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TATEISI ELECTRONICS transmitted from  the central control sta- Co., a
Japanese Body Corporate. of 10, tion. Tsuchido-cho, Hanazono, Ukyo-ku,
Kyoto,   In the traffic signal control is above Japan, do hereby declare
the invention for  described, since the information of traffic 5 which we
pray that a patent may be granted  flows over a wide territory is
continuously 50 to us, and the method by which it is to be  supplied to the
computer, it is possible to performed, to be particularly described in
systematically control traffic signals at a and  by the following
statement:        multiplicity of intersections. The invention relates to a
traffic signal   However, if the computer fails, the sys- 10 control
system, and more particularly to a  tematic control of a multiplicity of
traffic 55 centralized traffic signal control system for  signals can no
longer be performed. There- controlling traffic signals at a multplicity of
fore, a fail-safe apparatus, which continues, intersections from a central
control station. upon failure of the computer, to perform a A  centralized
traffic  signal control systematic control of the traffic signals ac- 15
wherein traffic signals over a wide terri cording to the traffic. control
pattern based 60 tory are centrally controlled at a central on pre-set
program therein, is provided at control station is well known. In such a
the central control station. This fail-safe traffic signal control, a
central processing  apparatus, as well as the computer, counts unit and an
electronic computer, to which  indication times of traffic signals and
trans- 20 traffic information at certain locations in the  mite signals for
advancing phases of traffic 65 territory is supplied, are .pr vided at the
signals.  When the computer fails, each - contral control station. At the
locations  traffic signal is switched according to the where traffic
signals are installed, ultrasonic, signals for advancing phases from the
fail- inductance or earth  magnetism  vehicle  safe device, instead of the
signals from the 25 detectors  for  collecting  traffic  infor- computer.
In the fail-safe apparatus, one traf- 70 mation  are  provided.  Such
vehicle  fic control pattern may be pre-set, or two or detectors  are  well
known.  Informa-  three traffic control patterns, for selection tion
regarding  vehicle  movements  ob- which are selected according to the time
of tained by such vehicle detectors is supplied  day  may  be  pre-set.
The  fail-safe 30 to the electronic computer. The computer  apparatus
counts the  indication  times 75 computes traffic volumes, time occupancy
and  independent of the computer during the speed of vehicles according to
the vehicle  normal operation of the computer. The phase detection signals.
advancing signals generated from the fail- The computer computes traffic
patterns  safe apparatus are not supplied to the 35 to suit the conditions
of vehicular traffic  traffic signals during the normal operation 80 flows,
and makes decision of timings of  of the computer. traffic signals, such as
times of respective    When the computer fails, the phase ad- phases of
traffic signals. Such times of  vance signals generated- by the fail-safe
phases of traffic signals are counted by  apparatus are supplied to the
traffic signals. 40 the computer.  Each time the computer However, since
the count of the indication 85 counts out the respective computed values,
times by the fail-safe apparatus is per- a signal for advancing the phase
of traffic  formed independent of the count by the signals is transmitted
to the traffic signals. computer, it takes a certain time for trans- The
indication of the traffic signals is  ferring the control of the traffic
signals by 45 switched over in accordance with the signal the computer to
the control by the fail-safe 90    



2                                  .   1 386 716 apparatus. Namely, if  the
computer fails.  Fig. 1 is a block diagram  of a traffic within a short
time after right-of-way of a  signal control system  in accordance with
certain main street has been given and  the invention; the count of time by
the fail-safe apparatus . Fig. 2 is a block diagram illustrating in .
is,.at that time, approaciing a value to  greater detail the construction
of the  fail- 70 finish the right-of-way of the main street  safe apparatus
in the system of Fig. 1; then the right-of-way of the main street    Fig. 3
is an explanatory drawing show- initiated by the computer will be
terminated  ing a synchronous time counting operation within a very short
time by the phase of the computer and the fail-safe appa- 10 advance signal
from  the fail-safe appa- ratus;                                  75 ratus.
Accordingly, in the prior art, each    Fig. 4 is an explanatory drawing
showing traffic signal was di    ected from  the  the marner of control
before and after central control station at   time of failure  failure of
the computor, and of the computer, and    controlled indepen-    Fig. 5 is
an explanatory drawing show- 15 dently for a certain time  y a correspond-
ing the mutual relationship of phase ad- 80 ing local controller install
at the corre-  vance signals for adjacent traffic signals. ponding
intersection. and t e control by the    In Fig. 1, a computer is shown as a
fail-safe apparatus was    commenced at the   block 100, and a fail-safe
apparatus is time when the phase or  dication of the  shown as a block 200.
A phase advance 20 fail-safe apparatus coincided   with that of  signal SC
generated by the computer 100 85 the local controller.
is supplied to one input terminal of res- As can be understood  om  the
above  pective gate circuits 300, 301 and 302. A description, during the
time  when the traf-  signal S1 is supplied to the other input ter- fic
signals are disconnected  the central  minal of the respective gate
circuits 300, 25 control station, the systematic control of  301 and 302.
The phase advance signal SC 90 the traffic signals cannot be    ormed. Thus
supplied to the input terminals of the gate the traffic  flow over a wi
territory may  circuits 300, 301 and  302  appeas at be very much confused
fo a certain time  the output terminals thereof according to upon the
failure of the c        puter.  presence of the signal S1. The ouput sig-
30   The object of the presen    t   is to  nals of the gate circuits 300,
301 and 302 95 provide a traffic signal control system which  are supplied
to OR gates 400, 401 and 402. can smoothly control tr   flows over a  The
signal S1 is present when the con- wide territory by immediately
transferring  puter 100 is normally operating, and is not the control of
traffic sign   by electronic  present when the computer 100 fails. 35
computer to the control b  fail-safe appa-   A phase advance signal SF
generated by 100 ratus  upon failure of computer.        the fail-safe
apparatus 200 is supplied to According to the invention, therefore, one
input terminal of respective AND gates there is provided a traffic signal
control 500, 501 and 502. The signal S1 is sup- system for controlling
traffic signals at a  plied to the other input terminal of the 40
multiplicity of inter-section            respective AND gates 500, 501 and
502. 105 a computer for counting times of phases The signal .SF generated
by the fail-safe of traffic signals and generating signals for  apparatus
200 appears at the output termi- advancing phases of the  a   signals upon
nab of the AND gates 500, 501 and 502 each countout of the times of phases,
when the signal S1 is absent. The output 45  a fail-safe apparatus, in
hich required  signals of the gate circuits 500, 501 and 502 110 times of
phases of the traffic signals are set, are supplied to the other input
terminal of and to which said signals g crated by said  the respective OR
gates 400, 401 and 402. computer  are supplied,                    The
output signals of the OR gates 400, wherein, in operation sai  fail-safe
ap-  401 and 402 are transmitted to correspond- 50 paratus commences the
cout of times in  ing traffic signals 600. 601 and 602 through 115
synchronism  with said signals from  said  transmission lines 700, 701 and
702. computer, and generates si  a for advanc-    Accordingly, the
indications of the traf- ing the phases of said tra signals in  fic signals
are switched, when the computer synchronism  with the countout of said  100
is operating normally, in accordance 55 times of phases,         with the
phase advance signal SC generated 120 and switch means for transmitting to
said  by the computer 100, and are switched, traffic signals said signals f
said corn-  when the computer 100 fails in accordance puter when said
computer is normally oper-  with the phase advance signal SF gener- 



ating, and transmitting s          from   ated by the fail-safe apparatus
200. 60 said fail-safe apparatus when said com-    In the embodiment shown
in Fig. 1, the 125 puter has failed.                        fail-safe
apparatus 200 is connected to the An embodiment of the invention will
computer 100 through a control line CL and now be described by way of
example, with  a bus line BL. When the computer 100 is reference to the
accompanying drawings, in  operating normally, control parameters oom- 65
which:                                   puted by the computer 100 are
supplied 130    3                                       1 386 716 to the
fail-safe apparatus 200.          pulses with the flip-flop 15 being set.
When Fig. 2 shows the fail-safe apparatus 200. the computer 100 fails, the
counter 7 ad- Registers 1, 2, 3, 4, 5 and 6 are provided  vances in
accordance with the per-cent pulses - in. the fail-safe apparatus 200 for
setting  regardless of the state of 'the flip-flop 15. 5 the respective
times of phases of the traffic    The flip-flop 15 is set by the signal SC
70 signals.  The data to be stored in the  transmitted from the computer
100. The registers 1, 2, 3, 4, 5 and 6 is transmitted  signal SC is also
supplied to the input via a first bus line BL1 from the computer  terminal
of OR gate 16. The output termi- 100. The computer 100 is connected to one
nal of the OR gate 16 Is connected to the 10 input terminal of respective
AND gates 21, reset terminal of the counter 7 and also 75 22, 23, 24, 25
and 26 through bus line  to the counter 9. The output terminal of BL1, and
also is connected to the other  the counter 9 is connected to one input
input terminal of the respective AND gates  terminal of respective AND
gates 31, 32, 21 to 26 through the first control line CL1. 33, 34, 35 and
36. The other input terminal 15 The output terminals of the AND gates 21
of the respective AND gates 31, 32, 33, 34, 80 to 26 are respectively
connected to the input' 35 and 36 is connected to respective output
terminals of the registers 1 to 6. The data  terminals of the registers 1,
2, 3, 4, 5 and signals from the computer 100 are conveyed  6 respectively.
The data signals stored in on the bus line BLI and appear at the  the
registers 1, 2, 3, 4, 5 and 6 appear at 20 output terminals of the AND
gates 21 to  the output terminals of the AND gates 31, 85 26 when a signal
is supplied to the res-  32, 33, 34, 35 and 36, respectively, in pective
other input terinals thereof from  accordance with the supply of output
signals the computer 100 through the control line  from the counter 9 to
the respective other CL1. Therefore, respective values of phase  input
terminals of the AND gates 31 to 36. 25 times computed by the computer 100
are  The ouput signals of the AND gates 31 to 'go stored in the registers
1, 2, 3, 4. 5 and. 6  36 are connected to one input terminal of every
period of, for example, five minutes.  a coincidence circuit 17. The output
ter- In the present embodiment, the value of the  minal of the counter 7 is
connected to time of first phase is stored in the register  the other input
terminal of the coincidence 30 1, the value of the time of second phase
circuit 17. A signal appears at the output 95 is stored in the register 2,
and in sequence  terminal of the coincidence circuit 17 upon the value
of'the time of 'sixth phase is  coincidenceof the count value of the coun-
stored in the register 6.                ter 7 with the data signal from
the AND A  counter 7 is 'provided for counting  gates 31, 32, 33, 34, 35
and 36. The output 35 the respective times of phases. The counter  terminal
of the coincidence circuit 17 is 100 7 advances in accordance with clock
pulses  connected to the input terminal of a gate generated by a clodk
pulse generator 8, circuit 500 as well as to the reset input and is reset
each time a counter 9 advances. terminal of the flip-flop circuit 15. The
clock pulses generated by the generator    The counter 9 advances stepwise
in ac- 40 8' are supplied to the input terminal of a  cordance with the
output of the OR gate 105 frequency divider 10. A decoder 11 is pro-  16,
and the output 'of the counter 9 in vided for controlling the divider 10,
and the  each stage opens a corresponding one of divider 10 generates at
its output terminal  the AND gates 31 to 36 in. sequence. Each pulse
signals by dividing the frequency of  time the counter 7 counts out the'
time 45 the clock pulses by the value instructed by  stored in one of the
registers 1 to 6, a 110 * the decoder 11. The decoder 11 is controlled
signal appears at the terminal of the' co- by the. computer 100 through a
bus line  incidence circuit 17. The signal thus ap- BL2. The pulse signals
appearing at. the  pears each time one of the time values 



output terminal of the divider 10 are called  stored in the registers I to
6 has elapsed. 50 per-cent pulses.". The output terminal of In the present
embodiment, the time of 115 the divider 10 is connected to input ter-  each
phase  computed  by  the  oom- minals of gate circuits 12 and 13. The out-
puter  is  set in  the  registers  1  to put terminals of the gate circuits
12 and 13  6  respectively, and  the  times of the are connected to input
terminal of OR gate  phases are counted successively in the com- 55 14, and
the output terminal of the OR gate  puter 100. The computer 100 generates
the 120 14 is connected to the input terminal of  signals SC as it counts
out the times of the counter 7.                           respective
phases. Since the counter 7 is The signal S1 is supplied 'to the other
reset by the signal SC; the signal at the out- terminals of the gate
circuits 12, 13. The  put terminal of the coincidince circuit 17 ap- 60 set
output terminal of a flip-flop 15 is con-  pears simultaneously with the
signal SC 125 nected to the remaining input terminal of generated by the.
computer 100. the gate circuit 13.'                      As shown in Fig.
3(A), if, for any reason, Accordingly, when the computer 100 is  the signal
SC from the computer 100 is operating normally, the counter 7 advances
generated, during a phase (n), at the  time 65 stepwise in accordance with
the  per-cent [err] earlier than a time [err] where the signal 130    1 386
716                 '4 I appears from  the coindicence circuit 17,
systematically controlled. then the counter 7 is cleared at the time
Since the relationships betwen the phase [err] and at the same time the
counter 9 is  advance signals generated by the computer advanced.
Accordingly, in the next phase  100 and those generated by the fail-safe 5
(n +1). both the advance signal SC from the  apparatus 200 are as described
above, the 70 computer 100 and the output signal of the  systematic control
of the adjacent traffic coincidence circuit 17 are generated at a  signals
can be realized immediately when same time [err] On the oth  hand, as shown
the computer 100 fails. in Fig. 3(B), if the output signal of the
Further, a third bus line BL3 is provided 10 coincidence circuit 17 apears
at a time [err] for the purpose of adjusting the phase of 75 earlier than a
time t2 whre the signal SC  the counter 9, at a desired time, in coin- is
generated by the computer 100, then the  cidence with the phase of traffic
signals flip-flop is reset at the time [err] thereby the  instructed by.
the computor 100. percent pulses are no more supplied to the    In the
above described embodiment, the 15 counter 7. And later on, the counter 7
is  setting of the registers 1 to 6 is performed 80 reset and at the same
time the flip-flop 15  by the computer 100. However, it may be so is set by
the signal SC generated by the  constructed that the setting of the
registers computer 100 at a time [err]. Accordingly, at  I to 6 is
performed manually. The values the next phase .(n+l), both the advance  to
be set in the registers 1 to 6 are not 20 signal SC by the computer 100 and
the  necessarily in coincidence with the phase 8$ output signal of the
coincidence circuit 17  times computed by the computer 100. The appear at a
same time [err]                 only one condition necessary is that the .
As above described,  hen the corm-  sum of the data to -be set in the
registers puter 100 is operating normally, the counter  I to 6 is equal
with respect to the respec- 25 9 is: advanced by the         signal SC,
tive intersections to be systematically con- 90 and the count of time by
counter 7 and  trolled. the count of time by the computer 100 are    WHAT
WE CLAM  IS: commenced simultaneously,and according-    1. A  traffic
signal control system  for ly, it will be understood that the time when
controlling traffic signals at a multiplicity 30 the signal SC is generated
the computer  of inter-sections, comprising, 100 and the time when the
output signal of    a computer for counting times of phases the coincidence
circuit 17 appears are in  of traffic signals and generating signals for
coincidence in every phase. Therefore, even  advancing phases of the
traffic signals upon if the computer 100 fails at a time to as  each
countout of the times of phases, 35 shown in  Fig. 4, since the phase of
the    a fail-safe apparatus, in which required 100 counter 9 provided in
the fail-safe appa-  times of phases of the traffic signals are ratus 200
is the same as that of the traffic  set, and to which said signals
generated 



signal, and the value of time count of the  by said computer are supplied,
counter 9 in that phase is equal to that of    wherein, in operation said
fail-safe ap- 40 the computer 100 and, the control of the  paratus
commences the count of times in 105 traffic signals 600, 601, 602 can be
switched  synchronism  with said signals from  said from control by the
computer 100 to con-  computer, and generates signals for advanc- trol by
the fail-safe apparatus without any  ing the phases of said traffic signals
in syn- troubles.                                 chronism with the
countout of said times 45  In the above, the.description has been  of
phases,                                110 made in connection with the
traffic signal    and switch means for transmitting to said at one
intersection. Howevet as is well  traffic signals said signals. from said
com- known .by those skilled in the art, the signal  puter when said
computer is normally SC from the computer 100 is transmitted to  operating,
and transmitting said signals from .50 the traffic signals at adjacent
intersections  said fail-safe apparatus when said computer 115 with offset
value OFV suited to the traffic  has failed. flow.  The mutual
relationships between    2. A  traffic signal control system  ac- phase
advance signals transmitted to those  cording to claim 1, wherein said
times of adjacent intersections are shown in Fig. 5. phases are set in said
fail-safe' apparatus by 55 Namely, after the phase advance signal SCO
said computer.            120 has been transmitted to the traffic signal
3. A trafic signal control system accord- 500 shown in. Fig. 1, the phase
advance  ing to claim 1, wherein said times of phases signal -SC1  is
transmitted to the adjacent  are set in said fail-safe apparatus manually.
traffic signal 501 with offset value OFV1 in    4. A traffic signal
control'system accord- 60 that phase. Similarly, after the  phase ad-  ing
to claim 1, wherein said fail-safe appa- 125 vance signal S1 has been
transmitted to the  ratus comprises; traffic signal 501, the phase advance
signal  first means in which times of phases SC2 is transmitted to the
adjacent traffic     are set, signal 502 with offset value OFV2 in that
second means for counting clocak pulses, 65 phase. In this manner, the
traffi signals are  and.                               130    1 386 716
appears from the coindicence circuit 17, systematically controlled. then
the counter 7 is cleared at the time    Since the relationships betwen the
phase [err] and at the same time the counter 9 is  advance signals
generated by the computer advanced. Accordingly, in the next phase  100 and
those generated by the fail-safe 5 (n +1), both the advance signal SC from
the  apparatus 200 are as described above, the 70 computer 100 and the
output signal of the  systematic control of the adjacent traffic
coincidence circuit 17 are generated at a  signals can be realized
immediately when same time [err] On the other hand, as shown  the computer
100 fails. in Fig. 3(B). if the output signal of the    Further, a third
bus line BL3 is provided 10 coincidence circuit 17 appears at a time [err]
for the purpose of adjusting the phase of 75 earlier than a time t2 where
the signal SC  the counter 9, at a desired time, in coin- is generated by
the computer 100, then the  cidence with the phase of traffic signals
flip-flop is reset at the time [err] thereby the  instructed by the
computor 100. percent pulses are no more supplied to the    In the above
described embodiment, the 15 counter 7. And later on, the counter 7 is
setting of the registers 1 to 6 is performed 80 reset and at the same time
the flip-flop 15  by the computer 100. However, it may be so is set by the
signal SC generated by the  constructed that the setting of the registers
computer 100 at a time [err] Accordingly, at  I to 6 is performed manually.
The values the next phase (n+1), both the advance  to be set in the
registers 1 to 6 are not 20 signal SC by the computer 100 and the
necessarily in coincidence with the phase 85 output signal of the
coincidence circuit 17  times computed by the computor 100. The appear at a
same time [err]                only one condition necessary is that the As
above described, when the com- sum of the data to be set in the registers
puter 100 is operating normally, the counter  I to 6 is equal with respect
to the respec- 25 9 is advanced by the advance signal SC, tive
intersections to be systematically con- 90 and the count of time by counter
7 and  trolled. the count of time by the computer 100 are    WHAT WE CLAIM
IS: 



commenced simultaneously, and according-    1. A  traffic signal control
system  for ly, it will be understood that the time when  controlling
traffic signals at a multiplicity 30 the signal SC is generated by the
computer  of inter-sections, comprising,       95 100 and the time when the
output signal of    a computer for counting times of phases the coincidence
circuit 17 appears are in  of traffic signals and generating signals for
coincidence in every phase. Therefore, even  advancing phases of the
traffic signals upon if the computer 100 fails at a time to as  each
countout of the times of phases, 35 shown in Fig. 4, since the phase of the
a fail-safe apparatus, in which required 100 counter 9 provided in the
fail-safe appa-  times of phases of the traffic signals are ratus 200 is
the same as that of the traffic  set, and to which said signals generated
signal, and the value of time count of the  by said computer are supplied.
counter 9 in that phase is equal to that of    wherein, in operation said
fail-safe ap- 40 the computer 100 and, the control of the  paratus
commences the count of times in 105 traffic signals 600, 601, 602 can be
switched  synchronism  with said signals from  said from control by the
computer 100 to con-  computer, and generates signals for advanc- trol by
the fail-safe apparatus without any  ing the phases of said traffic signals
in syn. troubles.                                chronism with the countout
of said times 45  In the above, the description has been  of phases,
110 made in connection with the traffic signal    and switch means for
transmitting to said at one intersection. However, as is well  traffic
signals said signals from said com- known by those skilled in the art, the
signal  puter when said  computer is normally SC from the computer 100 is
transmitted to  operating, and transmitting said signals from 50 the
traffic signals at adjacent intersections  said fail-safe apparatus when
said computer 115 with offset value OFV suited to the traffic  has failed.
flow.  The mutual relationships between    2. A  traffic signal control
system  ac- phase advance signals transmitted to those  cording to claim 1,
wherein said times of adjacent intersections are shown in Fig. 5. phases
are set in said fail-safe apparatus by 55 Namely, after the phase advance
signal SCO   said computer.                       120 has been transmitted
to the traffic signal    3. A traffic signal control system accord- 500
shown in Fig. 1, the phase advance  ing to claim 1, wherein said times of
phases signal SC1 is transmitted to the adjacent  are set in said fail-safe
apparatus manually. traffic signal 501 with offset value OFVl in    4. A
traffic signal control system accord- 60 that phase. Similarly, after the
phase ad-  ing to claim 1, wherein said fail-safe appa- 125 vance signal
SCI has been transmitted to the  ratus comprises; traffic signal 501, the
phase advance signal  first means in which times of phases SC2 is
transmitted to the adjacent traffic   are set, signal 502 with offset value
OFV2 in that    second means for counting clock pulses, 65 phase. In this
manner, the traffic signals are  and                              130    5
1 386 716                                        5 third means for
generating phase ad-  by said third means has been generated. vance signals
upon coincidence of the    6. A  traffic signal control system  sub- count
of said second means with said  stantially as hereinbefore described with
set value in said first means.        reference to and as shown in the
accom- 5. A  traffic signal control system  ac-  panying drawings.
15 cording to claim 4, further provided with means for interrupting the
supply of said    OMRON TATEISI ELECTRONICS CO., clock pulses to said
second means until said    Per: BOULT, WADE & TENNANT phase advance signal
by said computer is    34 Cursitor Street, London, EC4A 1PQ. 10 generated
after said phase advance signal          Chartered Patent Agents Printed
for Her Majesty's Stationery Office by The Tweeddale Press Ltd.,
Berwick-upon-Tweed, 1975. Published at the Patent' Office, 25 Southampton
Buildings, London, WC2A lAY, from which copies may be obtained.    


