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5 Claims. (Cl. 340—163)

- Our -invention relates 'to a remote control system.
More particularly, our.invention relates to a' remote con-
trol system in which the proper transmission of control
functions is checked at the office.

The' general system .of the present invention is. of the
time’ code type employing codes of long and short ele-
ments which are transmitted over a communication chan-
nel.: For example, the general system of this invention
may be that disclosed in Letters Patent of the United
States No. 2,442,603, issued June 1, 1948 to Arthur P.
Jackel, for a Remote Control System.

In applying remote control systems of this -type to .
varied kinds of installations, special problems frequently -

arise. 'One such problem is to assure that each con-
trol step is received properly at the -station before
the control functions are registered and act to accom-
plish the corresponding operation of the apparatus at
that station. In other words, a check must be made, at
the office or control location, that no line interruptions
or erroneous pulses have distorted the code. ‘Since the
communication channel between the office and the sta-
tion or stations may be a direct current line circuit or a
carrier channel of any well known type, these interrup-
tions or erroneous pulses are a matter of some concern.
Such erroneous action may cause the registry of false
controls or at least improper controls which result in
actions at the station which are, at a minimum, not those
designated and which may be very undesirable. Thus
the check provided at the office to assure that the con-
trol functions -are properly received at the station must
be capable of halting the code or at least preventing its
registry at the selected station.- Since remote control
systems of this general type may have progressive reg-
istry of the control functions, an instantaneous check as
to the correct reception of the control code and’ provi-
sions for immediately preventing the registry of false
control functions are' necessary.

Accordingly, an object of our invention is to provide,
in a remote control system of this type, means to check
the transmission of control codes to assure thelr proper
reception at the stations.

Another object” of our invention is to provide, in a
remote control system, answer-back facilities from sta-
tions to the control office which indicate the proper re-
ception of control codes during the progress of the code.

It is also an object of our invention to provide means
at the control location in such a system to prevent the
registry of improper control functions at the stations.

Still another object of our invention is to provide means
at the office of remote control system, responsive to
answer-back indications of the improper reception of a
control code at a station, to halt that control code dur-
ing its transmission.

A further object of our invention is to prov1de an ar-
rangement in a remote control system to prevent the
registry of improper control functions if a control code
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is distorted by interruptions on the commumcatxon
channel.

Other objects and features of our 1nventxon will be
obvious as the speclﬁcatxon progresses when taken w1th
respect to the accompanying drawings.

In practlcmg our invention, we provide means at each
station in a remote control system to retransmit back
to the control or office location each control code- step
as it is received. This retransmitted code step may be
a regular code step transmitted over the indication chan-
nel if such a separate channel is in use, or the retrans-
mitted code step may be a code pulse on the simplex
communication -channel superimposed upon the corre-
sponding control pulse or code step. This retransmitted
or answer-back pulse is received at the office nearly si-
multaneously with the transmission of the correspond-
ing control step. The proper reception of this answer-
back pulse holds energized a code disagreement relay
to allow’ the control code transmission to continue. If
no answer-back pulse or an out-of-synchronism pulse is
received at the office, this code disagreement relay is
released and immediately causes the coding action to
halt. Depending upon the details of the system involved,
the control code may be halted immediately, that is,
upon the existing code step and the system reset to
normal., In other cases, the code may be halted only
on an odd numbered code step and the system- reset then
to normal. In either case, the registry of improper. con-
trol functions at the selected station is prevented and
the effect on the system of communication channel inter-
ruptions or extraneous pulses is minimized.

We shall now describe two forms of apparatus embody-
ing our invention and thereafter point out the novel fea-
tures thereof in the appended claims.

Referring now to the drawings, :

Fig, 1 shows one form of apparatus: embodymg our
invention as applied to'a remote control system in which
carrier communication channels are used.

In Fig. 2, the form of our invention of F1g 1 is shown
applied to a remote control installation using a direct
current line circuit.

In Fig. 3 of the drawings, a second form of the ap-
paratus embodying our invention is shown which may
be used under certain specialized operating conditions.
In this drawing, the remote control system as shown
utilizes a carrier communication channel.

Fig. 4 of the drawings shows the application of the
second form of our invention to a remote control system
using a direct current line circuit.

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

1t is to be pointed out at this time that a suitable local
source of direct current energy is provided at each office
and station location shown in the drawings, this power
source being. preferably a battery of proper voltage and
capacity.. However, for the sake of simplicity, these

‘power sources are not shown in the drawings, their posi-

tive and negative terminals being identified by the con-
ventional reference characters B and N, respectively.” In
all figures of the drawings, the movable portion of each
neutral relay contact is conventionally illustrated to move
up when the corresponding relay winding is energized.
In other words, regardless of whether the contact is above
or below the winding symbol in the drawing, the upper
stationary contact point is the front contact and con-
versely the lower is the back contact.

In Fig. 1, there is shown a single station, remote control
system of a well known type which includes apparatus
embodying the features of our invention. In Fig. 1,the
office or control location is shown at the left of the
ing with the single station at the right, HoweVer,
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here-noted that our invention is not limited to such single
station systems but may be applied to remote control sys-
tems having a plurality of stations. Also, while in this
present application the-answer<back facilities are shown as
being applied from the station to the office to cheek -the
transmissiony-and reception -of :conttol codes, -t is to be
farther iinderstood that -the system “6f-our-invention may
be applied to prowde answer-back facilities from-an-of-
fice ‘to-the ‘various-stations to-check:the transmission and
Feception iof indication codes, especially where such codes
Anay -cairy -detailed information -or-data which must be
properly:-recorded to-be of value.

«As shown in-Fig. 1, the office-and station are connected
hy -a’earrier communication-channel, “This carrier-chan-
nelmay beof any well known type-and is-shown as bemg
of -a-duplex -nature havmg two undirectional carrier -cir-
cuifs. ‘The first carrier-circuit -is -from. the -office :to. the
Station,-that i, Jeft -to right,-and the second from:the sta-
tion-to the oﬁice, that is, nght toleft. The first circuit-uti-
lizes -a- carrier .current havmg a-frequency F1, whxle the
'second-carrier circuit utilizes'a-similar carrier current. hav-
ng a frequency F2. Carrier current of frequency Flis
produced in-carrier transmitter F1 and is-received by the
F1 carrier receiver -at the-station. Slmﬂarly, carrier cur-
rent of frequency F2 is. produced by-the- B2 carrier trans-
mitter-at the station :and is received-by the-F2 carrier re-
ceiver:at the-office. -Both-carrier currents are normally on
during the -at-rest -condition -of the-system. The carrier
circuits -may-be-superposed -on physwal line circuits-nor-
snally used for-other types of communication or may be
carried -by-radio or-microwave channels. Details of the
‘catrier transmitters,-receivers, and the channels used are
herein shown conventionally, as they are not part of our
invention, such:apparatus being well known to the art and
any one of several different types may be used with the
system.

The office locatxon is prov1ded with an office coding unit
shown conventionaily by the dot-dash box designated
-OCU. - The system of out-invention is applicable to -any
of several well known types of time code remote control
systems. For example, the basic system used may be
that shown in the previously mentioned Patent 2,442; 603
-or it may be similar to the system shown i in the instruc-
tion pamphlet Manual No. 510 entitled, “Time Code Con-
trol System,” published by the Union Switch &-Signal,
Division.of Westinghouse Air Brake Company, in ‘Novem-
ber 1944, Since the- basic remote control apparatus is
shown in detail in these publications,-only such- details of
the basic system are herein shown a5 are necessary for an
understanding of ¢ur invention, reference-being made ‘to
the . prevmusly ‘mentioned publicationis Tor a complete
‘déscription of the operation of the-coding unifs.

The codmg unit OCU includes a méster relay. OM
“which is  eneigized dirfing a’ ¢ofitrol .code in the ‘manner
-showninthe previously méntioned publlcatlons It is
sufficient ‘Here to- understand ‘that relay OM 1S energlzed
‘anid pleks iip to initiate a-contiol code. This relay is
then held energrzed ‘during the entire conitrol code, releas-
ing dufing the final code step. Figtther, relay OM is not
“enérgized and-remains reléased:during indication codes.
The office Jocation is also supplied Wwith-a master relay
fepedter relay MP, which-is energized from tefminal B of
the source-through front contact-¢ of relay OM and the
wmdmg of relay MP ‘to ‘terminal N. Relay MP" thus

picks. up and Témains up durmg an entire control code.

“Unit"OCU s also provided with. two ‘transmitter relays
01T and 02T.  Bach of ‘these relays is of a slow release
“type and its release is further retarded by ‘the use -of a
fectifier saub. An energizing circuit’ for reldy 01T is
completed over front contact a of relay OM at the begin-
ning of a conttol ‘code, this_pickup circuit also mcludmg
back. contact-b of relay 02T. -Relay 02T is energized by
a circuit which is completed from-terminal B over front
contact b of rélay OM, front contact ¢ of relay 01T, and
‘the. winding of reldy GZT to terminal “N. “Each of ‘the
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- 4
transmitter relays has one or more stick circuits completed
over front contacts of the correspondmg relay. These
stick circuits, as well as the.initial energizing circuit for
relay 01T, are shown in detail in the previously men-
tioned Patent 2,442,603 and need not be further discussed
herein.

Briefly rev1ewmg, the character of each transmitted im-
pulse or code ‘step- is ‘determined by the intérval of time
during which transmitted relay 01T .is either picked up
orreleased. Itiis to-benoted that this relay is: :alternately
picked up and.released to produce the short code :steps
by back contacts of the odd numbered counting ‘chain
relays of the coding unit. Relay 02T is picked up each
time relay ¢1T ‘picks up to Close its front contact ¢. It
is obvious that relay 84T cannot pick up, however, until
relay 02T has released, and thus the even numbered short
code steps are controlled by the release time of relay
82T. ‘When an odd numbered code ‘step ‘is-to be long,
relay #1T dis held -energizéd by ‘energy -over-one of its
stick -circuits : from-the: control function: corntact assigned
to that particular code step. -Likewise, -when -an-even
numbered code step:is to- be-long, relay 02T is held ener-
gized-over -its stick circuit-by -enetgy from the-control
function contact assigned to-that-code -step. Thus-the
charactertistics of -control code are determined by the op-
<€ration of these two transmitter ‘relays.

In the system-of -our .inventien, -each of these trans-
mitter relays is provided:with-an additional stick circuit.
For example, relay- 821 may.be held energized by a cir-
cujt-from terminal B over back contact b of code ‘dis-
agreement relay CD,.front contact ¢, and. the winding of
relay 62T to ferminal N. Likewise, a similar circuit:for
relay- 01T includes back contact.-c of relay ‘CD -and front
contacts-g-and -b of relay 04T, The-use -of these:special
stick: circuits- will be discussed-more fully hereinafter.

The office is-also-supplied-with-a line relay OR which
is of the biased -type as.indicated by the arrow shown in-
side -the -symbol for.the relay winding. ‘This relay, as
well as other similar relays shown, picks-up to close front
contacts only when energized-by- current flowing in-the
direction of the -arrow. Relay OR repeats the code
.pulses received-over the communication channel. or.gen-
erated locally _Durmg indication codes, for example,
this relay is energized -at times-by the circuit traced from
terminal B.-over front contact-b-of office carrier re-
ceiver relay OC, .back contact b of relay MP, and -the

_winding of relay OR -to-terminal N. .Flow -of .current

in this circuit is-in the ~proper direction- to «cause the
-reldy contacts to be p1cked up -closing - front contacts
a and-b. When relay OC releases, the -opening .of_its
front contact b releases relay OR and the contacts .of
‘this relay are released to close back contacts a and b.
Daring cortrol codes, however, relay OR ‘is controlled
by a circuit ihcluding ‘back contact d of relay- 01T and
front contact b.of relay MP, so ihat relay ‘OR 'is.op-

-erated ‘to ‘follow the code produced by the contacts of

relay O0IT. “In “eithetr case, the ultimate operation of

“¢ofitacts ‘g and b of relay OR bétween their front and

back positions drives the timing and counting chain relays
of ‘coding ugit OCU. This causes the code to progress
as'described in ‘the various metitiched pubhcatlons Dur-
ing coritrol codss, this dperation of rélay OR is necessary
to. properly. produce. the code.

"The office is futther provided “with a carrier transmit-
ter relay “TC. “This reldy is controlled direcfly by “first
transmitter relay 01T over a circuit including ‘back con-
tact e of the latter reldy. It is to be seen, therefore, that
relay “TC is noriinally energized 4iid becomes deenergized
to-release its coiitacts When teldy ‘01T picks up. ~Tn other
words, relay ‘TC is teleased during odd nuinibéred code
steps and is energized and picks up du¥ing even hum-
bered code steps. FEach release of relay TC suppresses
‘the control carrier curreht of frequeiicy F1 by shiunting
fhe carfier “transmiitter st its buck cotitact b. Each sup-
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pression of the control carrier creafes or transmits an
odd numbered code step. - : S
At the office, another relay MCP is used 1o repeat the
. operation of relays OM and ‘OC. The circuit for ener-
gizing relay MCP may be traced -from.terminal ‘B over
back contact b of relay OC, front contact a of relay MP,
and the winding of relay MCP to terminal N. It is to be
seen, therefore, that relay MCP follows the coded op-
eration of relay OC only when relay MP is picked up,
that is, during a control code. As will appear shortly,
relay MCP is thus picked up during each odd numbered
step of a control code and is released during even num-

bered code steps.

A code disagreement relay CD is also included in the
circuit' arrangement at the office. This relay is normal-
ly energized over back contact ¢ of relay OM. Thus
during reception of an indication code at the office, relay
CD is continuously. energized since relay OM remains
released. During control codes, with back contact ¢
of relay OM open, relay CD is held energized over one
or the other of its two stick circuits. The first' of these
stick circuits may be traced from terminal B over front
contacts a of relays TC, OC, and CD, and the winding
of relay CD to terminal N. The second stick circuit is
similar but includes back contacts a of relays TC and OC.
Relay. CD.is an ordinary acting relay, but is provided
with a retardation circuit arrangement which slows the
release of this relay under certain conditions, as will be
explained shortly. . The first retardation circuit may be
traced from terminal N through the half-wave rectifier
unit Q1 in its forward direction over back contact a
of relay- MCP, front contact a of relay OC, front con-
tact a, and the winding of relay CD to terminal N. The
second and similar retardation circuit includes rectifier
Q1, front contact a of relay MCP, and back contact g
of relay ‘OC, as well as front contact ¢ and the winding
of relay CD.

The previously mentioned office carrier receiver relay
OC is of the biased type and is normally energized by the
F2 carrier current receiver as long as carrier current of
frequency F2 is being received from the station. At any
time that this carrier current is suppressed, relay OC is
deenergized and quickly releases.

* The station location is also supplied with a station cod-

ing unit. = This coding unit is similar to the office coding 4

unit OCU and thus is completely described in either of
the previously mentioned publications. It is herein
shown - conventionally by the dot-dashbox designated
SCU, and only the first transmitter relay FIT and its
single back contact’ ¢ are shown. The utility of this
back contact a will appear shortly.

The station is also provided with a carrier receiver
relay FC which is normally energized by the F1 car-
rier current receiver, over back contact @ of relay FIT,
as long as carrier current of frequency Fi is being
received from the office. Back contact a of relay FC,
when the relay is released, suppresses the F2 carrier
current transmitter to halt the transmission of carrier
current of this frequency. Front contact b of relay FC
drives a field line relay FR to follow the coding action
of relay FC. Relay FR in turn, through its contacts
a and b, drives coding unit SCU to receive the control
codes in a manner completely described in detail in the
previously mentioned publications.

. During the transmission of indication codes, relay F1T
operates in the manner usual to such systems to trans-
mit the code. Relay FIT controls relay FC during the

transmission of indication codes through its back contact

a, relay FC being deenergized when this back contact
'is open. Relay FC then releases and suppresses the
carrier current of frequency F2 by shunting the trans-
mitter F2 during the odd numbered code steps. Release
.of relay FC during indication codes also releases relay
FR -and the code following operation of this latter relay
.to alternately operate its contacts a and b between their
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front and back positions drives the timing and counting
relay chains of coding unit SCU to produce the indica
tion code in the usual manner of such systems. . :

We shall now describe the operation of the apparatus
during the transmission of a-control code from the office.
In the at-rest condition of the -apparatus, relays OR,
OC, CD, TC, FC, and FR- are energized so that these
relays are picked up with front contacts closed.. When '
the operator at the office initiates a control code, relay
OM is energized and picks up. ~As previously explained,
this immediately results in the energization of repeater
relay MP which also picks up closing its front con-
tacts. The opening of back contact ¢. of relay- OM
interrupts the energizing circuit for relay. CD. How-
ever, at this moment, the first stick circuit for this relay
is still complete, this circuit including front contacts
a of relays TC and OC. The opening of back contact
b and the closing of the correspending front contact of
relay MP transfers the control of relay OR from relay
OC to relay 1T over.back contact d of this latter relay.

The pickup of relay OM, thus closing its front contact
a, completes the energizing circuit for relay 01T, as is
more fully explained in either- of the previously men-
tioned publications. ~ Relay 61T then picks-up to start
the first step of the control code. The opening of back
contact d of relay 01T deenergizes relay OR and, since
this relay is of the biased type, it immediately releases
to close its back contacts. The opening of back con-
tact e of relay 0T deenergizes relay TC which shortly
releases. The closing of back contact b of relay TC
suppresses the F1 carrier current transmitter halting the
transmission of current of this frequency over the com-
munication channel. This causes the deenergization of
relay FC at the station and this biased relay immediately
releases to close its back contacts and open its front
contacts. - The release of ‘relay FC, opening its front
contact b, deenergizes relay FR at the station and this
latter relay also immediately releases.

The closing of front contact ¢ of relay ¢1T at the
start of the first code step completes the energizing cir-
cuit for relay 02T, this circuit also including front con-
tact b of relay OM. Relay 02T thus picks up and at
its own front contact a completes a ‘stick circuit. - The
opening of back contact b of relay 02T interrupts the
energizing circuit for relay 01T. At the proper time,
relay 01T is deenergized by the opening of its stick
circuit. network in the progress' of the coding  action.
Relay 1T, when thus deenergized, releases after its slow

‘release period and reenergizes relays OR and TC in an

obvious manner. Relay OR immediately picks up to
drive the office coding unit OCU to progress the code
to the second code step. When relay TC picks up, the
opening of its back contact b removes the shunt from
transmitter F1 and allows the transmission of carrier
current of frequency F1 to resume. This energizes relay
FC at the station since relay FiT at that location is

.released. - The energization of relay FC is followed by

the reenergizing of relay FR which picks up to receive
the second code step. The coding action continues with
relay @1T picking up and releasing to drive the office

-coding unit through relay OR to drive the field cod-

ing unit SCU through ‘the carrier channel and. relays
FC and FR. Relay 02T also picks up and releases dur-
ing the coding action to control the lerigth of the even
numbered code steps under the supervision of relay 01T.

- This action is completely described in the previously

70

75

mentioned publications and is here reviewed briefly only
to establish a basis for the operation of the circuits of
our invention. B ’
Each time relay FC releases due to the suppression
of carrier current of frequency F1 by relay TC releasing
at the office, back contact @ of relay FC shunts the
carrier current transmitter F2 causing the suppression of
carrier' current of this frequency and halting its trans-
mission over the communication channel to the: office
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lovation. The absence ‘of the carrier current F2:at the
office: deenergtzes selay ‘OC- and ‘this ‘relay, being of the
biased type, immediately. releases. It-is to be.noted here
that this release of relay OC follows the release of relay
TC:as controlled by office transmitter. relay. 01T by. only
a ‘short -period, the delay being due only to the time
necessary for the round . trip of the carrier current, or
in-this case its suppression, from the office to the station
and back. The release of relay OC to-close its back con-
tact -b-energizes relay MCP by: completing the energizing
circuit - including - back ‘contact b of relay OC and front
contact a:-of relay MP, the latter contact, of course, be-
ing closed at this time ‘due 'to the transmission of the
control code.

When rélay TC initially releases at the beginning of
the first code step, the opening: of front contact a of this
relay interrupts the.stick circuit for relay CD. How-
ever, -the release of relay CD is retarded by a shunt
provided by rectifier Q1, the shunting circuit including
back: contact a of relay MCP and front contacts a2 of

<

10

15

relays OC and CD. When relay OC releases shortly -

thereafter, due to the suppression of the indication car-
rier -current from the station, the closing of its back
contact a completes the second stick circuit for relay
CD, this. circuit including back. contacts @ of relays TC
and- OC - as previously explained. This -stick ‘circuit ‘is
completed “prior to the release of relay CD which, as
explained, was retarded somewhat by rectifier Q1 shunted
around the winding of the relay. Thus relay CD 'is

reenergized and holds its front contacts closed, or back 3

contacts ‘open, during this norinal coding action. The
pickup -of relay MCP upon the release of relay OC com-
pletes the second shunt circuit for relay CD. This sec-
ond:shunt circuit, as explained, includes back contact a

of relay OC and front contact @ of relay MCP. The ¢

opening- of back contact ¢ of relay MCP during this. ac-
tion interrupts the first shunt circuit which initially re-
tarded the release of'relay CD.

"When relay-TC picks up at the beginning of the second

.code step the second stick circuit for relay CD is interrupt- ¢

ed.at the back contact.a of relay TC. However, the second
shunting circuit above traced retards the release of relay
CD for:ashort period. As previously explained, the pick-
up of relay TC to open its back contact & removes the
shint from ‘the control carrier transmitter and this results
inithe energization -of relay FC at. the station. Opening
of back contact-a of relay FC-removes the shunt from
the indication carrier transmitter and as a result: relay
‘QC -at the office is reenergized by the reception of carrier
eurrent-of the indication frequency F2. Relay OC picks
up,- releasing relay. MCP and completing again the first
‘stick. circuit for relay CD, bothof these actions having
been prekusly discussed. Under normal operation, re-
Iay  OC is reenergized and picks up to close its front
‘contact ‘2 prior to the end of the retardation period for
relay 'CD:so that this Jatter relay holds its front contacts
‘closed during the entire period. ’Ihus, it is to be seen
that code disagreement relay CD is not released during
‘normal :operation iin transmitting a control code. Rather,
relay 'CD :feeds on the answer-back signals from the
.station to hold its front- contacts closed and back con-
tacts open. This . allows the control coding action of
anit OCU to ‘continue until the complétion of the: control
code, :after which the ‘unit resets.itself and the -entire
system: to the normal :at-rest condition.

-If some kind of aline or communication channel fault-

“oocurs, © even. though temporary in mnature, or if an in-
“duced -pulse ‘of current blanks out a code step, relay
FC at the station will fail to follow the-operation of
relay TC “at the office in transmitting" the control ‘code.
This causes a-similar faiture, as will be. obvious from
-the previous description, in the operation of relay OC
.to likewise follow the operation of relay TC. -Since
“gach operation -of relay TC opens the then €ffective stick
seirenit - for relay -CD and-the other stick “eircuit «is ‘not
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“transraission of the control code from the office.

8

completed until relay OC ilikewise :operates in a <orre-
sponding manner, the failure of relay OC to follow:the
operation- of: relay TC will result in the stick- circuit net-
work for relay CD remaining open. Relay CD then
releases at the end -of the retardation period furnished
by rectifier Q1.

it may also occur: that, after the -corresponding oper-
ation -of ‘relays TC and OC at the office, a :spurious
puise -will be induced into one or the “other of the car-
rier circuits which will result in the operation -of relay
OC to its opposite position prior to the proper operation
of relay TC in the normal progress of the code. This
again interrupts the stick circuit network for relay CD.
Under these conditions, the shunt circuit across the
winding of relay CD through rectifier Q1 is open.and
theréfore ineffective, so that relay CD immediately re-
leases.: Thus a line fault or spurious pulse of a very
short -duration occurring during a code step will result
in the release-of relay CD and the-halting of the «coding
action, as will be explained shortly. .It is to be remem-
bered that relay MCP follows the operation of relay OC
so that, upon the reestablishment of the stick circuit
network .of relay CD, relay MCP has operated to ‘estab-
lish ihe. retardation .circuit for the next code step. For
example, consider the relays in the ‘position in which
they are shown in Fig. 1 and to which they would oper-
ate immediately after the beginning of each even num-
bered code step.  1f :a:spurious. pulse causes relay OC to
release, opening its front contact @ and closing its back
contact a, the retardation circuit for relay CD over this
‘back .contact 4 of relay OC is open at front contact «
of relay MCP which released when relay OC picked up.
Relay .CD thus will immediately release, due to the

‘interruption -of the stick circuit network, prior to the

time . that relay MCP can pick up to reestablish this

retardation circuit.

If relay CD releases as the result of a communica-
tion channel interruption or code transmission failure
during--an odd numbered code step, relay 01T will be
held up over the special stick circuit established at back
contact ¢-of relay CD. This circuit may be traced from
terminal B over back contact ¢ of relay CD, front con-
tacts b and « of relay 01T, and the winding of relay 01T
to-terminal N. Relay 01T is thus held energized, halt-
ing the coding action of unit OCU until the coding unit
apparatus -drops out and resets to its normal at-rest con-
dition. Such a drop-out and reset action due to the
halting of the code is fully explained in the previously
mentioned publications and need-not be here repeated.
If relay CD releases during an even numbered code step,
relay 02T is held energized-over the stick circuit includ-
ing back contact b of relay CD and front contact a of

relay 02T. Again the coding unit apparatus drops out

because of the halting of the code and the entire system
resets to its normal at-rest condition. In other words,
in either case, the release of relay CD interrupts the
coding action of unit GCU, which likewise halts the
Since
code is therefore mno longer received at the station, the
station coding unit drops out in synchronism with the
office ‘coding unit, the entire system returning to its at-
rest condition at substantially the same time. Even
though progressive registry of control functions is in
use, any control function being transmitted by this ‘final
step of the code, that is, the step during which the inter-
ruption occurs -and the coding action halts, ‘will not be
registered at the station since control function registry
cccurs at the beginning of the succeeding code step.
Thus the false registry of an improper control function
is prevented under these conditions.

Fig. 2 shows the form of our invention as disclosed
in Fig., 1 when a direct current line circuit is used as
the communication channel between the office and the
station. -In this figure, only the necessary line circuit

connections - are-shiown “at -office- and- station which re-
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place the "connections to the carrier communication
thannel of Fig. 1, the remainder of the circuit arrange-
ment:used with Fig. 2 being identical with that pre-
viously discussed for Fig. 1. It is to be noted that the
receiver relay FC at the station is provided with two
windings of- different resistances. In other words, the
upper winding of this relay is of relatively low resistance
when compared with the higher resistance of the bot-
tom winding. It may also be noted that the similar
relay FC used at the station in Fig. 1 may also have dif-
ferent ‘resistances in its two windings, although this is
not critical to the operation of the apparatus when car-
rier communication is used.

The direct current line circuit of Fig. 2 is supplied
with energy. from a line battery LB at the office location.
The line circuit also includes pole-changing contacts b
and c of relay TC, both windings of receiver relay FC at

- the station, back contact a of station transmitter relay
FIT, the upper winding of office receiver relay OC, and
line wires L1 and L2. It is obvious that, in the at-rest
condition shown, line wire L.1 has a positive polarity when
compared” with line wire L2. A line resistance R1 at
the office is included in the circuit connections to limit
the line current under all conditions. A second re-
sistance R2 is connected in series with the windings of
relay FC at the station. However, this resistance R2 and
the bottom winding of relay. FC normally are shunted by
front contact ¢ of relay FC. Thus the line current dur-
ing normal at-rest conditions is of a relatively high level
and relays OC.and FC are energized sufficiently to pick
up their contacts. _

_During a normal control code, the release of relay
TC during the odd numbered steps pole-changes the po-
larity of the line circuit so that the normally positive line
wire L1 becomes negative, 'However, during the even
numbered code steps with relay TC picked up, line wire
11 again has a positive polarity when compared with
‘line wire L2. During each odd numbered code step, with
the line circuit from the office to 'the station pole-
‘changed, relay FC releases, since this biased relay, as
‘previously explained, releases when the flow of current
‘through either of its windings is in the direction opposite
‘to the arrow. The release of relay FC opens its front
contact a, inserting its bottom winding and resistance
1R23'into the line circuit and thus materially reducing the
‘line current.
gization of relay OC to be reduced below the level at
‘which it will hold its front contacts closed and this latter
relay also releases. ' This release of relay OC, or in other
words, the reduction of the line current by the release
of -relay FC, constitutes the answer-back from the sta-
tion, for this type installation, during the odd numbered
‘code steps. »

- When relay TC picks up at the beginning of an even
‘numbered  code -step, its contacts b -and ¢ return the
‘polarity "of ‘the line circuit to normal, - The low level
“currént still in effect is of the proper direction and, since
this ‘current flows through both windings, relay FC.is
sufficiently energized and picks up. This action of relay
"FC closes its front contact a, shunting its bottom wind-
ing and tesistance R2, thus increasing the line current to
<ts normal value again. This increased line current re-
sults in the energization of relay OC to-a sufficient level
for it to pick-up its contacts, Thus the increase of the
line current and resulting pickup of relay OC constitutes
‘the answer-back from the station during the even num-
‘bered code steps. - ' :
' The operation of the local circuit arrangement at the
office under this form.of installation is the same as pre-
‘viously discussed for the carrier current installation. In
‘other words, the operation of relay OC to follow the
‘operation of relay TC holds the code disagreement relay
‘CDpicked up and allows the control code to continue.
‘Again, if relay OC fails to follow the operation of relay
"TC" due to' a-line circuit interription or if “a spurious
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jnec.:essary. In :!:'act, in most innstallations,
- units, whether intended for the office or the station,
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pulse ‘causes relay OC to operate ahead ofthe corre-
sponding operation -of relay TC, relay CD .is released
and operates to halt the coding action. It is to be noted,
of course, that the operation of relay FC at the station
during the control code to alternately open and close its
front contact b results in the similar operation of line
relay FR and thus the coding unit SCU is driven to re-
‘ceive the control code. - : .

During an indication code, the operation of trans-
mitter relay FIT at the station alternately opens and
closes -the line circuit at back contact a of this relay.
This results’ in the alternate releasing and picking up
of relay OC at the office to drive, through line relay OR,
office coding unit OCU to receive the indication code.
As - before, there is no answer-back during indication
codes, relay CD being held energized over back contact
¢ of relay OM. It should be noted, however, unless
special circuits are added, that when the line circuit is
reclosed at back contact a of relay FIT, at the begin-
ning of each even numbered code step, relay FC picks tip
slightly ahead of relay OC at the office. - This occurs
because the level of the line current is initially low and
is-of ‘a value to sufficiently energize relay OC only after
front contact ¢ of relay FC closes. This action may be
avoided if a front contact a of the station master relay
FM is connected in multiple with front contact g of relay
FC, as shown by the dotied connections in the draw-
ing. 'Since the station master relay, similar in purpose
to relay OM at the office, picks up at the beginning of
an_indication code, and remains up during the entire
code, its front contact a will be closed to shunt the lower
winding of relay FC and resistor R2 so that the line
current is always at a high level during each even num-
bered step of an indication code:

The second form of our invention, as shown in Fig. 3,
is.an adaptation of our invention which is applicable to
installations  where only long code steps are used to
carry control functions which are registered at the sta-
tion progressively during the code or where all control
functions - transmitted to a station are registered during
the final step of a complete code. A special advantage
of this second form of the apparatus is that it does not
require any modification of the office coding units OCU
from the standard form as shown in the previously

mentioned Manual 510. Thus, all office coding units

‘which may be required for a large installation using sev-
¢ral channels ‘in different directions would be inter-
changeable and only one type of spare unit would be
all coding

would be interchangeable one with the other
ond form of our invention is used.

‘The basic principle of operation previously discussed in
connection with Fig. 1 is the same for the apparatus shown

if this sec-

‘in Fig. 3. Certain changes in the circuit arrangement are

made in order to eliminate the modifications to the office
coding unit. The first one of these changes is the addi-
tional shunt circuit provided for the carrier current trans-
mitter F1, This shunt circuit is completed over back con-
tact e of relay CD and thus is effective when relay CD is
released. The energizing circuit for relay OC from the
carrier current receiver F2 is carried over front contact d
of relay CD so that this circuit is interrupted any time that
this-latter relay releases. Another change is in the control
circuit for relay OR which is effective during control codes.
This circuit in this form of the apparatus includes front

‘contact b of relay CD as well as front contact b of relay

MP and back contact d of relay 01T. A final change in-

serts front contact ¢ of relay CD into the energizing cir-

cuit for relay TC, the circuit also including the previously
discussed back contact e of relay 01T, o
In this form also, during the transmission of a control

‘code, relays OM and MP are picked up during the entire
‘code. Relay OR is thus driven by the operation of relay

01T, as previously discussed, as long as relay CD remains

‘held up, the alternate opening and closing of back con-
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tact-d of relay 01T causing the-alternate, release.and pick-
up of line relay OR. Coding unit OCU.is thus driven by
the operation of relay OR -to cause the control. code to
progress. from one step to another. .As discussed before,
relay TC is released during.each odd numbered code.step
by ‘the opening of back contact e of relay 61T. Closing
of back contact b -of relay TC suppresses the control

carrier current causing the release of relay FC.at the sta-

tion. Relay TC picks up during each even numbered
code. step, energized by the closing -of -back contact e -of
relay 0FT. This removes the :shunt from the :control
carrier .current transmitter and allows relay FC at this
station to,pick up.

The code following operation of relay FC at the sta-
tion alternately shunts and unshunts the .carrier -current
transmitter 2. - This, of course, causes relay OC at the
office to follow the code shortly behind the operation of
relay TC, as previously discussed. This corresponding
operation of relays TC and OC. cooperates to hold up

code disagreement relay CD, with the stick circuit net- .

work . for this latter relay alternately being completed
over.front contacts a of relays TC and OC.and back con-
tacts a of these relays. Relay MCP follows the operation
of relay QC, as previously described, to transfer the re-

tardation circuits for relay. CD between its. front:and back ;

contacts a. Thus as long as the control coding operation
progresses in the normal manner, relay CD.is held up
by the cooperative action of relays TC and OC-as .in-
“fluenced by the answer-back indications received from
the station due to the operation of relay. FC.

If relay OC. fails to follow the operation of relay TC
due to some line interruption orthe failure of a particu-
lar code step to reach the station, the stick. circuit net-
work for relay CD remains open:for a period longer.than
the retardation period established for relay CD. by recti-
fier Q1 and the latter relay releases. If relay OC should
operate ahead of relay TC during an existing code step.be-
cause of a spurious pulse induced into the carrier channel,
the stick circuit network for relay CD is.again opened and
since, as. previously discussed, no retardation circuit is at
that time effective for relay CD, this latter relay releases
immediately to halt the coding action, as.will be described
shortly. Thus relay CD is responsive to-an induced -and
erroneous impulse of very short duration.

Release. of relay CD, under either condition, perma-
nently opens its stick. circuit -at.its own front contact a.
in addition, the. opening of front contact b.of relay: CD
interrupts the energizing circuit for relay  OR which :is
effective: during control :codes- and relay OR releases.or
is held in its release condition. The opening of front
contact ¢ of relay CD interrupts the energizing circuit for
relay TC and this latter relay either releases or remains
in a released condition. -Similarly, the opening of front
contact d of relay CD-interrupts the energizing circuit.for
relay OC from the F2 carrier receiver and relay OC is.im-
mediately released or is held in. its released.condition. re-
gardless of subsequent operation of relay. FC. The clos-
ing-of back contact e of relay. CD provides an.additional
shunt-upon the. carrier. current - transmitter F1 which . is
effective -immediately to suppress: the carrier current. of

frequency F1.to. end-an even numbered code step, prior -

to.the subsequent telease of relay TC. .The shunting of
_the control carrier. current:causes. relay FC.at the station
to- release followed by the.release. of relay FR. With
reiays- OR.and ‘FR both released -or :held :released, the
coding. unitsat the office-and the station.are-set-to: the
_next odd numbered code step or.are-held upon the-existing
odd numbered code step, respectively, depending upon
_the code step during which the release of relay CD occurs.
In either. event, the entire: system resets-under. the. condi-
tion of a code halted during:an odd numbered step. - Relay
CD is reenergized- when- relay-OM releases to -close its
back contact ¢ at the completion -of the reset action.

- As-explained. above, if. the release of:relay. CD occurs
during an even. numbered.: code step,. the coding. units:are
-advanced to the next-odd numbered. code-step: by the:re-
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‘control systems of the general type here shown.
-amswer-back . pulse received from the station upon the
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lease of -the line relays at each location. However, this
cannot. cause.the improper.registration of a control. func-
tion even though such functions are being registered.pro-
gressively during the code. The system shown in Fig..3,
as. previously -mentioned, is limited to the progressive
registration of- control .functions carried :by long .code
steps only. Thus the cutting off of an even. numbered
code step: by the release of relay CD .and the stepping
of the units to-the next odd numbered code step results
in the reception of the even numbered code step at the
station as a short step. Thus no control.function is indi-
cated or registered. OfF course,.if.the final registry of all
control functions is held and accomplished only during
the final step of a complete code, no control function
registry-at all occurs during a code interrupted due to
improper transmission. Thus the circuits of the second
form of our invention protect against improper registry
of control functions, to the extent of the limitations ap-
plied to-this form of the apparatus.

In Fig. 4 we have shown the application of the ap-
paratus of the second form of our invention to a.direct
current. line eircuit. These-line circuit connections here
shown -are.very similar to those shown in Fig. 2. The
only change is the insertion of a front contact d of relay
CD in the.line. circuit connections at the office location.
As.in Fig..2, only-the line circuit connections are shown
in Fig. 4, the remainder of the apparatus being. identical
with that already shown and- discussed in Fig. 3. Like-
wise, the operation of the apparatus when a.direct cur-
rent line circuit is used is very similar to that already
discussed for the showing of Fig. 2 and. néed.not. be dis-
cussed again in detail. If relay CD is released due to
the improper transmission of a control code and the

Jack.of-a.proper answer-back pulse from the station, its

front.contact d opens to deenergize the entire line cir-
cuit. This releases relays. OC and FC at once. = Again
each -coding unit, responsive to the release of the cor-
responding line relay, holds on the existing odd num-

‘bered .code step or, if relay CD is released during an

even .numbered code step, steps to the next odd num-
bered. code .step.. Here the coding -action is halted and
the system resets-to its. normal at-rest condition. As
previously discussed in connection with Fig. 3, the. im-
proper. registry of control functions is thus prevented.

It has been -described, therefore, how the system of
our-invention in either of its forms provides for a check
of :the proper transmission of control codes in remote
The

proper reception. of each-step of-the control code assures
the office location that the control step has been properly
received-and -allows the code to-continue to completion.
If there is no reception of the control code step . at:the
station, if there is.an improper reception, or if some im-
proper -action ‘occurs in the. communication. channel, the
lack of :a proper answer-back immediately -causes ‘the
coding action to be.halted. This.also prevents. the reg-
istry-of any control function which would cause an .im-
proper action at the station. “This is true even though-the
control code. is being registered progressively as the cod-
ing-action continues. Thus: the .system of our. invention

-assures - that ‘the desired control actions -at the station

will: be performed: properly or that the coding.action will
be halted .until proper-transmission of the .control func-
tions can be accomplished.

It is- to- be-understood, although:the preceding:descrip-

‘tion has dealt specifically with the provision .of .answer-

back indications during control -codes, that. similar -ar-
rangements : may -be ‘used to:check - the transmission. of

indication. codes from the station. .In other words, the

system. of our invention may be applied to- provide, :at
any logation. originating a code, a check as to the proper
reception. of that code at its intended destination, the
check -being . accomplished through the medium of :a

_simultaneous. answer-back. code originating at. the. receiv-



ing station. Unless the answer-back indicates that each
¢ode step has been properly received, the transmission of
the ‘code is interrupted and the registry of incorrect func-
tions prevented. ‘ ‘
" Furthermore, although we have herein described and
shown but two forms of apparatus embodying our inven-
tion, it is to be understod that various changes and modi-
fications may be made therein within the scope of the ap-
pended claims without departing from the spirit and scope
of our invention.

Having thus described our invention, what we claim
is: :
1. In a remote control system including at least a
first and a second location connected by a communication

‘channeél, said first location being provided with coding )

apparatus having connections to said channel for trans-
mitting stepped codes to said second location, each code
step. having a particular selected time length, the com-
bination comprising, means at said second location hav-
ing connections to said .channel for retransmitting to said
first - location a code step identical to the received code
step in selected time length simultaneously with the re-
ception of each code step from said first location, receiv-
ing means at said first location having connections to said
channel for receiving the retransmitted code steps; dis-
agreement means at said first location controlled by said
coding apparatus and by said receiving means for de-
tecting' disagreement in time: length between each trans-
mitted code step and the corresponding retransmitted
~code step, said disagreement means having other connec-
tions for halting the operation of said coding apparatus
if disagreement is detected; retardation means having
connections to said disagreement means for compensating
for the transmission delays of said channel between the
transmission of a code step and the reception of the cor-
responding retransmitted code step, and other means con-
trolled by said receiving means for cancelling the com-
pensating effect of said retardation means after a re-
transmitted code step is received to detect interference
induced in said channel which interrupts the selected time
length of a code step.

2. In a remote control system including an office and
at least one station connected by a communication chan-
nel, said office being equipped with a coding unit to trans-
mit stepped control codes over said channel which said
station is adapted to receive, each code step having a
particular selected time length, the combination com-
prising, a code disagreement relay at said office effective
when deenergized to halt the transmission of a control
code, an energizing circuit and a stick circuit network
for said relay, said energizing circuit including a nor-
mally closed contact which is open during the transmis-
sion of control codes; said stick circuit including a first
pair of contacts alternately closed during the transmis-
sion of successive control code steps, a second and a
third pair of contacts alternately closed in response to
the reception of successive code steps each retransmitted
back from said station simultaneously with the: reception
at said station of successive ones of said control code
steps, and a half-wave rectifier; said first and said second
pairs of contacts cooperating during the transmission of
a control code to maintain said disagreement relay en-
ergized only if each received retransmitted code step is
identical in selected length with the corresponding trans-
mitted control code step, said second and said third pairs
of contacts cooperating during a control code to -connect
said rectifier at times in multiple with the winding of
said relay to retard the relay release to compensate for
transmission delay periods in the coordinated operation
of said first and said second pairs of contacts and to dis-
connect said rectifier to cancel the retardation of said
relay if said second pair of contacts operates to its other

position prior to the corresponding operation of said first

pair ‘of ‘contacts as & result of induced extra code steps.
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" 3. In combination with a coding unit at the office lo-
cation of a remote control system, said system also includ-
ing at least one station connected to the office by a com-
munication channel, said coding unit being capable of

-producing control codes comprising a plurality of succes-

sive code steps each having a particular selected time
length and including a transmitter relay arrangement hav-
ing connections to said channel to.transmit said code
steps” over said channel, said station being capable of
receiving said codes and simultaneously retransmitting
each code step in identical time length form as received
over said channel to said office; a code disagreement re-
lay effective when released to interrupt the operation of
said transmitter relay arrangement, an energizing cir-
cuit and a stick circuit network for said disagreement
relay; said energizing circuit including a normally closed
contact which is opened during control codes, said stick
circuit network including a first pair of contacts alter-
nately closed during successive code steps in response to
the operation of said ‘transmitter relay arrangement to
transmit a -control code, a second and third pair of con-
tacts each. alternately closed in response to the reception

-at said office of the successive retransmitted code steps,

and ‘a half-wave rectifier; said first and said second pair
of contacts cooperating during a control code to main-
tain said stick circuit network completed only if each
refransmitted - code step is- identical in time length with
the corresponding transmitted control code step, said sec-
‘ond and said third pairs of contacts cooperating during
a control code to connect said rectifier in multiple with
said disagreement relay over contacts of these pairs to re-
tard the release of said disagreement relay while said

- stick circuit network is interrupted between the corre-

35

40

45

50

55

60

65

70

75

sponding operation of said first and said second pairs
of contacts during transmission delay periods, said third
pair of contacts being effective to interrupt said multi-
ple connection if said second pair of contacts operates to
its other position prior to the corresponding operation of
said first pair of contacts as a result of an erroneous code
step induced into said channel.

4. In a remote control system including at least a
first and a second location, said first location being pro-
vided with coding apparatus for transmitting stepped
codes which said second location is capable of receiving,
each code step having a particular selected time length,
the combination comprising, a receiver relay of the biased
type at said second location having a first and a second
winding, said second winding having a higher resistance
than said first winding; a line circuit including a source of
direct current energy, two line wires extending between
said first and second locations, both windings of said
receiver relay, and pole-changing contacts responsive to
the operation of the coding apparatus, said pole-changing
contacts being effective to transmit code steps by alter-
nately pole-changing the relative polarity of said line
wires; a shunt circuit including a normal energy position
contact of said receiver relay and connected in multiple
with said second winding of said receiver relay, said shunt
circuit being effective to materially change the current
flowing in said line circuit when said receiver relay peri-
odically operates due to the pole changing action of said
pole-changing contacts to produce an answer-back code
step at said first location having a time length identical
to that of the corresponding transmitted code step, re-
ceiving means ‘at said first location having connections
to said line circuit for receiving the answer-back code
steps, disagreement means at said first location controlled
by said coding apparatus and by said receiving means
for detecting disagreement in time length between each
transmitted code step and the corresponding answer-back
code step, said disagreement means having other con-
nections for halting the operation of said coding ap-
paratus if disagreement is detected; retardation means
having connections to said disagreement means for com-
pensating for the transmission delays of said line cir-
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cuit between the-transmission .of .a code:step .and the
reception of the correspondmg answer—back code step,
and other means controlled by said receiving means for
cancelling the .compensating effect of said retardation
means after an answer-back code step is received .to de-
tect interference induced. in .said channel which iater-
rupts the selected time, length of .a code- step:

5. In a remote control system including an office and
at least one station, .said office being provxded with cod-
ing apparatus for transmlttmg Stepped codes which.said
station is capable of receiving, each code step havmg a
partlcular selected time: length, the combmatxon compris-
ing, an office receiver relay, a station teceiver relay
of the biased type havinhg a first and a second winding,
said second winding having a higher resistance than 3aid
first windihg; a line circuit ihcluding a source of direct
current energy at said office, two line wires extending be-
tween said office and said station, the winding of said
office receiver relay, both windings of said station receiver
relay, a resistor, and pole-changing -contacts responsive
to the operation. of said office coding apparatus to- trans-
mit successive code steps by alternately pole-changmg the
polarity of the energy applied to said line wires; a shunt
¢ircvit including a normal enetgy pOSIthD .contact of

said station recéiver relay connected in multlple with said -

resistor ‘and -said second wmdmg of said -station treceiver
rélay in series, said shunt circuit bemg effective to ‘ma-
‘terially change the current -flowing in said -line ¢ircuit
to:transmit an answer-back code step having-a time length
identical to that of :the corresponding transmitted code
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step. each t1me said . stanon Teceiver relay periodically
operates due to the pole-changmg of the polarity of said
hne c1rcu1t sald ofﬁce _receiver relay’ bemg responswe to

back. code steps, disagreement means at said office con-
trolled by said.coding apparatus and by said office re-
ceiver relay for detecting disagreement in time length
between each transmitted code step and the correspondmg
answer-back .code step, said disagreement means having
other connections for halting the operation of said coding
apparatus if disagreement is. detected; retardation means
having connections to said disagreement means for com-
pensating - for the -transmission delays in said line circuit
between the transmission of a code step and the reception
of the corresponding answer-back code step, -and .other
means .controlled by :said office .receiver -relay for can-
celling the compensating effect of :said retardation -means
after an answersback -¢ode stép is received to detect inter-

- fereénce inmduced -dn- $aid channel - which -interrupts the
selected: time-length of 4 code step.
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