



























































































































































































































































































































































































































































































































































































































































convey this type of information. If there were 16 different intervals possible
within one time cycle of a local controller, then a representation of the
particular, existent state of a local controller would require one of sixteen
different kinds of pulses. If several controllers are to be instructed on a
two-wire pair, and if each controller is to be instructed at least once every
few seconds, there is not sufficient "room'" for all of the different kinds of
pulses to be placed on the line (together with an error-free detection
capability) within an allotted time of one or two seconds. (This approach

is not beyond the capabilities of the state-of-the-art. It is considered to

be too complex, too costly, and rather inefficient.)

3. For the above reasons, it is believed that information bits for traffic
control should not be comprised of voltage pulses. (This statement is parti-
cularly true for a single communication line which is to service several
communication links.) On the other hand, an information bit could be composed
of a "burst" (or interval) of some specified electrical frequency. For
instance, one cycle of a 2 kHz sine wave might be used. (2 kHz means two
thousand cycles per second.) The presence of the information bit (bit value = 1)
would be indicated by the presence of the single cycle of a 2 kHz wave; the
absence of the information bit (bit value = 0), would be indicated by the
absence of the single cycle of a 2 kHz wave. The real time occuppied by one
cycle of 2 kHz is five hundred millionths of a second (500 microseconds). 1If
each bit were separated by an equal interval of time (for detection purposes),
then one bit of information would require 2 x 500 microseconds of time ( =1
milisecond). Thus, 1000 bits of information could be conveyed in 1 second.

If each controller required sixteen different commands, then approximately 62

controllers might be serviced on a single two-wire line within one second.



4, Unfortunately, encoding and decoding equipment for one cycle of 2 kHz
is not very practical. The number of cycles of a 2 kHz wave could be increased,
for instance, to 55 cycles. (Commercial tone decoders are available which
can detect this '"pulse'" of a 2 kHz wave.) Then, 27.5 miliseconds would be
required per information bit. If a bit spacing of 3.7 miliseconds were
assumed, then 32 different information bits could be transferred each second.
However, if one information bit were required for each command, and if 16
different commands were required for each controller, then only two controllers
could be serviced.

5. The manner described above in paragraphs 3 and 4 for the utilization
of information bits, however, is inefficient. Bit order or bit pattern can
also be utilized and a significantly larger amount of information can be con-
veyed. Generally in the binary system, the amount of information which can
be conveyed by n bits is 2". This value represents the number of different
combinations possible for n bits., Thus, if the bit pattern is recognized,

3 bits could convey as many as 8 states, illustrated as follows: 0 0 0; 0 O 1;
010; 011;100; 101;110; and 1 1 1. Therefore, five bits in a bit
pattern might suffice for all commands to a local controller. Also, five
bits might suffice to describe all possible states of the local controller.
Finally, since five bits can represent the maximum number of 32 ( = 25), the
data output from a vehicle detector can also be represented. (For a line of
vehicles traveling at 60 mph, a vehicle detector will be actuated no more

than 4 times every 1.59 seconds, based on 2 actuations per vehicle with a

minimum-safe separation distance of 140 feet.)

D-5



6. Commercial tone decoders are available (~$20) which can detect a
single tone and cause a relay closure, These units appear to require a
response time (time for sensing the tone to be detected) which is equivalent
to fifty-five or sixty complete cycles of the tone frequency being detected.
For a 2 kHz wave, this response time would amount to 30 miliseconds. There-
fore, with one bit being represented by 60 cycles of a 2 kHz wave and with
a 10 milisecond spacing between bits, five bits would occupy 200 miliseconds.
Thus, 5 local controllers might be serviced on a two-wire pair communication
line. Actually, other procedures are possible which appear to be more efficient
and at the same time may be less expensive. Such a system is described in the
following paragraphs.

7. At the computer facility, a circuit is provided which will generate
a synchronization pulse at a repetition rate of one per second. For instance,
the pulse could consist of sixty cycles of a 3 kHz wave. The computer commands
for each individual controller can be provided by a pattern of six information
bits; for instance, each bit can be in the form of eight cycles of a 4 kHz
wave. Thus, each bit initially would occupy 2 miliseconds of time. If each
bit were spaced by a 3 milisecond time interval, then six bits would occupy
30 miliseconds of time. The circuitry provided at the computer facility
places the synch pulse and the groups of six information bits (commands) on
a two-wire communication line. In one second there are 1000 miliseconds.

With a synch pulse of 20 miliseconds, therefore, approximately 32 time slots
can be provided in the remaining 980 miliseconds. Each time slot represents
a "space" for any computer command to a given controller. Thus, 32 controllers

could be instructed from a two-wire line.



8. Each local controller on a communication line would be designated
by a number from 1 to 32. Within each controller, there would be provided a
correspondingly numbered sensor circuit. The sensor circuit detects the
synch pulse, and time measurement is initiated by an internal counting circuit.
For instance, if the controller were #5, any commands to the controller would
be contained in the fifth time slot after the synch pulse. Therefore, the
counting circuit counts 120 miliseconds (4 x 30 miliseconds) and opens an
electronic gate. The information contained in the fifth time slot (6 bits)
can then be detected via the electronic gate. A simple procedure for both
detection and bit pattern recognition is described as follows.

a. The same counting circuit (or a different counting circuit) can
initiate time measurement at the beginning of the electronic gate (which is
at the beginning of the fifth time slot in the present example). This time
measurement is a complished by counting; each subsequent 5 milisecond period
is measured, and a different electronic gate is opened for each 5 milisecond
time period.

b. Since the command information is contained in a six bit pattern,
and since each information bit occurs sequentially in each 5 milisecond time
interval, each particular bit value can be transferred to separate circuits
(via one of the six 5 milisecond electronic gates).

c. Each of the values of the bits (which now exist in separate
circuits) can be detected also by simple counting circuits. Ideally, if eight
cycles of a 4 kHz wave were transmitted from the computer facility for a
particular bit, all eight cycles could be detected simply by means of a counting
circuit which counted the eight cycles. If eight cycles were not present (or

were not counted), the counting circuit would not '"detect" (or indicate to
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other circuits) the 4 kHz wave. Thus, the bit value of 0 would be assumed.

On the other hand, if detection were made, the bit value of 1 would be assumed.
d. Line losses, dispersion, etc., will probably degenerate the

bit or eight cycle '"burst'" of the 4 kHz wave considerably. However, in

actual practice, it would not be necessary to ''detect'" all eight cycles of

the 4 kHz wave. Actually, all that is needed is an indication of the presence

or absence of the wave. Therefore, the counting circuit needs to count only

a few cycles (perhaps, four cycles) of the 4 kHz wave in order to verify its

presence or absence. (The actual number of cycles which need to be counted

would depend primarily on line noise and the probability that four or five

noise spikes would occur in a sequence of 250 microsecond time intervals, such

that the noise spikes would be '"counted" as cycles of the 4 kHz wave.)

9. As described above in paragraph 8, the values of.the six bits for
each local controller can be detected in their proper order or bit pattern.
Thus, the internal electronic circuits would be sequentially activated and
controlled by the bit pattern., This sequence of events can be envisioned on
a much longer time scale (slower speed) by the interaction of a sequence of
relays. Thus, if #1 relay is activated and closes, the #2 relay is allowed
to be closed if it is subsequently activated. On the other hand, if #1 relay
is not activated, then #3 relay ig allowed to be closed if it is subsequently
activated, but #2 relay is not allowed to be closed whether it is activated
or not.

10. The preceding paragraphs describe a possible means for a digital
computer facility to provide unique instructions to each local controller.

It is also desirable that each local controller response to a command be

verified. 1If the only information desired is the fact that a given local



controller has responded to a previous command, this information can be con-
veyed by a single bit (bit value = 1). This bit would be placed on the
communication line in the appropriate time shot for the given local controller,
during the successive 1 second time interval. Thus, the verification of
commands to a local controller (or the inputing of vehicle detector data
to the computer) can be described as follows.,

a. Computer commands are placed on the line in the appropriate
time slots following a given synch pulse. The local controller responses
(or existent states) and/or local detector data are placed on the line in
the appropriate time slots following the successive synch pulse. Thus,
computer commands can be initiated once every two seconds. The controller
responses (and detector data) can be furnished once every two seconds. The
two different sets of data occur alternately, once each second.

b. The same kind of synch pulse (3 kHz) or a different kind
(2 kHz, for instance) could be utilized to initiate the counting circuits
in the sensors in each local controller and/or detector. For instance,
for #5 local controller, the counting circuit would count to the fifth time
slot, 120 miliseconds after the synch pulse (4 x 30 miliseconds). At this
time, the electronic gate could simply '"dump" on the line the desired
information. Thus, if only the verification of response to a previous command
is desired, eight cycles of a 4 kHz wave could be placed on the line. This
represents a bit value of 1 in the fifth time slot and signifies response to
a previous command (the command having occurred during the previous 1 second
synch pulse interval). On the other hand, if the existent state of the local

controller were desired, this information could be '"dumped'" in exactly the
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same sequence from the electronic gates which previously detected the command.
For instance, it is assumed that the previous command from the computer
instructed the complete state which was desired for the local controller; if
the state has been accomplished, the information bits for the original command
can be returned to the computer as a verification.

11. 1In the sensor circuit for each local controller, the utilization of
counting and gating circuits may be questioned with respect to accuracy, cost,
etc. Actually, the state-of-the-art for solid state devices of these types
is well established. Excellent stability is available at speeds greater
than those required for traffic control mechanisms. Such circuits for mili-
second time intervals are readily available with accuracies of 0.1 milisecond
and costs are only a few dollars., It is estimated that the proper integration
of such circuits into an appropriate operating package would cost less than

$300.

D. Proposed Information Transfer Scheme

1. 1In the following discussions, the position of a bit is indicated by
a square symbol [J. The value of the bit will be 1 or 0. The bit sequence is
determined by the position or order of the bit. For instance, in a sequence
of four bits, as
O 00O

the first bit, second bit, etc. are the first, second, etc. positions, as

U B E @

(The numbers in the squares must not be taken as bit values. Rather they simply
indicate the bit position with respect to time. The first bit precedes the

second bit which precedes the third bit, etc.)
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2. As an example, simple computer commands can be established as follows
(three bits are assumed):
a., On- and off-line control can be instructed by the first bit in

the sequence:

o 0O O - bit positions
0 OO - controller goes to (or remains) off-line
1 OO - controller goes to (or remains) on-line

b. Main street green or red can be instructed by the second bit in
the sequence:
1 0 [ - controller goes to MSG
1 1 O - controller goes to MSR
c. An emergency condition can be instructed by the third bit in
the sequence:
oo o = signifies normal operation. Thus,
item b above would actually appear in an operating bit stream as
1 0 O - controller goes to MSG
1 1 O - controller goes to MSR,
On the other hand, the emergency condition can be indicated by the value 1 for
the third bit as
OOl - signifies emergency operation. Thus,
item b above would appear as follows for emergency vehicle operation:

1 0 1 - controller flashes rapid green on main
street (and red on side street)

1 1 1 - controller flashes rapid red on main
street (and green on side street)
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3. The emergency indication suggested in paragraph 2c¢c above is an
adaptation from the Charleston installation. Thus, a local controller can
be made rapid flashing green on the main street (rapid flashing red on the
side street) when the emergency vehicle is expected to proceed along the main
street. Vehicles on the main street are thus forewarned to provide passage-
way; vehicles on the side street are forewarned that an emergency vehicle 1is
proceeding across their street at the intersection. The converse would be
true for an emergency vehicle proceeding on the side street, where a rapid
flashing green would appear on the side street.

4, Response information from the local controller can be conveyed by

three bits in a simple system. An example is given as follows:

0 O 0O - local controller is off-line
1 O 0O - local controller is on-1line
1 0 O - local controller is on-line on MSG

(no emergency is indicated by third
bit value of 0)

1 1 0 - Local controller is on-line on MSR
(no emergency is indicated by third
bit value of 0)

1 0 1 - local controller is on-line, in emer-
gency condition, rapid green flash on
main street (rapid red flash on side
street)

1 1 1 - local controller is on-line, in emer=-
gency condition, rapid red flash on
main street (rapid green flash on side
street)

5. At a given intersection, other phases may be desired. For instance,
leading left-turn arrows, separate pedestrian walk signals, or a three-phase

light may exist. More bits of information will be necessary to command these

various phases as well as detect their states. However, five or six bits



will adequately handle these situations. For instance, for a five bit stream
there will be 4 bits available for control functions, if the first bit is
utilized for on- and off-line control (as indicated above in paragraphs 3

and 4). Thus, 2* will allow 16 separate functions. For a six bit stream,

5 bits would be available, and 2®° would allow 32 separate functionms.

6. It should be noted that if the controllers were operated in a simple
system (as illustrated above in paragraphs 3 and 4), it would appear that 3
bits are sufficient. If this were the case, the arguments given in the pre-
vious section would indicate that perhaps as many as 64 local controllers
could be operated on a two-wire communication line. If the emergency vehicle
function were not needed, then 2 bits would be sufficient. As a result, as
many as 98 different controllers might be serviced on a two-wire communication
line. This latter characteristic would be particularly attractive along arterial
routes such as Peachtree Road.

7. Finally, it should be noted that the proposed communication system
is not particularly sensitive to line losses, dispersion, etc. Phase shifts
and amplitude attenuations of the eight cycles of the 4 kHz wave (bit)’are
not critical, so long as sufficient amplitude remains for detection and so
long as one bit does not produce detectable information in an adjacent bit
time interval. This also means that simple communication line amplifiers

can be utilized where they are needed for longer distances.





