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1

This invention relates to traffic actuated
control apparatus and methods, and more par-
ticularly to apparatus for automatic selection
among several coordinated traffic signal timing
patterns in response to a sampling of traffic con-
ditions by trafiic actuation.

From one aspect the invention relates to appa-
ratus for selection among traffic signal offset sys-
tems for one or the other of two traffic directions
or for both directions along a roadway in response
to traffic actuation by traffic in the respective
directions, as for example inbound and outbound
traffic directions.

From another aspect the invention relates to
apparatus for selection among such offset systems
in response to the relative positions of two cycle
selectors, one for each traffic direction, and each
adapted to select one of g scale of cyele positions
in response to traffic actuation in its direction
over a scale of traffic volume per unit time period.

From a further aspect the invention relates to
apparatus for selection of the higher of two
cycle positions selected individually by two traffic
actuated cycle selectors from their respective
similar seales of cycle positions, one for each of
two traffic directions, where different cycle. posi-
tions are selected by the two cycle selectors, and
for selection of the same cycle position where cor-

responding cycle positions are selected by the two . .

cycle selectors. ;
Various types of systems are well known for
coordination of traffic movement through g series
of traffic sighals along a street or highway. Cer-
tain systems of this type provide for the cross-

trafiic periods at successive traffic signals along :;j;

the highway to come in at progressively later
time psriods in proceeding along the highway in
a given direction for example so that the green
signal pericd available for the highway traffic at
the succession of intersections appears to travel
along the highway and thus permits fleets of
cars to proceed at the desighed speed of the
system through the series of traffic signals with
a minimum of stopping for accommodation of
cross traffic. Such traffic signal control systems
are often referred to as “progressive systems.”

The time lag between any given common refer-
ence voint in any representative traffic signal
cyelz in a progressive system and the appearance
of the desired corresponding point in the cycle of
an individual traffic signal in the system is often
‘referred to as the offset for that signal, and it is
already well known to provide one sst of offsets
for inbound traffic movement in the morning into
the center of a city for example, with another set
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of offsets for the outbound ftraffic movement
which usually characterizes the heavy traffic flow
periods of the late afternoon. In addition a
third set of offsets for average or best two-way
progressive traffic movement is often provided for
the periods of the day when it is anticipated that
the traffic is not predominantly in one direction.

One difficulty in such systems however has been
that the peak periods of inbound and outhound
trafic do not always occur at the same times
on corresponding days on week days or on week
ends for example and various weather conditions
and the occurrence of public events attracting
considerable amounts of traffic will vary the traf-
fic patterns from time to time so that any means.
of setting up in advance a program of the selec-
tion of the proper offsets and traffic control cycles’
for various times of day and various days of the
week is unable to adjust for these irregular
variations.

It is also already known to provide apparatus
for selection, by traffic actuation at a suitable
trafic sampling point, between different types
or lengths of traffic control cycles for the traffic

“signal system or to adjust the timing of the over-
“all traffic signal system step by step at short time

intervals to accommodate the actual traffic vari-
ations as they occur. -Apparatus of this charac-

ter is sometimes referred to as a traffic cycle
, “selector and my Patent No. 2,288,601 dated July

7, 1942 is directed to such apparatus.

In one embodiment of the present invention
selection between inbound offset, outbound off-
set and average offset is made in accordance with
the relative positions of two. eycle selectors, which -
may be of the form disclosed in the Patent

12,288,601 referred to for example, as somewhat

modified as pointed out hereinbelow. According
to one aspect of the invention one cycle selector
and an associated traffic actuated detector unit
are provided for inbound traffic at an appropriate

“sampling point on the highway common to the

series of signalized intersections which it is
desired to control under the overall traffic sighal
system, and another such cycle selector and
associated detector unit are provided for out-
hound traffic at an appropriate sampling point
which is preferably but not necessarily at the
same point as the inbound traffic sampling point.
Tor purposes of adjusting and checking the
operation of the system under actual traffic con-
ditions it has been found convenient to locate
the inbound and outbound detector units on
opposite sides of the highway at a single location
at or near the location--of the cycle selector
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apparatus and offset selector apparatus and asso-
ciated apparatus serving as a master control
system for supervising the operation of the indi-
vidual traffic signal controllers at the individual
signalized intersections along the highway.

In some cases the preferred location of the
cycle selector and offset selector apparatus may
be near the middle of the series of traffic signals
along the highway and in other cases the pre-
ferred location may be near one end of the series,

in accordance with the best traffic sampling

conditions.

In the operation of the selector apparatus from
its broader aspects the inbound.and outbeund
traflic streams are respectively. in-effect:measured
or counted over a time period and during such
time period the individual eycle selectors remain

on a given traffic control time cycle for master-

control of the various individual traffic signal
controllers. Near the end of such traffic sampling
time period.the individual cycle selectors de-
termine whether to remain on the same .cycle or
to change to a longer cycle or to a:.shorter cycls
in. accordance with the traffic. counted,. for ex-
ample. If the traffic counted is substantially the
same as in the preceding sampling time peried
the. cycle selector remains. on.the. same cycle but
if the traffic has increased. substantially. the_cycle
selector will select. the next higher or longer cycle
in the series, or if the. traffic. count;has decreased
substantially the cycle selector will.select. the next
lower or shorter cycle.in the series for the. next
sampling time period, At the end of each
sampling time period.the counting of traffic is

reset. and another .sampling time period is

started.

-Each .cycle selector. has. a. number of different
cycles to. select from. "The Patent 2,288,601 re-
ferred.to illustrates six.cycles or cycle positions
A to F for example although it is obvious that
.more aor. less. could be provided. if. desired.

‘The. present apparatus. provides .a means .of
selecting .among the inbound.and outhound offset
Systems in. accordanee with the positions of the
inbound and. outbound cyele selectors. _For ex-
ample if the inbound and outhound cycle selectors
are.both on the-same or corresponding. cycle posi-
tions, .indieating substantially the. same  traffic
flow in-each direction, the. offset. selector appara-
-tus in accordance with one.aspect. of. the present
invention would select the average offset. .Simi-
Jlarly.in one form of the invention if the inbhound
and outbeund eycle. selectors. are. not, more than
one cycle. position .apart the. offset. selector will

continue.to select.the.average offset. On the oth- :

er hand if for example the inbound. and outbound
cycle selectors..are .two or more. cycle positions
apart the offset. selector will select.the higher .of
-the two. offsets. Thus.if the: inbound cycle se-
lector is two. cycle. positions.higher than the out-
~bound cycle selector .the.inbound. offset .will be
selected by the. offset. selector, but. if the out-
-bound.-cyele selector is two- or more cycle posi~
tions higher than. the:inbound. cycle selector the
outhound offset. will be selected. by the offset. se-
lector.

As desceribed later herein. the offset selector can
be adjusted.to. switech to the- proper. inbound. or
outbound. offset. when the. cycle selectors. are one
eycle position apart if desired, or it. can. be. ad-
justed: to-switch. to. the proper inbound..or. out-
bound offset. when the cycle selectors are three or
-toore: cycle. positions. apart. if desired, instead of
.the two cyele. position separation adjustment, just
- deseribed: for example.

10

16

30

40

45

69

‘through: the series of signals.

4

During a large part of the day at most traffic
signal systems along a street or highway there is
no predominantly heavy traffic in either one di-
rection along the highway and the average off-
set is in general best suited for such relatively
belanced traffic since it is designed to provide
best for traffic movement in both directions
In sampling traffic
for any relatively short time period it is obvious
that there may be momentary or brief periods of

.increased traffic in one direction which are not

truly representative of a continuing condition
or-even -of a trend toward such continuing con-
dition. Under such circumstances it has heen

‘found desirable.to-provide greater stability in the
1system by requiring the cycle selectors to be more
.than one position apart before a change to either
‘inbound or outbound offset and this is the pre-

ferred form of the invention.

It will also be appreciated that the general level
of traffic will.vary considerably throughout the
day and.night and that it may be desirable under
circumstances of moderate trafic but predomi-

-bantly inbound traffic.as may occur in the early

evening hours for example to. have the system on
an inbound offset but at. a total cycle length of
average or oderate. length somewhat between
the longest and the shortest.cycles. It will be.un-
derstood by those skilled in the-art. that the most
desirable cycle length is rélated to.the-speed and
velume.of traffiec through a series. of traffic. sig-

nals,-the cycle length being approximately in-

versely proportional to such speed for best. two-
way progressive traffic movement for example,
and it will.also.be understood that as the volume

.of ftraflic increases. the speed .of traffic. tends to

decrease and a.greater cycle length is needed to

clear the fraffic. Thus longer time cycles are bet-

ter adapted to care for the greater traffic volumes
and. the.lower speeds that ordinarily accompany

.such. greater. traffic volumes.

Thus at.some. times it. will be desirable to. op-

erate the signal system on an inbound offset
‘but an a relatively long time cycle and cther

times on an. inbound offset at a moderate or
shorter time cyele while at. still other times it
will be.desirable to operate the system. on an out-

"hound offset for longer or_shorter time cycles.

Thus the present apparatus according to the
present invention is designed to provide for se-
lection of offsets up and down the scale of a
number of different cycle lengths so that which-
ever direction. of traffic is predominant will he
the_controlling factor and obtain a preferential

.offset and.at the same. time obtain. an appropri-
.ate cycle length. The apparatus is also designed
to. accommodate average or relatively kalanced
-traffic and to. provide for the:selection of appro-

Ppriate cycle length and adjustment of such cycle

Jength in accordance with the actual demands

of traffic up and down. the scale even. if the traffic
remains sufficiently balanced: to required an aver-

.age. offset.

Therefore, it is. an object of the invention to
provide apparatus and methods for automatic
selection and adjustment of cycle length and off-
set to best accommodate the volume of traffic in
opposite-directions through. a series of traffic con-
trol. signals.

It.is another object of the invention to select

.automatically among inbound, outhound and

average offsets in response to sampling of in-

~bound -and outbound. traffic.

It.is.a. further object.to select among appropri-
ate traffic. signal timing systems for traffic pri-
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marily in one direction, or traffic primarily in
the opposite direction or for traffic jn both direc-
tions along a roadway in response to actuation by
traffic in the respective directions.

It is another object to provide an average non-
preferential offset for traffic along a roadway in
response to substantially balanced traffic in both
directions along such roadway, and to change to
a preferential offset for one or the other of such

directions in response to predominant traffic in-:

the corresponding: direction, and to bias such
selection of offset by maintaining such preferen-
tial offset on less predominant traffic than that
required to change to such preferential offset.

It is a further object to select among preferen- -

tial offsets for each direction and non-preferen-
tial offset for both directions along a roadway in
accordance with the relative positions of two
cycle selectors for the respective directicns and

each operated by trafic actuation in its direc-:

tion to assume one of a scale of positions corre-
sponding to a scale of low to high time rate of
traffic actuations. .

It is a further object to provide automatic

selection among preferential offsets for one direc-=

tion or the opposite direction or a non-preferen-
tial offset for both directions, in response to pre-
dominant traffic in one direction, or in the oppo-
site direction, or substantially balanced traffic in
both directions, respectively over a considerable
range of cycle lengths for the traffic signaling
time cycle at a series of traffic signals.

Other cobjects of the invention will appear from
the accompanying claims and from the follow-

ing description of the invention with respect to:

the drawings in which:

Fig, 1 illustrates in schematic or block diagram
form, a traffic control system employing appa-
ratus according to one embodiment of the in-
vention.

Fig. 2 similarly illustrates a series of intersec-
tions along 2 highway together with the indi-
vidual trafiic signals and associated controls and
connections with the master control apparatus
of Pig. 1. .

Fig, 2 illustrates a eircuit diagram for the off
set selector and associated apparatus in accord-
ance with one preferred form of the invention.

Fig. 4 illustrates a circuit diagram of the cycle
selector timer employed in ecommon for two as-
sociated cycle selectors.

Fig. 5 illustrates schematically one form of
cycle generator which may be embvloyed for
variable frequency power in the master control
apparatus.

Fig. 6 shows circuit diagrams and offset cam
arrangements for two local cycle-offset units of
the master control apparatus for controlling the
cycle length and offset of two traffic signal con-
trollers.

Fig. 7 illustrates a circuit diagram of one form
of traffic signal controller which may be operated
on a traffic actuated basis or on .a fixed time
basis, under control of the master control ap-
paratus. :

Fig. 8 illustrates schematically the circuit
diagram of a master control unit for controlling
the resynchronization circuit for the local con-
trol units.

Referring now to Fig. 1 in more detail a section .

of a roadway HY is illustrated extending from
left to right along the upper part of the figure,
with the center line of the roadway indicated by
a dot-dash line. This roadway section illustrated
may be a part of a street or highway for example
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extending through a series of intersections pro~
vided with traffic signals.

In one side of the roadway a traffic actuatable
detector unit DDI, indicated schematically as a
pair of contacts, is located in the path of traffic
in one direction which will be referred to as the
inbound traffic direction for convenience of refer-
ence. In the other side of the rocadway a similar
detector unit DDO is located in the path of traffic
in the opposite direction which will be referred
to as the outbound trafiic direction. These detec-
tor units may be of any well known type adapted
to close a pair of contacts upon passage of a
vehicle thereover, for example.

The apparatus schematically indicated in Fig.
1 represents in general the master control ap-
paratus for a series of traffic signals and associ-
ated individual controllers at the several inter-
sections along the highway HY. Several of such
intersections are illustrated schematically in Fig.
2 for example, showing the traffic signals TS,
2T'S and 3TS and associated controllers {TC, 2TC
and 3TC respectively, with local cycle-ofiset units
{LC, 2L.C and 3LC.

Returning to Fig. 1 the master control appara-
tus includes for example an inbound cycle selector
designated ICS and an outbound cycle sslector
designated CCS, conunected to the respective in-
bound and outbound detectors DDI and DDO.

Instead of each cycle selector incorporating
a separate timer for setting up the traffic sam-~
pling period as in my Patent 2,288,501 previously
mentioned, for the purpose of the present inven-
tion it is preferable to employ a common timer to
control the trafic sampling time period for both
of the cycle selectors ICS and OCS, and this com-
moen - timer is illustrated schematically by the
block CST between these two cyele selectors and
connected to them.

Below the two cycle selectors is a block desig-
nated OF illustrating the offset selector appara-
tus which conirols  the proper output circuits
ICC, OCC shown at the right for providing the
appropriate offset system for the traffic signals
in accordance with the relative positions of the.
two cycle selectors, as controiled by the inkound
and outhound traffiic detectors.

Each of the cycle selectors ICS and OCS is illus-
trated as having six output connections, corre-
sponding to the six cycle positions A, B, C,D, B, F
of the Patent 2,288,601 referred to, and in the
present invention these six cyele position connec-
tions are illustrated in Pig. 1 as extending into
the block kelow designated OS for the offset se-
lector unit. In addition to these connections a
seventh connection from each of the cycle se-
lectors to the offset selector unit is illustrated
which is in addition to those provided in the
Patent 2,288,601 referred to, and is for the pur-
pose of indicating to the offset selector when
either of the two cycle selectors ICS or OCS is
stepping down from a higher io a lower cycle
position, as for example from cycle E to cycle D,
as will be further explained in more detail below.

As will later he further exslained the inbound
cycle selector ICS will apply electric power on
one of its cycle position cutput ecircuits of its A
to P cycle scale in accordance with the cycle it
is selecting at the moment in response to its
measurement of traffic actuating the trafic de-
tector DDI. Correspondingly the suthound cycle
selector OCS will apply power on one of its six
cycle position circuits of its A to. ¥ eycle scale in
accordance with the cycle it is selecting in re-
sponse to its measurement of traffic actuating
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-the detector. DDQ. 'Thus these output cireuits
from the cycle selectors provide.input control cir-
cuits to the: affset: selector OS-according: to which
+the offset.selector provides power on:its appro-
-priate_output circuits' ICC, OCC to provide selec-
tion.of .the appropriate offset for the: traffic sig-
‘nal system.

‘As-will ;also later be described the apparatus
~can:be applied to a traffic signal system in which
the: individual signals are: controlled entirely on
-a: timed. hasis. from. the master controller so: that
‘the master controller alone is controlled by the
vtrafficractuation, and such' trafiic actuation may
come only from the inkbound.and cutbound traffic
detectors DDI and DDO for:exarayple.

The apparatus. may also: be employed however
in ‘connection with a - traffic. signal -system in
~which:one or more of the individual iraffic sig-
‘nals is controlled jointly by the master controller
-and: by local traffic actuation by means of one or
“more: traffic detectors Iscal to the individual in-
tersections in accordance with -one or another of
‘varicus well-known types of traffic -actusted
traflic signal systems.

Traffic signal systems of the first tyoe-are often
referred to as fixed time or pretimed irafic sig-
‘nal systems and those of the second type -are
-often referred to as traflic actuated signal sys-
tems.

‘Particularly where the apparatus is -applsd o
‘traffic actuated signal systems the offset sziector
apparatus- and its asscciated output circuits are
preferably arranged to provide a means of dis~
connecting the individual trafiic -signal con-
“trollers frem supervision of the masier control
under certain traffic conditions so that they can
respond locally without delay to the traffic actu-~
-ation of the local traffic detectors. -Such opera-
tion becomes desirable for example in extremely
light traffic as may occur in the late night hours
or occasionally at other times during the day. It
will be appreciated that if the flow of traffic he-
comes 0 light that there is no particular traffic
pattern and there are only occasionai isolated

cars-traveling along the highway, with frequent . 4

-occurrence of -several successive traffic signal
cycles at the various intersections ‘without any
interruption of the highway traffic in absence of
“cross-traffic and thus lack of cross-traffic actua-
tion, it becomes unnecessary to provids for any
-progressive flow of traffic through the series of
intersections and consequently unnecessary  to
provide any master control of the timing of the
individual traffic signal controllers. It will also
be appreciated that in event of failure of the
master contrel apparatus alone it will he desir-
able to free the individual traffic signal con-
‘trollers from master contrel. This is accom-
plished: in one preferred aspect of the invention
by releasing the local: traffic -signal controllers
frony master control by disconnecting power from
both of the circuits ICC and OCC.

The master control time cycle for the different
offsets and for the various trafiic -signal con-
trollers may be provided entirely from the master
‘eontrol point by direct connection individually to
the several traffic signal controllers or may be
provided by running the output circuits ICC-and
OCC to the several intersections, and providing
individual local cycle and offset units between
the master control and the local signal contrel
but located at each local signal controller to time
the proper master control time cyele for the in-
dividual local controller, under the supervision of
the master contreller.

10
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Various: systems of: control:are well-known for
this purpose. For example. the individual. local
affset -and. cycle -units. may be operated by syn-
chronous motors so as to operate each:such local
unit:in. step with the master control, and such

‘local unit may be resynchronized once per cycle

with: the master control. Each such individual

-control unit may. be operated on a long or short
‘eycle in accordance with long or short master

control cycles so that the total time cyele of all

controlled by the master control, as will b more
fully described below.

To the right of the offset selector OS in'Fig. 1
there is illustrated schematically a cycle genera-
tor unit CG which serves as a master timer for
control of the master time cycle for the several
individual. trafiic signal controllers-at the several
intersections. 'This eycle generator CG is shown
connected to six output circuits from the right
of the offset selector OS corresponding to the
scale of six cycle positions A through F for-ex-
ample. This cycle generator €G may be of the
master timer type illustrated in the Patent 2,288,-
601 for example, employing six timing motors for
six time  cycles of various length, in general

‘progressively longer over the scale of A to F for
“example, and providing individual output-civcuits

to various individual intersection controllers as
disclosed in the Patent 2,288,601 mentioned.
However this cycle generator may alternatively
provide an output of variable frequency cycle
power to operate individual synchronous motors
in cycle control timing units associated with or
forming a part of the individual traffic signal
controllers at the several intersections as indi-
cated in Fig. 2, and in such case may have the
variable frequency power output circuit VCC-f,
VCC-2 as illustrated in Fig. 1.

The output circuits ICC and OCC ertending
to the right from the offset selector OS repre-
sent circuits which are individually actuated to
provide the inbound offset control or suthound
offset control respectively for the various.indi-
vidual controilers at the various intersections for
example. As will be described more fully below,

“this arrangement permits the choice of four dif-

ferent offsets or cycle control combinabions by
these two circuits ICC and GCC, by msans of
which the inbound offset can he provided by ac-
tuation of ICC alone, the outbound offset can be
provided by actuation of OCC alone, an average
or two-way offset can be provided by actuation
of both circuits ICC and OCC together, and still
another offset or mesns of releasing the indi-
vidual intersection controllers from master con-
trol coordination to permit them to operate in-
dependently for emergency or extremely lizht
traffic conditions if desired, may Le provided by
absence of actuation of either cof the circuits 1CC

~and OCC.

If it is desired to provide individual offset, cir-
cuits at the master control apparatus or in com-
mon for the several intersections this can be
done by the provision of a mastsr cycle unit as
indicated schematically by the block designated
MCU at the lower right of Fig. 1 which has input

‘eircuits above,  connecting with the output cir-

cuits ICC and OCC of the offset selzctor, and
has output circuits below designated I0C, 00C,
AOC, and FRC to indicate schematically the in-
bound offset, outbound offset, average offset and
independent or free operation circuits respective-~
ly- previously mentioned.

“This-master cycle unit MCU is also connected
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by other input leads shown at the top to the
variable frequency power output circuit VCCI
and VCC2 of the cycle generator CG, in order to
operate the master cycle unit on longer or shorter
cycles in accordance with lower or higher fre-
quency cycle power from the cycle generator.
The master cycle unit MCU also provides prefer-
ably a resynchronizing circuit shown as circuit
RSC extending from the right side of the master
eycle unit. 'This resynchronizing circuit prefer-
ably extends to all of the individual cycle offset
units associated with the individual intersection
signal controllers to assure prompt resynchroni-
zation in the event of individual controllers or
cycle units getting temporarily out of step as a
result of power failure or the like.

The circuits OCC, ICC and RSC employ a
ground return from the individual intersection
control units in the form illustrated but may
alternatively employ a common wire return if
desired.

Referring now to Fig. 2, three intersections are
shown as illustrative of a series of intersections
along the highway HY. Individual traffic signals
for the individual intersections are indicated
schematically at ITS, 2TS and 3TS, and their
associated controllers are indicated as I'TC, 2TC
and 3TC respectively. One or more of the con-
trollers may be of the traffic actuated type as in-
dicated in the case of ITC for example which is
connected with detectors {DSI and IDS2 in the
side road approaches to the intersection. It will
be -appreciated that the controllers may alter-
natively be of the so-called fixed time or non-
traffic actuated type, which proceeds through its
cycle automatically under control of the master
cycle control apparatus from receipt of the ac-
tuating release impulses to start the individual
controller from its rest position at the proper
offset depending upon which of the offset circuits
is actuated by the offset selector apparatus in
the master control apparatus.

In similar manner the traffic actuated con-
troller will proceed through its cycle of signa] in-
dications to accord right of way to the side street
and to the highway and come to rest normally
with the right of way accorded to the highway
until a combination of two events occurs: first,
the actuation of one of the side street traffic de-
tectors and second, the receipt of the permissive
or release impulse at the proper offset in ac-
cordance with which of the offset circuits is ac-
tuated in the master control apparatus.

One form of local traffic signal controller un-~

der the control of a master control apparatus, is

shown more fully in Fig. 7 and described later in
connection with this figure. .
Referring now to Fig. 3 which shows the de-
tailed circuit of the offset selector unit, the high-
way HY and the traffic sampling detectors DDI
and DDO for inbound and outbound traffic are
shown schematically again at the top of this
figure together with the schematic showing of
their associated cycle selectors ICS and OCS and
the common traffic sampling period timer CST.
Alternating current power supply wires are
shown at the left and right sides of Fig. 3, the
A. C. power wire at the right being designated by
a plus sign in a circle and the A. C. ground or
return wire at the left being designated by a
minus sign in a circle. This plus or positive
wire preferably provides A. C. at normal supply
service voltage with respect to the minus or nega-
tive wire at the left for convenience. However a
lower voltage A. C. supply with respect to the
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negative wire is also preferably provided in such
case by the wire at the right designated LV in
a circle for some connections as described below.
Connections for power supply to the cycle selec-
tors ICS and OCS and to the timer CSY are pro-
vided via wire i3 to negative power at the leit
and via wire 11 to positive power at the right.

The connecfions from the inbound and out-
bound cycle selectors ICS and OCS are made
from their respective cycle position terminals to
the respective input circuits of the offset selector
below for the several cycle positions. The output
terminals of the inbound cycle selector ICS for
its several cycle positions are designated AI, BI,
C1, DI, EI, and FI and the corresponding output
terminals for the outbound cycle selector OCS
are designated AO, BO, CO, DO, EO and FO.
Input circuits are connected from these terminals

to the operating coils of relays in the offset selec~

tor individual to each of these circuits. These
input circuits are connected to one side of the
coil for each of the relays IA, IB, IC, ID, IE, and
IF respectively from the respective output ter-
minals AI through FI of the inbound cycle selec-
tor ICS. Input circuits for the relays OA, OB,
OC, OD, OE, and OF in the offset selector OCS
are similarly connected from the respective out-
put terminals AO through ¥O of the outbound
cycle selector OCS. The other side of the coils
of all of these relays are connected via wire 12
to the A, C. negative lead at the left side of the
figure.

During the trafic sampling period timed by
the common timer CST each of the cycle selectors
rests in one of its several cycle positions in ac-
cordance with 'a count of the traffic actuations
of its associated traffic detector, and near the
end of the traffic sampling period determines
whether it will step up to the next higher cycle
in the series from A to F or remain on the same
cycle or step down to the next lower cycle for
the next traffic sampling time period.

Each of the cycle selectors connects A. C. power
to the one of its output circuits and terminals
corresponding to the cycle position it is then
selecting and maintains power on this output
terminal until the shift is made to another out-
put terminal near the end of one of the traffic
sampling time periods.

For purpose of illustration in Fig. 2, it is as-
sumed that the inbound cycle selector ICS is in
its cycle position C and the outbound cycle selec-
tor is in its cycle position E for example, and A. C:
plus power will thus be provided over circuits CI
and EO and relays IC and O in the offset selector
will be energized and the remaining relays IA,
IB, ID, IE and IF of the inbound group and OA,
OB, OC, OD, and OF of the outbound group will
be deenergized as shown in Fig. 3.

Each of these relays is provided with a group
of contacts operated by the associated coil and
arranged in a vertical line below the coil with
a broken line indicating the several contacts as-
sociated with their operating coil. When the
coil of the relay is energized the several arma-
tures of the contacts are pulled toward the coil
away from the contacts on the far side of the
armature and toward the contacts on the near
side of the armature with respect to the coil, thus
closing the latter contacts and opening the con-
tacts on the far side.

In the case of all the relays in this figure the
contacts below the armature, that is those on
the far side of the armatures, are designated
with even number reference numbers and are
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opened only when the relay is energized, and 'such

contdcts will be referred to as break contacts in
accordance “with -widespread practice: of - those
skilled in the-art. The contacts on the upper
side” of ' the armature, that is' those ‘nearer the
relay ‘coil, -are closed -only. when: the associated
relay is energized, and will be referred to as maks
coiitacts in accordance with widespread ‘practice
in‘theart. These latter make contacts are desig-
nated by odd number reference numbers in the
figure.- In- some’cases, a -common -armature -is
employed for & make contact and a break con-
tact, as shown: for contacts ib5 and ibs for ex-
ample.

. The relay TA is provided with the make con-
tact iaT and the break :contact ia8.
IB-is provided with the make contacts b5, ib1
and-the break contact ib5." The relay IC is pro-

vided with the make contacts ich and icT and the
break contact ic6. - The relay-ID is provided with .

the make ‘contacts-id5,7id7 and the break contact
id6.: The relay. IE is provided with” the make
contacts ieb, ieT and the break contaet ie6. The

relay-IF is provided with the 'make contacts if5,"
ifT the break contact if6. The respective relays -

OA; OB, OC, OD; ORE, and OF of the outbound
group are-provided:with corresponding .contacts
respectively -with- cofresponding reference num-
bers but with the prefixes oa, 0b; oc, od, oe and of
respectively.:

Argroup of: circuits‘employing the: contacts 65
through if6 and the contacts ¢b5 through o078
are shown in:the upper part of the offset se-
lector-in- the figure, and-this group of circuits

extend: to-the-right in the figure into the left o

side of--a -cyele - generator: indicated . schemati-
cally by- the block ' CG. Power is applied from
the-offset- selector to the cycle  generator over
only one of these cireuits at any ‘one time; corre-

sponding-to -the-highest ‘cycle position assumed

by.either of the cycle selectors ICS and OCS at
that time. For example, with relay  IC ener-
gized by cycle-selector-ICS “heing.- in its C eyele
bosition-and relay: OE energized: by the cycle
selector: OCS -being in-its cycle -E position as

previously. assumed;- then-power-will' be supplied -

from:- the’ positive power wire at the right of Fig:

3-via-wire: 13, break-contact if6, wire 14, break

contact of6, wire 15, break-contact ies, wire 11,

make -contact: 0e§;: wire ECG to the eycle gener- -

ator- CG, thus: energizing - this-wire; while: the
other wires-ACG, BC@, CCG, DCG; and FCG re-
main deenergized:-

However if-it is-assumed -for example that

both of the cycle selectors ICS and OCS are in
their  A- cycle position -then relays IA and OA

only will be energized in-the inbound and out-

bound greups and-power will be applied from the'
positive power wire-vig wire- 13, break contact

if8, wire (4;-break contact -075, wire: 15, break

contact ie6, -wire |71, break-contact oes, wire (8,
break contact id6; wire-20; break contact ‘od8,

wire 21, break -contact i, wire 23, break- con-

tact oc6; wire- 24, break contact ib8, wire 26,

break contact-ob6-to-wire -ACG to cycle gener-
ator CGQ, .and the remaining wires-BCG, CCa,
D86, ECG,; and-FCG will be deenergized.

The above-group-of circuits-between the relay:

contacts ib5-through if5'andob§ through ofs

for the - circuits -ACG through FCG to. the cyele-

generator CG include the following. One cir-
cuit: connects “contacts ib5-and: ob5-in: parallel

Via- wire 28-to wire -BCG: Another circuit con- -

nects -contacts -ib6-vig wire 26 to-the' common
armature of contacts ob5-and obb; and the:con-

The relay-
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tact obE is contiected to wire ACG.: Another eir- -
cuit connects contsev ic5 ‘via wire' 25 0- con=-
tdét och and to wire'CCG. Another circuit con-

nects contact ich via wire 23 to -the -commén:
armature of contacts och ‘and -oc$,: the -contdet:
oc6 'being connected via wire 24 to the common:
armature of contacts ib5 and ib6. Ancther cir-

cuit connects contdet id5 via 'wire 22 to contidct

od5 and to wire DCCG. Another circuit. con-

nects contact id3 via wire 20 to the common‘ar-

mature of contacts ods and. od5 and the con-

tact'od8 is in turn connected via wire 21 ‘to thé

common armature ‘of the contacts ic5 arid ich.:
Another circuit' connects contact ie5’ via -wire :
19 to cohtact oed and to wire ECG. Another.
circuit connects contact ie6 via:wire 17 tothe

common armature of contacts o0e5” and - o€s,

and the contact oe§'is connected via wire'18:to-
the common ‘armature of contacts id5 ‘and id6.
Another circuit conneets contact if5 vig wire (8§
to contact 05 and to wire FCG. Another cir-

cuit connects the contact 76 via wire 14 to the

common armature of ‘contacts of5 and of6, and:
the eontact 0f8 is in turn connected:via wire {5°
t0 "the common armature of contacts ie5 and-
ie6. Another circuit connects plus power via wirs:
13 t6 the common armature of the contacts if5 -
and 2f5.:

Another gréup of circtuits employ the contact:
groups ‘iaT through i1 and ogl through ofT.
These circuits are associatéd with the selection
ofthe inbound or outbound’ offset output ciicuits
ICC and ‘OCC in accordarnce with: the relative -
positions of the two cycle-selectors ICS and OCS:
as indicated by the closing of one'of thée con--
tactsin the inbound and cne of the contdets in’
théoutbound group ‘just mentioned.” This se<
lection of the offset circuits is accomplistied: by
the selective operalbion of one or the othér' of
the: two relays IR .and OR shown to. the. left
and -right of two triode tube: sections IV and-
OV shown having a'comimon’ tube envelope in
the lower part of Fig. 3. It will be obvious that
these “tube * sections could be- in sévarate "en-
velohes” butate ‘shown in the preferred: form
with a’ comineon envelope:

The relay OR is-in the ahodé circuit of the:
tubé'section OV and the relay IR is in“the ancde
circuit of ‘the tube section IV; each tube section
being coitrolied by its‘own grid: THe grig volt=
age’for the tube’ séctions is controlled from’ the
output wiiiding  TH3-—§—5 of the transiormer
TH shown ‘below’ the tibe sections IV and OV
in‘accordance with the polarity and relative value
of- Al C. potential applied ‘across the primary or
input ‘winding TH{(—2 of the transformer TH '
connected via the wires' 30 and 31 to the inbound
and’ outbouild relay contact groups izl through
ifT-and oal through 0f7 and by the group of
circuits from- the armatures of these make con-
tacts"to"taps-on-a’ poténtiometer formed by a
series of resistors Ri, R2, R3, R4, R5 shown ar- -
ranged vertically at the middle of Big: 3.

Thé left side TH-—i of the input winding of

~the transformier TH is connected via wire 20 in

parallel ' to the upper sides of the several con-
tacts ial, ib1, icl, id1, ie¥ ‘and if1. The oppo-
sité side TH—2 of the input’ winding of the
transformer TH is connected: via ‘wire 31 in par-
allel’ to the uppér sides of the several make con-
tacts oe?, ob1, ocl, odl, oel and ofl. The ar-

matures comprising the lower sides of the maks
contatts of7 and-ifT are connected in parallel
via''wire 32 to thé upper end of resistor R{ and
alse via switch SW2 t6 the low voltage A, C.
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power wire LV at the right side of the figure.
Wire 33 connects the armature of contact oel
with the common tap between resistors Ri and
R2.

" This common tap is also connected via wire 34
to the armature of contact ie7. The armature of
contact od1 is connected via wire 35 to the tap
bétween resistor R2 and resistor R3, this tap in
tuin being connected via wiré 3€ to the armature
id1. The armature of contast ocT is connected
via, wire 37 to the common tap between resistors
R3 and R4, which tap is also connecied via wire
38 to the armature of contact ic7. The armature
of contact ob1 is connected via wire 39 to the com-
mon tap between resistors R4 and RE, which tap
is also connected via wire 48 to the armature of
contact ibl. The armature of contact oa¥: is
connected via wire 41 to the lower end of re-
sistor R5 which is also connected via wires 42
and 44 to the armature of contact ia?. This low-
er end of resistor RS is the lower end of the poten-
tiometer formed by the resistors R{i to RS, and
is also connected via wires 42 and 43 to the hega-
tive power wire at the left of the figure. These
resistors Ri toc RS are preferably ©f the same
value and togsther in series provide a potentiom-
eter between the A. C. power line L.V at the right
and the negative A. C. power line st the left.

In the operation of the offset selector, one of-

the group of contacts oaT to of7 will be closed in
accordance with the cycle position in which the
outhbound cycle selector OQCS is resting at any one
time, and one of the sroup of contacts ia? to if7
will be clesed in accordance with the cycle posi-
tion in which the inbound cycle selector ICS is
resting at the same time. By virtue of the
closure of one of the outbhound group of thsse
contacts the right side of the input of transformer
TH will be connected via wire 34, via the closed
contact to a particular tap on the potentiometer
provided by the resistors Rl to RE. Correspond-
ingly the closure of one of the inhound group of
these contacts will connect the left side of the
input of fransformer TH via wire 38 and the
closed inkeund contact to a particular tap on the
potentiometer RI to RBS.

For example if the eycle selector ICS is in the
top cvecle position F and the cycle selector OCS
is in the bottom cycle position A then the contast
if1 will be closed and connect the left side of the
input of transformer TH to the upper end of re-
sistor R, and the contact caT will be closed to
connect the right side of input of transformer
TH to the lower end of resistor R5 so that the
full low voltage A. C. potential between the posi-
tive side L.V and the negative power wire will be
connected across the transformer TH input with
the polarity such that the left side of this input
winding will be connected to the A. C. power

line LV and the right side of the input winding

will be connected to the negative side of the A. C.
power line. ‘

However if for example the cycle selector ICS
is in its lowest cyele position A and the ecycle
selector OCS is in its top cycle position P the
conditions will be reversed and the left side of
the input winding of transformer TH will be con-
nected via closed contact ie? to the negative A. C.
power line at the lower end of resistor RE, and
the right side of the input winding of the trans-
former TH will be connected via the closed con-
tact ofT to the A. C. power line 1.V and the upper
end of resistor RI, thus connecting the full low
voltage A. C, potential across the input winding
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again but with reverse polarity as cormpared with
the condition previously recited.

If as originally assumed for illustration the
cycle selectors ICS and OCS are in positions C
and E respectively then contacts ic? and cel will
be closed as shown in Fig. 3, and the left side of
input winding THI-—2 will be connected via wire
38, contact ic1 and wire 38 to the tap between
resistors R3 and R4, and the right side of input
winding THI—2 will be connected via wire §i,
contact oel, wire 33, to the tap between resistors
Ri and R2.

It will be clear from an inspection of the cir-
cuit arrangements described for the contact
groups ial to ifT and oal to ofT and the poten-
tiometer Ri to R5 that if the cycle selectors ICS
and OCS are in the same cycle positions both
ends of the input winding of transformer TH will
be connected to the same tap on the poten-
tiometer RI—R5 and there will be no A. C. power
supplied to this input winding, but to the extent
that either of the cycle selectors ICS or OCS is
above the other in its scale of cycle positions A
to P its particular end of the transformer input
winding will be connected to a higher A. C. power
potential than the other end, and the farther
apart the cycle selectors are on their correspond-
ing scales of cycle positions the higher will be
the A. C. potential difference applied to the input
winding, so that both the polarity and the poten-
tial difference applied to this input winding are
determined by the relative positions of the two
cycle selectors.

The control effect just described on the input
winding of transformer TH is employed to con-
trol the triode sections IV and OV through their
respective control grids, by connection of the lat-
ter to the output winding TH3—5 of the trans-
former TH, so that neither of the anode circuits
of these triode sections are conducting if no
potential difference is applied to the input wind-
ing THI—2 or if only a very low potential is
applied to this winding as in the case of the
two cycle selectors ICS and OCS being in sub-
stantially corresponding cycle positions. How-
ever one or the other of the anode circuits of
these triode sections will be made conducting by
the effect of the transformer TH on the respec-
tive control grids by sufficient potential differen--
ence applied to the input winding TH{—2 and
in accordance with the polarity of this potential
difference. For example, if the inbound cycle
selector ICS is substantially higher in the scale
of cycle positions than the outbound cycle selec-
tor OCS, the polarity and potential difference
applied to the input winding THI{—2 will be
such as to operate in conjunction with the
polarity and magnitude of the cathode to ground
and anode to ground voltages on triode sections
IV and OV so as to make the anode circuit of IV
conducting and the anode circuit of OV non-
conducting. On the other hand if eycle selector
OCS is in a substantially higher scale position
than cycle selector ICS the potential and polarity
applied to the input winding THI{—2 will be re-
versed to make triode OV conducting and triode
IV nonconducting.

The grid control of the triode sections IV and
OV is provided by connection with the output
winding TH3—5 of transformer TH, the middle
of this output winding at THA4 being connected
via wire 46 to the negative A. C. power line.
The left end TH3 of this output winding is
connected via resistor R8, wire 47 and resistor R6
to the control grid of the triode section IV, The
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right end THS5 of this output winding is con-
nected via resistor R9, wire 48, resistor R1 to the
control grid of the triode section OV.

The anode circuits of triodes IV and OV are
connected to the positive side of the A. C:line via
the respective coils IR and OR and wire 52. The
cathodes of these sections are connected “to
potentiometer Pl to obtain from the low voltage
A. C. circuit IV a cathode supply potential
having the same polarity as the A. C. positive
line and of magnitude as determined by poten-
tiometer PI. When the potential across wind-
ing THI—2 is zero or some low value, the. grids
are set negative relative to the cathodes to such
an extent as to have both triode sections. IV
and OV in a non-conducting state when- wire-52
is positive with respect to ground. Both triode
sections will be non-conducting when wire 52
is negative with respect to ground.

The polarity and.magnitude of the voltage ap-
plied to transformer winding THi{—2 deter-
mines the polarity and magnitude of the grid
voltage applied to the two triodes with respect
to ground. The voltages applied to the two
grids .are 180 degrees out of phase and therefore
only one section can become conducting with
any given applied voltage to the primary of
transformer THI{—2, One section will have a
negative potential applied to the grid with re-
spect to ground in addition to the positive. poten-
tial between the cathode and ground during the
time that the anode voltage is positive with re-
spect to ground and therefore remains non-con-
ducting. -As-a. result of:.a- positive:grid. voltage
of suffieient. magnitude with. respect to ground
to- overcome: the- effeet:: of . the- positive: cathode:
potential:with:-respeet to ground;in the.other sec-
tion this other section: will-beecome. conducting:
sinee-the A, C. potential applied to the -anode
is.positive during this time..

The- magnitude- of- the- voltage: across winding
THI{—2. required to make one-of the triodes con-
ducting is determined. by the magnitude of: the.
voltage-on:both-cathodes as .set by-potentiometer
P{. -One-end of this: petentiometer is-connected:
to.A: C. negative power via-wire 54 and-the-other
end .is- connected  via wire 5f toc. A. C. power
wire: LV,

Thus the number: of: cycle: positions separation:

between.the two cycle selectors ICS and OCSre- |,

quired- to make one' of the .triodes conducting: is.
adjustable by means of potentiometer P1:so that:
the: selection of one or the: other. of the two.
anode. cireuits: of the-triode sections IV and: OV

to select’ one-or: the:other ofi the two: directional ;

offset. output: circuits: can be:made: to depend:on
a-relatively small difference in.trzfficin the two
directions: or on a relatively. large: difference;- as:
desired by the traffic. authorities.. Thus. the:

selection of a preferential offset for one direction. ¢

can be made to depend.on.the. offset:selector:
for that direction being one,. or. two,. or:more-
positions absve the cyclerselector:for the- other:
direction..

Also as will be more: fully deseribed:below this.
adjustment determines the-extent: to-which- the:
intermediate or average offset is maintained for-
some “degree of separation of:the cycle: selectors
on their scale of: cycle  positions sinee: in: one
preferred: arrangement: according to.the:inven-.
tion if neither: inbound nor outbound: offset is-
selected, as. by both:ofthe:anode circuits.of the
triode sections: IV and.QV being non-=conducting
then the intermediateror.average offsetiis selected.
This latter: selection:of .the: average offset: may-
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be' made for- the:cycle: selectors ICS: and OCS
being-atior near the same cycle position over the
whole scale from A to F, or may be made only
when either cycle selector is higher than cycle
position A, as desired. In the latter form of
the invention a fourth offset or free independent
operation for. example may be provided by both
of' the cycle. selectors being in' the lowest cycle
position. A, but the intermediate or average off-

. set provided with the ecycle selectors in sub-

stantially corresponding cycle positions higher
than A.

The selection of preferential oilset for one or
the- other-direction or of average. offsei, in ac-
cordance with the degree of. szparation of the
two. cycle selectors. in their scales of cycle: posi-
tions has jiist been:described with switch SW2
in its:closed pocition. as. shown in. Fig. 3.

If switch @W2 is:in its open position the de-
gree of separation of the two cycle selectors
required to change from average to preferential
offset can be made greater than the degree
required to maintain such preferential offset
against change bhack to average offset. This
biasing-action is sometimes desirable tc increase
the stahility of the system of offset selection
against toc frequent shift of offset under rapidly
varying trafilic conditions for example.

This biasing action is- obtained by means of
the adjustable poienticmeter P2 in cooperation
with potentiometer 21 and the contacts of the
relays IR and OR, as will be more- fully de-
scribed below.

With this kiasing control; if twe cycle positions

5 separation is:-vequired to select initially the out-

bound offset then the cperation of the relay CR
in this selection can be made to affect the con-
trol of the grid circuits for the triodes IV and
OV to maintain this offset selection even though
the outhound cycle selector should step down one
step to reduce the separation between the cycle
seiectors to cmne cycle position for example.
With  the switch SW2 open to provide this bias-
ing- acticn the degree of biasing action can be
controlled by-adjustment of the rclative posi-
tions by the two potentiometers PI and P2: With
the outbound offset seiected for example the
petentiometer P! can he adjusted to determine
the number of positions separation between the
cycle selectors for shifting back to average off-
set. Then having made that shift the nuraber
of positions necessary to shift again to outbound
offset for example can be determined by ad-
justing: of the potentiometer P2 and thereby a
greater separation can thus be provided for an
initial shift to a preferential offset than is re-
quired to maintain such preferential offsct.

This biasing action is obtained with the switch
SW2 open to make effective-the following cir-
cuits shown in the lower nart of Fig. 3. The
right side of the potentiometer P—2 is connected
via wire 85 to the low voltage A. C. power LV,
The right side of the potentiometer P2 is also
connected via wire 84 to the armature of make
contact o771 of relay OR, and via wire 82 to. the
armature of the make contact i1 of reiay IR.
Potentiometer P2 as shown. serves as a variable
resistance.

The variable arin of potenticmeter P2 is con-
nected via wire 88 and wire 89 to wire 32, which
i turn is connected to the upper end of the
potentiometer RI—-R5. This arm of roten-

tiometer P2is also connected via wire 8%, wire
§! to:the make contact or1, and also via wire
Thus when either

92 to-the make contact irl.
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of these make contacts is closed by the energi-
zation of the associated relay IR or OR, the
potentiometer P2 will be shunfted and the A. C.
voltage applied to potentiometer RI—R5 will be
greater than with both contacts #T and orl
open.

Under the condition of either relay IR or OR.

energized, the potentiometer P1 can be used-to
set the degree of separation of the two cycle
selectors that will just maintain the preferential
offset. At a smaller degree of separation the
offset selector will return to average offset, under
which condition relays OR and IR will both
be deenergized, thereby opening the shunting
of potentiometer P2 by either contact or7 or irT.
The total voltage across potentiometer RI—RS
is now less than the condition where potenti-
ometer P2 was shunted;, the amount of reduc-
tion of voltage depending upon the amount of
resistance of potentiometer P2 included in the
circuit. With this reduced voltage operating in
potentiometer RI-—R5 the degree of separation
of the two cycle selectors which will be sufficient
to cause either of the relays OR or IR to become
energized again and select a preferential offset,
will be greater.

The selection of the offsets by actuation of
the respective output circuits ICC and OCC is
accomplished by operation of the respective re-
lays IR and OR, which are connected in the
anode circuits of the respective triodes IV and
OV, the circuits ICC and OCC being controlled
by contacts on these relays. The circuit OCC
is connected through a break contact ird of relay
IR. When this break contact ird is closed, as
when relay IR is deenergized, the circuit OCC
is connected via contact ird, and wire 61 to the
break contact ia8 of relay IA, and is also con-
nected via wire 61 and wire 62 to the break con-

tact oa8 of relay OA. When cycle selector ICS

is in any cycle position other than cycle position
A the break contact ia8 will be closed and con-
nect positive power via wire 63, wire 64, contact
ia8 to wire 61, and when cycle selector OCS is
in any cycle position other than its cycle posi-
tion A, then contact oa8 will be closed and posi-
tive power will be connected via wire 63, con-
tact oa8, wire 62 to wire 6f. Thus if either cycle
selector is off of ifs cycle position A, then wire
61 will have positive power and will supply this
positive power over either one or both of the
contacts ir4 or ord if either one or both of these
contacts is closed.

If cycle selector ICS is in a sufficiently higher
cycle position than cycle selector OCS, then
relay IR will be energized and relay OR will be
deenergized. Thus contact ird will be open and
contact ord will be closed, and the positive power
previously described as applied under this con-
dition to wire 61 will also be applied via wire 65
and the closed contact ord to the output offset
circuit ICC. Under this condition the contact
irft will be open so that the output offset circuit
OCC will be disconnected from the positive power
on wire 61.

If on the other hand cycle selector OCS is in
a sufficiently higher cycle position than cycle
selector ICS, then relay OR will be energized and
relay IR will be deenergized, and in this latter
condition the oubtput offset circuit OCC will be
energized by the closed contact ird from thse
positive power on wire §1 as previously described
and the output offset circuit ICC will be de-

‘energized because of the open contact ord.
If the offset selectors ICS and OCS are not
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sufficiently far apart in cycle positions however
to energize either relay IR or OR in the anode
circuits of triode IV and OV, then with both of
these relays deenergized both contacts ir4 and
ord will be closed and if either cycle selector is
off of its lowest cycle A position, che of the con-
tacts it8 and oa8 will be closed as previously
described and positive A. C. power will be ap-
plied to wire 61 and via contacts ird and ord to
energize both output circuits OCC and ICC.

In the event that it is desired to employ the
condition of deenergization of both of the out-
put circuits ‘OCC and ICC as a control for free
operation of the individual controllers or for
a fourth offset of a type different from the other
three offsets for outbound traffic, inbound traf-
fic and average traffic for example, the posi-
tioning of both cycle selectors ICS and OCS in
the A cycle position will open both contacts ia8
and oa8 and thus disconnect wire 6f from the
A. C. positive power on wire 63, and with switch
SWi in the open position shown in Fig. 3 no
A. C. positive power will be supplied to either of
contacts ird or ord and A. C. power will there-
fore be disconnected from. the ouiput circuits
OCC and ICC even though both of the relays IR
and OR are deenergized with both cycle selec-
tors ICS and OCS in position A. -

If it is desired however to provide the same
average cycle offset with both ecycle selectors in
position A as with both cycle selectors in any
one cf the other cycle positions the switch SWiI
can be closed and thus connect positive power

‘via switch SWi and wire 68 to contact ord and

via wire 85 to contact ir4 so that both output

eircuits OCC and ICC will be energized even with

both cycle selectors in the cycle A position de-
spite the opening of both contacts ia8 and oa8..
The voltage applies to potentiometer RI—RS

‘is sufficient so that for any number of positions

of separation of the cycle selectors required for

‘a preferential offset selection the change of

separation to such number of positions from one
less number will produce a change at the grid
of one of the triodes to switeh that triode from
nonconducting to conducting condition.

To limit the grid current drawn by the con-
ducting tricde in the event of a large voltage on
transformer TH, due to the cycle selectors being
several positions apart for example, or due to
operation of relay SD, the resistors R§ and RT
are employed in the grid circuits of triodes IV
and OV respectively.

Resistor R8 between wire 471 and transformer
terminal THS, and resistor R9-between wire 48
and transformer terminal THS, limit the cur-
rent through transformer TH and the current
from the power supply LV when relay SD is op-
erated. ‘

In order to improve the operation of relays
IR and OR on the A. C. power positive excur-
sions the capacitors IK and OK are preferably
connected across the coils of relays IR and OR
respectively.

At the lower left in F1g 3 a relay SD is shown
which is provided with make contacts sd$, sdb,
sd1, sd9, and sdft. The right side of the coil of
relay SD is connected via wire 52 to the A. C.
positive power wire and the left side of this coil
is connected via wire 53 to output circuits in
parallel from the two cycle selectors ICS and

‘OCS. As will more fully appear by reference to

Fig. 4 each of these output circuits connects
wire 53 with a make contact on a relay SC in its
associated cycle selector.  Each cycle selector
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as disclosed in the aforementioned Patent
2,288,601 incorporates a relay SC which is ener-
gized only during the stepping down operation
of that cycle selector.

For the purpose of the present invention where
a cycle selector is employed of the type having
a cyclic switch which has a six step scale of
cycle positions and is stepped forward rapidly
five positions in order to produce the equivalent
of stepping backward one position, as deseribed
in the Patent 2,288,501, an additional make con-
tact is preferably provided in each cycle selec-
fer on its relay 8C. This make contact, which
is designated sc3, will supply negative A. C.
power via wire 53 to the left side of the coil of
relay S and thus energize relay SID when either
onrte or hoth of the cycle selectors ICS and OCS
is stepping down.

An alternate arrangement for energizing relay
SD may be employed by connecting the wire 532
to the input circuits providing the step down
pulse from the common cycle selector sampling
period timer CST to the respective cycle selec-
tors ICS and OCS. This alternate arrangement

will avoid the provision of additional contacts :

on the eycle selector relays SC but will cause the
energization of relay SD at each actuation of the
step down pulse civeuit from this common timer
CST whether or not either of the eycle selectors
is actnally stepping down at that time.

With either of these alternate methods of
energizing relay SD the purpose of so energiz-
ing relay SD is to control circuits to maintain
the offset selection in its proper condition dur-
ing any stepping down operation of the cycle
selectors where the cycle selector is of the type
that has a six step scale of cycle positions and
steps forward rapidly five steps in order to step
down one step for example. It will be obvious
under such conditions that the cycle selector
stepping down will step successively through all
of the intervening poesitions and thus may ener-
gize momentarily in sequence the several relays
of the TA to IF or OA to OF groups. Since this
action would produce artificial transcient con-
ditions of different combinations of eycle posi-
tions for the two cycle selectors and correspond-
ing conditions of potential and polarity on the
transformer TH and on the control grids of
triodes IV and OV as previously described, it is
desirable to provide for maintaining the triodes
IV and OV and their respective relays IR and
OR in whatever condition they were at the
beginning of this stepping down operation. In
other words, during the stepping down opera-
tion of either of the cycle selectors, in order to
avoid any transient effects the relays TR and
OR are maintained in the same condition as at
the beginning of the stepping down operation
by the operation of relay SD and its contacts
in cooperation with the contacts #5 and ir§ of
relay IR and the contacts or5 and or§ of relay
OR as will now be described.

Assume for example that both cycle selectors

ICS and OCS have been in cycle position C and

cycle selector ICS now starts stepping down to
cycle position B upon receipt of the step down
bulse from the common timer CST. It isassumed
that the cycle selector OCS has received sufficient
traffic actuations to hold it in its cycle position
C and prevent it from stepping down to cycle B
at the time of receipt of the step down pulse
from the timer CST. Under these conditions
when the step down pulse is first received with
cycle selectors ICS and OCS both in the cycle
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C position the relays IR and OR. will both be
deenergized and will thus have their make con-
tacts @b and or5 open and break contacts ir6
and orf closed respectively. Therefore under
these conditions negative A. C. power will be
supplied via wire Ti, make contact sd!{, break
contact ir§, and wire 12 to resistor R8 and to
wire 47 and resistor R6 to maintain a sufficiently
low or substantially ground grid potential on
the tricde section IV to maintain its anode cir-
cuit nonconducting and maintain relay IR de-
energized throughout the stepdown operation
during which the relay SD is energized. Alsc
under these conditions negative A. C. power is
supplied via wire 78, make contact sd1, wire
13, break contact or6, wire 74 to resistor R9 and
to wire 48 and resistor R7T, to apply a sufficiently
low or substantially ground grid potential to
the triode section OV to maintain its anode cir-
cuit at a very low conduction or substantially
nonconducting level so as to keep the relay OR
deenergized during the step down operation.

It will now ke assumed for example that the
cycle selectors ICS and OCS are in cycle posi-
tions E and C respectively at the beginning of
the stepdown operation of either of the cycle
selectors and that relay IR is energized and relay
OR deenergized. Then as soon as relay SD is
energized at the beginning of the stepdown
operation low voltage positive A. C. from wire
LYV for example will be applied via wire 75 and
wire 18, via wire 11, make contact sd8, via make
contact irh, wire 72, wire 41 to resistor R§ for
the grid of triode section, IV to apply a sufficient-
ly positive potential on the grid to maintain
the triode section IV conducting for energiza-
tion of its anode circuit despite any opposite
potentials supplied to the transformer TH by
the transient separations of the cycle selectors
with respect tc their cycle positions during the
step down operation of either one. Under the
conditions just assumed with cycle selectors
ICS and OCS in positions E and C respectively,
relay OR is maintained deenergized during step-
down operation by the circuit previously de-
scribed over make contact sd1 and break con-
tact or6é to maintain substantially ground or low
grid potential on tricde section IV.

If it is now assumed that the cycle selectors
ICS and OCS are in cycle positions ¢ and B
respectively for example, with relay IR deener-
gized and relay OR energized as shown in Fig. 3,
immediately before the start of sten-down
operation of either cycle selector, then relay OR
will be maintained energized, during the step-
down operation, by the following circuit. Low
voltage A. C. positive power is applied from wire
LV via wire 75, wire 76, make contact sd3, wire
18, make contact o735, wire 74 and wire 48 through
resistor RT to the grid of triode section OV so
as to maintain a sufficiently high positive voltage
on this contro! grid to maintain the triode sec-
tion OV conducting to hold relay OR energized
during the step-down operation. Relay IR is
maintained deenergized under the present as-
sumed conditions by the previously describad cir-
cuit supplying negative A. C. power via wire il,
make contact sdil, break contact ird, wire 72
and wire 47 through resistor R6 to the control
grid of triode section IV.

Thus as descibed above the relays IR and OR
are maintained in whatever condition of ener-
gization of either one energized or both deener-
gized these relays had immediately prior to the he-
ginning of the step-down operation. This is con-
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trolled by the relay SD to maintain this holding
condition throughout the step-down operation
and then release it so that at the end of the step-
down operation the relays IR and OR assume
whatever condition of energization and deener-
gization is needed to correspond with the new
steady state positions of the cycle selectors ICS
and OCS.

It will be appreciated that if a cycle selector
employing a reversible stepping switch is used
instead of a cycle selector which steps forward
five steps in order to step down one step in a
repeated scale of six positions, then the relay SD
and its associated circuits via the contacts ir5,

ir8, ord and or§ will not be necessary, since in this !

case the step-down will be directly from one cycle
position to the next lower cycle position without
intervening transient conditions. : :

In this connection a further protective circuit

is provided in connection with step-down opera- =

tion by the make contact sd3 of relay SD in order
to connect positive A. C. power via wire 8{ and
contact sd3 to wires 61 and 6% so as to maintain
A. C. power to contacts ird4 and ord during step-
down operation of one of the ecycle selectors while
the other is resting in the cycle A position. This
auxiliary supply of A. C. power to contacts ird
and ord under this condition will maintain the
power supplied to either or both of the circuits
OCC and ICC in accordance with the opened or
closed condition of the respective contacts ird
and ord corresponding to the energized or deen-
ergized conditions of their associated relays IR
and OR at the beginning of the step-down oper-
ation. It will be appreciated that if one of the
cycle selectors happens to be resting in its .cycle
A position while the other cycle selector happens
to be stepping down by stepping ahead five steps
from one intermediate cycle position to anether
intermediate lower cycle position the second cycle
selector will momentarily pass.through its cycle
A position in such step-down operation and this
would momentarily disconnect the power supply
via the contacts ir4 and ord for the circuit ICC
to OCC unless this auxiliary power supply via
wire 8f and contact sd3 were provided at this
time.

It will' also be appreciated that this circuit
via contact sd3 and wire 81 could also be elimi-
nated if a reversible type of stepping switeh is
employed in the cycle selectors so the step-down
operation could be made directly down one step
instead of by stepping up one less step than the
total number of steps in a repeated scale of posi-
tions, as previously described.

Referring now to Fig. 4 there is shown the cir-
cuit and cam diagram for the common sampling
period timer CST employed for the two cycle se-
lectors ICS and OCS. These cycle selectors are
indicated at the left and right of Fig. 4, and
enough of the external connecting wires are in-
dicated schematically in Fig. 4 as in Fig. 1 and Fig.
3 to correlate these units of the master control
apparatus as shown in the several figures.

As in the previously mentioned Patent 2,288,601
relating to a single cycle selector employing a
single sampling period timer, the present com-
moen sampling period timer CST employs a con-
tinuously operating motor M and the cams S, T,
and R operated by this motor, as shown inside
the block designated CST in Fig. 4. These cams
open and close periodically the respective con-
tacts SI, T and R, in a traffic sampling period
time cycle as indicated by the cam contour and
the. accompanying cam chart showing. by -the
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heavy black lines the approximate points in the
sampling period at which these contacts are
closed.

It will be noted in Fig. 4 that the contacts SI,
T and Ri connect to wires leading to the left
into the inbound cycle selector ICS in which they
are designated I-16, I-14 and I-T19 respectively
to indicate the corresponding wires 76, 14, 19 in
the cycle selector circuit shown in the above men-
tioned Patent 2,288,601. In connection with the

‘present invention, which employs two cycle se-

lectors, the additional cam contacts S2, T2 and
R2 are provided, to be operated by the cams S,
T, and R respectively at the same times as con-
tacts Si, T1 and R, and these added contacts
S2, T2 and R2 are connected respectively to the
wires extending to the right into the outbound
cycle selector OCS, these wires being designated
©--16. O-74, and O-19 respectively to correspond
with the wires 76, 74 and 79 of the cycle selector

-circuit of Patent 2,288,601 as previously men-

tioned.

One side of the motor is connected to A. C.
positive power via wire {{ and the other side of
the motor and the cam following members of all
the cam contacts are connected to negative A. C.
power via wire 18, so that negative power is ap-
plied to the wires to both cycle selectors when the
associated cam contacts are closed, but these cir-
cuits are separated from each other when the
associated cam contacts are open.

As more fully described in the above men-
tioned Patent 2,288,601 the sampling period tim-
er may provide a sampling time period of ap-
proximately six minutes by one revolution of its
cams for example, and during this sampling time
period it maintains contacts T1 and T2 closed
except at the end of the period at which time
the contacts are opened briefly to release a count-
ing limit relay in connsction with reset of the
traffic counting to start a new sampling period.
The cam S closes its contacts S1 and S2 very
briefly at a point somewhat before the end of the
sampling time period to potentialize the cycle se-
lectors to step up to the next higher cycle posi-
tion if sufficient traffic has been counted at that
time. The cam R closss its contacts Rl and R2
just prior to the end of the sampling time period
to potentialize the cycle selectors to step down to
the next lower cycle position if insufficient traffic
has been counted at this time. The cam R and its
contacts R{ and R2 also serve to reset the traffic
counting for the succeeding sampling time period.
Although both cycle selectors are potentialized to
step up or down as just described, each cycle se~
lector steps up or down or remains unchanged in
accordance with its own traffic counting inde-
pendent of the other.

The relay contacts SCE shown in the cycle se-
lectors in Fig. 4 are connected to wire 53, which
extends to one side of the coil of relay SD in Fig.
2 to operate the latier as previously described.
The relay contacts SC2 are make contacts and
are associated with the coils of the relay SC
shown in phantom in the two cycle selectors ICS
and OCS. The relay SC is energized briefly when
its associated cycle selector is stepping down to a
lower cycle position.

Referring now to Fig. & a circuit arrangement
for one form of the cycle generator CG is shown,
employing a series A. C. motor designated M and
associated A. C. generator driven by the motor

‘M. The speed of the motor M and generator GN
-is varied by the several cireuits ACG, BCG, CCG,
-DCG, ECG, FCG connected by adjustable taps
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-on the potentiometer P3 shown in the left side of
the block CG. This potentiometer P3 provides
resistance in series with the motor circuit, the
amount of such resistance being varied in accord-
ance with the particular one of the several cir-
cuits ACG through FCG energized from A. C.
positive power through the operation of the off-
set selector OS as described in connection with
Fig. 3. The offset selector will energize only one
of these circuits at a time from A. C. power in
accordance with the highest position assumed
at that time by either of the cycle selectors ICS
or OCS. The A. C. power thus applied via one
-of these circuits will extend from the associated
tap on the potentiometer P3 through the upper
part of the potentiometer P3 to the left side of
the motor M, the right side of this motor being
connected to negative A. C. power. Thus the
speed of the motor will be varied and the speed
"of the generator will be correspondingly varied
to vary the frequency of the A. C. output of the
generator as supplied to the output ecircuit
VCC—I and VCC—2. A voltage regulator VR
is preferably connected across the circuit
VCC—I and VCC—2 to maintain a substantially
constant voltage output for the varying fre-
quency.

For the particular conditions illustrated in Fig.
3 with cycle selector ICS in position C and eycle
selector OCS in position E, the eycle length out-
put control wire ECG from the offset selector will
be energized from A. C. positive power as pre~
viously described in connection with Fig. 3, and
-this wire will supply this A. C. power to a relative-

ly high resistance point on the potentiometer P3 °

in Fig. 5 to drive the motor relatively slowly in
the cycle generator CG so that a relatively low
frequency output will be suppleid on the wires
VCC—i and VCC—2 from the generator GN.

Referring now to Fig. 6 two representative in-
tersections along the highway HY are again
shown, together with the master control wires
extending along the highway, providing the var-
iable cycle power circuit VCC—I and VCC—2 and
the ofiset control circuits OCC and ICC, as well
as the resynchronizing circuit RSC as previously
deseribed. In addition in Fig. 6 however one
form of the circuit of the local cycle-offset con-
trol unit is shown. The circuit is shown for each
of two local control units {LC and 2LC, illustrat-
ing that the circuits may be the same although
the positions of the camg or other suitable devices
for providing the individual offsets for the indi-
vidual traffic controllers may he different at dif-
ferent intersections.

Thus. the circuit and cam arrangement for the
local cycle offset unit {LC is shown at the left
of Fig. 6 and the circuit and cam arrangement
for the unit 2LC is shown at the right. The two
cam arrangements illustrate two different sets
of offsets for the two traffic controllers {'TC and
2TC for the respective signals TS and 2TS, as
will be noted from the different positions illus-
trated for the respective sets of cams.

Referring now to the circuit for the local offset
unit {LC at the left of Fig. 6, three relays are
shown IBR, {AR and IRS, the designation of the
velay heing applied to the coil and the associated
contacts being indicated by a broken line extend-
ing from the coils to the armatures of the con-
tacts as previously described and illustrated in
connection with Fig. 3. To the right of the relays
a motor driven group of cams LCR, ICA, ICI, and
1CC are shown, and to the left of these cams a
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-group of cam contacts, operated by the respective

cams, are shown and designated ISR, 181, 182
and 1S3,

The several cams are rotated by the synchron-
ous motor iM which is energized preferably via
an amplifier {AM from the variable cycle leads
VCC—1 and VCC-—2 to which it is connected as
shown. The right side of the output of the am-
plifier is continuously connected to the coil of the
motor M and the left side of the amplifier out-
put is connected to ground, and is completed to
the motor coil via a break contact {rsd of relay
IRS, and a cam contact ISR connected in par-
allel by wire 124, either of which contacts may
complete the circuit over a wire {23 to the motor
coil. The motor IM is operated at a slow or fast
rate ag desired in accordance with the relatively
low or relatively high frequency power on the
variable frequency power circuit VCC—I and
VCC—2, so long as either cam contact ISR or
relay contact 1rs§ is closed.

Resynchronization is provided omce per cycle
by the cooperative action of these contacts with
relay IRS being under control of the master con-
trol unit MCU of Fig. 1 and Fig. 8. The latter
unit contains a resynchronization control cam
MCR. For best continuity of service cam MCR
is shaped to open its contacts MSR for a slightly
longer pericd than the local unit cams ICR and
2CR for example. The internal apparatus and
wiring of the master control unit MCU is shown
in Fig. 8.

The master control resynchronization cam
MCR will close its associated contacts MSR
throughout all but a small part of its cycle and
open these contacts briefly for this small part
of its cycle. The notched portion of cam ICR
shown at the left of the cam is illustrative of the
part of the cycle during which the contacts ISR
are opened. Thus it wi'l be understood that the
cams ICR and 2CR of Fig. 6 will be rotating in
synchronism with the similar cam MCR in Fig. 8.
When cam MCR opens its contacts positive
power will be disconnected from the resynchroniz-
ing wire RSC common to the several intersections
along the highway HY. This deenergization of
wire RSC will deenergize relays IRS and 2RS
as shown in Fig. 6, thus closing the break con-
tacts frs4 and 2rs4 to complete the left side of

‘the coil circuits from the motors IM and 2M

respectively to their respective amplifiers.

Thus if by reason of a momentary power
failure or some other factor the motor 1M and
its associated cam group were to fall behind the
master control unit MCU, the cam {CR would
open its contacts ISR at the end of its cycle in
the approximate posit'on shown in Fig. 6, and
if it is sufficiently behind the master control ecam
MCR the latter will already have reenergized
wire RSC and relay IRS and thus already have
opened the contacts Irsd so that the motor IM
will be disconnected from power and stop until
the master control unit completes its cycle to
reopen contacts MSR and deenergize wire RSC.
At such time, with the deenergization of the wire
RSC and relay IRS, power will be reapplied to
the motor IM via the break contacts irs84, and
the cam ICR and the associated cams below will
be restarted in synchronism with the master con-
trol unit again.

On the other hand if the local control unit ILC
should by any circumstance be ahead of the
master control unit MCU then as soon as the
cam {CR reaches the approximate position shown
in Fig. 6.in its cycle it will stop the motor IM by




2,542,078

25
opening the contaets ISR, since it-is assumed
that the corresponding cam MCR:-in the -master
control unit has not yet opened its associated

cam contacts at this time to deenergize wire:

RSC and thus the contact Irs4 is open. The
motor IM will thus remain at rest until the
master control cam MCR reaclies a position corre~
sponding with ICR, at which time the cam MCR
will open its contacts, deenergize RSC and relay
iRS to reconncet power to the motor IM via
contacts Irsé as previously described, and the
local unit (LC will then proceed through its cycle
in synchronism with its master control unit MCU.

The relays IBR and- IAR in the local cycle
offset unit ILC, are provided with contacts as
follows. Relay {BR has the make contact 1br3
and the break contact 1bré operated by a common
armature. The relay {AR has the make contact
tar3 and the break contact fard operated by a
common armature, and the make contact farb
and the break contact {arb operated by a common
armature.

The offset control circuits for the offset cam
contacts 1S1, {82 and 1S3 are connected to be
placed into cperation by the contacts of relays
{BR and (AR in accordance with the actuation
of the circuits ICC and OCC by which these relays
are controlled in accordance with the selection
of offset hy the offset selector CS as described in
connection with Fig. 3.

Thus with the circuit ICC deenergized and the
circuit OCC energized as illustrated in Fig. 3
for the assumed condition of the inbound cycle
selector in its cycle position C and the cutbound
cycle selector in its cyele position-E, the relay
I{BR will be deenergized and the relay 1AR will
be energized as illustrated in Fig. 6. Under this
condition ground or A. C. negative power will
be applied via break contact 1brd, wire 121, make
contact 1arb, wire OCC to cam contact {S3. The
remaining circuits AOC and IOC to the cam con-
tacts 181 and 182 will be disconnected from
negative power because of open contacts 1br8 and
far4 respectively. Also the wire FRC will be

disconnected from the: A. C. negative power be- |

cause of the open contact lars. Thus the only
one of these four circuits receiving negative power

via the contacts of relays (BR and:1AR; is the

circuit OCC, connected with the cam contacts
{S3. These contacts 188.are opened and closed
cyclically in accordance with the contour of cam
{CO which is determined as desired for the out-
bound offset for the assoé¢iated traffic controller
iTC and its trafiic signal ITS. With the circuit
conditions with the outbound circuit OCC only
energized as just described the cam contacts 1S53
will cyclically appy negative power for brief
periods via wire IPC to thé trafiic controller I'TC,
under control of the outbound offset cam 1CO0.
- If it is assumed however that the offset selector
OS is selecting an inbound offset in response to
heavier inbound traffic, then the circuit ICC will
be energized and the circuit OCC deenergized:
Under these latter conditions the relay IBR will
be energized and the relay |AR will be deener-
gized. Then the relay contact I1brd will be open,
thus disconnecting "A. C. negative or grounded
power from the wire OOC as well as-the wire
FRC, and relay contact 1br3 will be closed, thus
connecting this power via the wire 122 and break
contact lard to wire IOC and cam contacts 152
which are under the control.of the inbound cam
ICI. With make contact lar3 open under these
conditions the wire AOC isalso disconnected from
the negative power and thus the inbound offset
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cam contacts 182 are the only ones effective to.
connect negative power to the traffic controller
ITC via the wire IPC, thus making only the-
inbound offset effective for this controller.

If it is now assumed however that the average
or intermediate offset ig being selected by the off-
set selector due to substantially balanced traffic
actuations in opposite directions along the high-
way HY, then both wires OCC and ICC will be
energized and both relays IBR and 1AR will be
energized. Under these assumed conditions nega-
tive power will be supplied via make contact 1br3,
wire 122 and make contact tar3 to wire AOC and
the cam contact 1S! operated by the average off-
iCA. Since break contacts (brd and
fard are open under the latter assumed conditions
the other circuits I0C, OCC and FRC can not
supply the negative power to wire IPC; and the
wire AOC is the only one which can supply nega-

} tive power via cam contacts I1S{ and wire {PC to

traffic controller ITC so that the latter is con-
trolled on the average offset by the cam {CA.

If it is assumed however that both wires OCC
and ICC are deenergized, as for example by selec-

25> tion of free offset operation in accordance with

both cycle selectors ICS and OCS being in their
cycle A positions, then both relays IBR and {AR
will be deenergized, and the wire FRC will be sup-
plied with negative power via break contact 1br4,
wire 121 and break contact lar6. Wire FRC thus
supplies negative power directly and continuously
via wire {PC to the traffic controller I'TC under
these conditions and the cam contacts I1S1, 152,
133 are obviously ineffective to control wire {PC.
Thus in accordance with the selection of the
offset control circuits OCC and ICC by the offset
selector in response to a determination of the time
rates of traffic actuation in the respective direc-
tions along highway HY, each local cycle offset
unit will provide appropriate offset confrol to its
local traffic controller by means of an offset con-
trol cam in the loecal ecycle offset unit which is
maintained in synchronism with the master con-
trol unit; and in the event of extremely light
traffic conditions or any interruption of power
on both circuits OCC and ICC, each local cycle
offset unit will provide free or independent opera.-
tion of the local traffic controller. It will be ap-
preciated that the circuit for the local cycle offset
units 2L.C, 3LC and the like are the same as de-
seribed for the unit ILC, except for the relay and
contact designations which are coded for the re-
spective units as indicated in Fig. 6 for 2LC.
Referring now to Fig. 7 the circuit of one form
of traffic controller I'TC is illustrated schemati-
cally. This circuit is primarily that of a simple
form of a traffic actuated controller but is pro-
vided with a switch SWF which can be closed to

_ convert the controller from traffic actuated to

60

fixed time operation if desired, and thus serves
to illustrate both forms of operation under con-
trol of the several offset systems via the wire 1PC
shown entering the lower part of the rec-
tangle ITC,

The controller ITC as illustrated in Fig. 7 is
provided with a synchronous motor TM and a
series of camis rotated by this motor. 'Three cams
TCS, TCR and TCM are shown in Fig. 7. 'The

. cam TCS is illustrative of one of a group of cams

70

75

ordinarily provided in a traffic controller unit for
operating the several signal circuits of the traffic
signal {'TS providing preferably the usual green,
vellow and red signals for the respective inter-
secting streets. Since the cam controlled opera-
tion of such signal circuits is already well-known
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as disclosed in the Patent 2,279,896 of H. A. Wilcox
for example, only one of such cams is illustrated
in Fig. 8 as 'TCS to correlate the positions of the
other cams TCR and TCM with respect to the high-
way green signal period, the cam TCS controlling
the cam contacts TS—1 shown at the right of the
cam to control the highway green signal of the
traffic signal {TS via wire T10. The cam TCS is
shown near the end of the highway green signal
period with positive A. C. power connected via the
cam contacts TS-I and the wire 710 to the traffic
signal I'TS.

The cams TCM and TCR. control the operation
of the motor TM driving the several cams under
control of relay IRD and the wire {PC on the
loeal cycle offset unit {L.C of the master control
apparatus. The motor TM is preferably of the
synchronous type and has the left side of its coil
connected to A. C. positive power, and the right
side of its coil connected via wire 711 and wire T12
to the junction T13 connected between the relay
contact Ird3 and the cam contact TS-3. The lat-
ter cam contact is controlled by the cam TCM
which, as indicated by its contour, opens the cam
contact TiS-3 near the end of the highway green
period provided by cam TCS. With the cam con-
tacts TS-3 open as shown the motor is able to re-
ceive negative power for operation only via the
relay contact trd3 or the switch SWF from the
wire {PC from the local cycle offset unit I1LC.
If traffic actuated operation of the controller ITC
is assumed, the switch SWF will be open as shown
in Fig. 7, and thus the motor T™M will receive
negative power for its operation in the position
shown only via the relay contact 17d3. Thisrelay
contact is controlled by the relay IRD which in
turn is controlled by the traffic actuated detector
switches {DSi and IDS2 which are shown con-
nected in parallel. These are the detector
switches which are located in the side street ap-
proaches to the intersection controlled by the
signal ITS and the controller ITC.

The left side of the coil {RD is connected to
positive power and the right side of this coil is
connected via wire T14, and either of the detector
switches IDSI or iDS2 to negative power if one
of the latter switches is closed by traffic actua-
tion. Momentary closure of one of the latter
switches by traffic actuation by a vehicle ap-
proaching on the side road for example will
momentarily energize the relay iRD by applying
negative power to the right side of its coil via wire
Ti4. In the position of the cams shown, after
such initial actuation, the relay IRD will be
maintained energized via wire 715 and its make
contact 1rd5 and the cam contact TS-2 to nega-
tive power, the latter cam contact being controlled
by the cam TCR and being closed at this time.

Energization of relay IRD as described will

close its contact 1rd3, and with the cam posi-

tions as shown near the end of the highway green
period, will connect the right side of the motor
TM via wire Tif, wire 112, junction 713, relay
make contact Ird3 to wire {PC. The wire IPC
will have negative (grounded) A. C. power applied
to it via one of the cam contacts 1S4, 1S2, or 1S3
of the local cycle offset unit ILC, depending upon
which offset is operative as selected by the offset
selector as previously deseribed in connection with
Fig. 3, unless free operation is being selected by
the offset selector, in which latter case the wire
FRC in the local cycle offset unit ILC will supply
negative power continuously over circuit I1PC.
Assuming for example that the outbound offset
is being selected with the cycle selectors ICS and
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OCS in their positions C and ¥ respectively as
previously described, then the cam ICO in Fig.
6 will periodically close its contact 1S3 for a brief
period once per cycle and connect the A. C. nega-
tive or grounded power for this brief period via
wire IPC to the controller I'TC. 'This brief period
is sometimes referred to as the permissive period
for the controller I'TC, and the application of
power for the permissive period is referred to as
the permissive pulse, this pulse being provided by
whichever of the offset circuits AOC, I0C, OOC
or FRC is operated in connection with the selec-
tion of offsets by the offset selector.

Thus when the permissive pulse of negative
power is provided on the wire IPC and the relay
IRD is energized in the traffic controller {TC by
trafiic actuation for example, this negative power
supplied by the permissive pulse on wire IPC
is connected via contact 1rd3, and wires T12 and
711, to the motor TM to start the motor. The
operation of the motor rotates the cams TCM,
TCR, and TCS in a clockwise direction as shown
to start these cams through one traffic control
cycle for the signal {'TS. The cam TCS deener-
gized the wire 710 to disconnect the higshway
green signal and the cams of the controller {TC
continue through their cycle providing a side
street green period and then a highway green
period before returning to rest in the position
shown in Fig. 7 near the end of the highway
green period. During this cycle of operation the
cam TCR opens its contacts TS-2 during the side
street green period and deenergizes the relay {RD,
thus reopening the contacts 1rd3 and {rd5 and
preparing the relay for subsequent traffic actua-
tion.

The motor TM is operated initially from its
rest position shown in Fig. 7 via the contact
ird3 and wire IPC as previously described, but
as soon as cam TCM has rotated out of the rest
position shown it will close its contacts TS-2 and
apply negative power via wire 712 and 711 to
maintain the motor TM operating throughout the
remainder of the traffic signal cycle until the cam
TCM reaches again its rest position shown, at
which time the motor will be stopped by the re-
opening of the cam contact TS-3 unless there
has been a subsequent traffic actuation of reen-
ergize relay I{RD and the permissive negative
power is-again available on wire 1PC.

The operation of the controller iTC as a fized
time or non-traffic actuated controller is illus-
trated for example if the switch SWF is closed
in Fig. 7, which will connect the permissive pulse
wire IPC directly to the motor TM via the wire
THl. It will be obvious that the permissive pulse
via wire {PC must be of sufficient length to enable
the motor TM to drive the cam TCM out of the
rest position and reclose its contacts TS-3.

It will be appreciated that the motor TM may
be operated if desired from the variable frequency
pbower wires VCC-| and VCC-2 via an amplifier
similar to the amplifier IAM of Fig. 6 for ex-
ample to automatically vary the time cycle of
the cams TCS, TCR and TCM and the corrs-
sponding time cycle of the traffic signal ITS in
accordance with the shorter and longer time
cycles provided from the cyele generator CG in
the master control apparatus of Fig. 1 and Pig.
3. In this form of operation the left side of the
motor TM is connected to the right side of the
amplifier instead of directly to positive A. C.
power.

It will be appreciated that the traffic controller
cams may be operated step-by-step by a ratchet
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and solenoid mechanism under the control of
rotary dial actuated switches operated by motor
TM instead of the direct drive of the cams by
motor TM as shown. One form of such opera-
tion is shown in the Wilcox Patent 2,279,896 re-
ferred to above.

It will also be appreciated that rotary dial
switch units may be employed in place of the
individual offset cams (CA, ICI and 1CO and

their associated cam contacts if desired, in the :-

local cycle offset unit 1LC.

Although a cycle generator of a type employ-
ing a variable speed motor-generator is illus-
trated in Fig. 5 it will be appreciated by those

skilled in the art that an electronic variable fre- -

quency generator may be used if desired, such as
the familiar audio frequency generator employed
in electrical laboratories, in the cycle generator
in place of the motor-generator unit shown.

Although a number of alternate forms of ar- -

rangements of apparatus according to the inven-
tion have been pointed out above it will be ob-
vious to those skilled in the art that other modi-
fications of the apparatus or in the arrangement
or character of its parts may be made without
departing from the spirit of the invention.

I claim: o

1. In a traffic control system, preferential offset

control circuits individual to each of two direc-

tions along a roadway, means for counting traffic
per unit time individually in each of such direc-
tions, and means for actuating the control cir~
cuit for either direction in response to measure-
ment of a substantially higher rate of traffic per
unit time for that direction as compared with
the other direction.

2. In a traffic control system, preferential offset
control circuit means individual to each of two
directions along a roadway, non-preferential off-

set control circuit means for traffic in both of :

such directions, means for counting traffic per
unit time individually in each of such directions,
means for actuating the preferential offset cir-
cuit means for either one direction alone in re-
sponse to measurement of a substantially higher
rate of traffic per unit time for such one direc-
tion, and means for actuating the non-preferen-
tial offset circuit means in response to measure-
ment of substantially the same rate of traffic per
unit time in both directions.

3. A structure as in claim 2, and including
means- controlled by actuation of one alone of
said preferential offset circuit means to bias said
circuit actuating means to maintain such one cir-
cuit means actuated for a smaller differential
traffic rate than that for actuating it initially.

4, In a traffic control system having two pref-
erential offset systems, one for each of two oppo-
site directions along a roadway, the combina-
tion of traffic actuated means individual to each
of such directions, means for measuring the time
rate of trafiic actuations of the respective traffic
actuated means, and means controlled by said
measuring means for selecting the preferential
offset system for whichever direction has a pre-
dominating rate of traffic actuations, and time
controlled means for periodically resetting said
measuring means.

5. In a traffic control system having a cycle
selector and associated traffic actuated means for
each of two traffic directions along a roadway,
each such cycle selector having a multiplicity of
output circuits representing a scale of cycle posi-
tions any one of which may be assumed by the

cycle selector corresponding to a time rate of -
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traffic actuations of its associated traffic actuated
means, an offset selector apparatus having input
circuits for connection to the output circuits for
the respective cycle selectors to be actuated there-
by in accordance with the positions assumed by
said cycle selectors, said offset selector apparatus
also including output circuits for preferential off-
set systems for the respective traffic directions,
and means forming a part of said offset selector
apparatus to actuate the one output circuit for
whichever direction has a materially higher scale
input circuit actuated.

6. A structure as in claim 5, and including
means for predetermining at more than one the
number of positions of separation of said cycle
selectors for such selection of one preferential
offset.

7. A structure as in claim 5 and including
means for providing an adjustable degree of
separation of the positions assumed by the two
cycle selectors for selection of either one prefer-
ential offset.

8. A structure as in claim 5, and including a
multiplicity of output circuits from said offset
selector apparatus corresponding to the scale of
cycle positions of the cycle selectors and means -
for actuating only one of said last named output
circuits at a time in accordance with the highest
cycle position assumed at such time by either of
the cycle selectors.

9. A structure as in claim 5, and including a
multiplicity of output circuits for providing a
selection of cycle lengths over a scale correspond-
ing to the cycle positions of such cycle selectors,
and means forming a part of said offset selector
apparatus to actuate only one of said last named
output circuits at a time corresponding to the
highest cycle positicn assumed at such time by
either of the cycle selectors.

10. A structure as in claim 5, and including
output circuit means for an offset system for
iraffic in beth directions and means forming .a
part of said offset selector apparatus to actuate
the last named output circuit means in response
to actuation of input circuits for substantially the
same cycle positions for the two cycle selectors
except for both of said cycle selectors being in
their lowest position on their scale of positions,
and additional output circuit means for a sys-
tem of offset control to permit individual traffic
signal controllers to run through their cycles
independently, and means for actuating said ad-
ditional output circuit in response fo actuation
of input circuits for the lowest cycle position for
both cycle selectors.

11. A structure as in claim 5, and including

output circuit means for an offset system for

traffic in both directions and means forming a
part of said offset selector apparatus to actuate
the last named output circuit means in response
to actuation of input circuits for substantially the
same cycle positions for the two cycle selectors.

12. Selector apparatus for traffic control sys-
tems, including input circuit means actuatable
to represent a scale of low to high traffic flow
rates for one traffic direction, second input circuit
means actuatable to represent a substantially
similar scale of low to high traffic flow rates for

- g second iraffic direction, output circuit means

for a control system favoring traffic in the frst
direction, second output circuit means for a con-
trol system favoring traffic in the second direc-~
tion, and third output circuit means for a con-

‘trol system providing for substantially-balanced
fraffic movement in both directions, and means
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interconnecting ‘said *input - ¢ircuit ‘means -with
'sald-cutput - circuit - means - to -actuate -said - first
output-circuit-means-alene in responseito actua~
tion-of :said first  input circuit means at.a sub-

stantially:higher traffic: flow- rateithan said sec— -

ond input eircuit:means and to-actudte:the sec-
ond-eutput-éircuit ‘means alone -in ‘response ' to
actuation of -said second input-means at a-sub-
stantially higher trafiic:fow rate than said first
input seireuit means, and -said interconnecting
‘means-also-ineluding: means:to-actuate said third
output circuit rneans in response to actuation
of ‘the first -and second input eircuit -means at
substantidlly the-same trafiic flow rate.

-13. Selector -apparatus -as-in claim ‘12 and. in
which:said interconnecting circuit means includes
an impedance element the impedance of which
isscontrolled by said”input circuit means in-ac-
cordance -with- the relative positions of:said- input
circiit means on’' their respective scales of traffic
flow rates,” and an impedance responsive-device
controlled by said impedance element-to switch
among -said -several - output circuit means ‘as
dforesaid.

14.:Selector apparatus-as in claim 12:.and in
which said interconnecting circuit means includes
:a . potentiometer . element : corresponding to the
scale:of:traffic rate. of ‘flow of said input.circuit
means, ‘a ;potential . responsive - element - differen-
tially responsive to predetermined :potential: of
opposite :polarity, and -connecting means con-
trolled ‘by the.respective input circuit means . to
-connect “potential  from .various :points on said
Jpotentiometer to said potential -responsive ele-
‘ment - to:apply a.potential difference to the latter
of :degree :characteristic rof . the degree of sepa-
ration of .the respective-input -circuit means :as
actuated :along:their- respective. scales of :traffic
rate of flow and of polarity characteristic of the
‘higher -of :the two input circuit:means on the
scale of-traffic flow rate.

15.:In an -offset selector apparatus, .a multi-
‘plieity- of 'input eircuits- including corresponding
groups for :.each :of -two traffic directions and
representing - substantially corresponding .scales
of traffic. flow values, output circuit means:pro-
viding .for- traffic-signal system offsets individual
to-the two directions and an intermediate offset
for bi-directional traffic, -and selector -means
iforming -a part-of said apparatus for receiving
-actuations from the :respective input circuit
groups to actuate the output circuit for a-direc-
tional offset in response to-actuation of a ma-
terially higher scale input circuit for the cor-

responding direction group than for the other s5;

direction group, and means forming:a part of
said selector ‘means for actuating the inter-
mediate output circuit means . in response -to
actuation of input circuits of substantially the
.same scale position for the two directions.

16. In -an offset selector apparatus as in claim
15, said ‘selector -means including a-series of im-
pedance elements connected to provide a multi~
tap.potentiometer, a potential responsive element
differentially responsive to potential of. different
:polarity, connections between the respective in-
put- circuits and. said taps, and:means. actuated
by said:potential responsive element to actuate
:said output circuits in response to the actuation
-of the respective input ecircuits.

17.:In.an- offset selector apparatus as. in-claim
.15,+said rselector means including-a series-of im-
pedance elements connected to provide -a -multi-
‘tap :potentiometer between :A. .C. power and
«ground terminals a-transformer:having input and
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output: windings, switch: means’ individual to and
controlled: by: the respective input circuits for the
respective ' directions- and -including : one -switch
‘for-each direction for-each position on'the scale
of‘traffic: flow -values and operable in response to
actuation of its controlling input- circuit to con-
nect the corresponding tap on the potentiometer
to “the input winding :of -said ‘transformer, ‘the
switches for-one-traffic direction connecting to
one end of :said’ input winding and the switches
for the second traffic direction connecting to the
opposite -end of said input-winding, a' connection
from a center:tap-on said -output . winding to
ground, two’triede tube-sections, connections be-
tween one-end. of ' said-output winding and the
grind of one- said se¢tion and between: the other
end-of ‘said output winding and:the grid of said
‘other-section, connections between the cathodes
of both ‘sections and an :A.:C. potential inter-
mediate -said ‘power -and grcund terminals, and
anode circuitsindividual to the two: tricde sec-
tions :and. controlled' by the respective grids to
actuate one-anode cireuit only in response to
‘connection’ to-a-substantially higher scale poten-
tiemeter:tap for the first direction than for the
second direction and to-actuate the other anode
circuit only in response to connection to a - sub-
stantially higher scale potentiometer tap for the
'second direction ‘than for the first direction,
whereby neither of said anode circuits will be
-actuated ‘in response to connection to substan-
tially the same scale tap on the potentiometer
for two directions,:and -means for:-actuating the
respective output circuits for:the respective direc-
tions. in response:to actuation of the respective
anode circuits and for actuating the intermediate
output ~circuit - in  response “to non-actuation . of
‘both:said ~anode: circuits.

118. :In..a -selector -apparatus responsive o the
relative positions of two cycle selectors each hav-
ing a-seale of :cycle positions ‘which it assumes
one:at a time for a:traffic sampling time period
in-accordance with:traffic:sampled in a different
one:ofstwortraffic.directions:in a preceding such
‘time period, .a first .group of Telays and input
eirenits ifor actuation of zaid relays individually
in:response to ‘the position assumed by afirst of
said-cycle:selectors, a second group of relays and
inputceireuits forqactuation -of said latter relays
individually in responseitorthe-position:assumed
by “the 'second -of said cycle selectors, contact
means forming-a:part.of the respective relays to
‘be: operated by, actuation thereof, a series of im-
pedance: elements connected between A. C. power
and: return terminals: to-provide a potentiometer
with :a multiplicity . of taps, -a transformer hav-
ing input-and output windings, a plurality - of
circuits-connecting one end of -said input winding
to therespeetive taps.on said-potentiometer, each
circuit including-one of said contact-means closed
by ~actuation .of - its -associated relay of the first
‘€Toup, -another plurality of  circuits connecting
the other:end .of said:input winding with said
respective taps, and - each including one of -said
contact. means closed by -actuation of its associ-
-ated relay of the second group, a-connection from
:the eenter:of the output winding to said A. C.
reburn terminal, two triode tube:sections, a con-

‘nection from .a potential intermediate said A. C.
‘power:and:;return terminals-to ‘the cathodes of

both-said ~sections, ranode . circuits individual to
‘the two- tube: secticns,: connections ‘between the
respective ends:of :the output “winding -and the
control :grids -of :the “respeétive -sections for .ac-
tuating oneranode circuit: in-response-to: a.pre-
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determined A. C. potential of one polarity cor-
responding to actuation of a first group relay
at a higher scale potentiometer tap than a second
group relay and for actuating the other anode
circuit in response to a predetermined A. C. po-
tential of the opposite polarity corresponding to
actuation of a second group relay at a higher
scale potentiometer tap than a first group relay.

19. In a selector apparatus as in claim 18, out-
put circuit means actuated in response only to
both said anode circuits being in non-actuated
condition as by actuation of relays in both groups
at substantially the same potentiometer scale tap.

JOHN L. BARKER.
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