective to energize: said third wire group
in a weighted code combination corresponding to said
third digit as represented by the emergized combination
of said third relay group, said second sensing relay
contacts defermining the third digit to be of said first
or said second level according as said second sensing
relay is energized or deenergized.

4. A code converter circuit arrangement to convert
numerical indication codes from cyclic binary form into
decimal binary form, said cyclic binary form compris-
ing a plurality of code bits having a cyclic relationship,
a particular cyclic code representing a true or comple-
mentary number value according to its place in the
code cycle, said decimal binary form comprising a sim-
ilar number of code bits having an additive relationship
to designate the numerical indication carried, said cir-
cuit arrangement comprising a plurality of receiving re-
lays one for each code bit of said cyclic code form, said
receiving relays being energized in a selected cyclic com-
bination to receive a particular indication code, a sens-
ing relay controlled by said receiving relays and ener-
gized only when said cyclic code is within a predeter-
mined portion of the code cycle, a translation matrix
including front and back contacts of said receiving relays
and said sensing relay and effective to convert an indi-
cation code from its cyclic binary form only into the
equivalent decimal binary form representing the true
number value of the indication, and a plurality of out-
put leads one for each code bit of said decimal binary
form having connections to said matrix to receive the
code bits of the converted code.

References Cited in the file of this patent
UNITED STATES PATENTS

2,147,656 Krum Feb. 21, 1939
2,444,042 Hartley oo June 29, 1948
2,679,644 Lippel - May 25, 1954
2,685,084 Lippel c oo July 27, 1954
2,714,204 Lippel e July 26, 1955
2,839,740 Haanstra e June 17, 1958
2,860,327 Campbell . Nov. 11, 1958
2,872,114 Wilson e Feb. 3, 1959
2,876,444 Moss Mar. 3, 1959

OTHER REFERENCES

Publication cited: “IRE Transactions-Electronic Com-
puters,” December 1954 (pp. 1-6).



