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PATTERN SELECTION METHOD AND
APPARATUS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions

made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a technique which permits
step-wise scrolling, selectively in either of two opposite
directions, through a plurality of stored patterns and,
particularly, to facilitating the selection of the flash pattern
to be produced by an emergency vehicle warning light. More
specifically, this invention 1s directed to a one wire control
which enables a flash pattern generator to step, in either of
two directions, through a table of mstructions commensurate
with multiple flash patterns. Accordingly, the general objects
of the present invention are to provide novel and improved
methods and apparatus of such character.

2. Description of the Prior Art

While not limited thereto 1n its utility, the present mven-
tion has been devised for, and 1s particularly useful in, the
selection of a flash pattern to be generated by a high intensity
light mounted upon an emergency vehicle. An emergency
vehicle warning or signaling light may employ, as the light
generator, an 1ncandescent score, a halogen lamp for
example, or a gaseous discharge device, 1.€., a flash tube or
strobe. Such a light generator may also comprise an array of
closely spaced light emitting diodes. The control for an
emergency vehicle warning light will typically have the
capability of causing the generation of a plurality of different
flash patterns. These “standard” patterns will be stored 1n a
pattern table as retrievable controller commands.

The operators of emergency vehicles demand the ability
to exercise control over the flash pattern produced by their
vehicle mounted warning lights. In the prior art the selection
of a stored flash pattern often required the vehicle operator
to physically access the control for the flash pattern genera-
tor and perform some “manipulation”, 1.e., a circuit
modification, and/or required the routing of a multi-
conductor cable from the control to a selector module
located within the driver’s compartment. Manipulative steps
such as the setting of multiple dip switches at the typically
difficult to reach control, a common prior art method of
pattern selection, can not readily be performed 1n the field.
The foregoing problem results from the fact that the flash
pattern generator control 1s typically located remotely from
the passenger compartment, in a roof-mounted assembly for
example, and hard to access. The use of passenger compart-
ment mounted multi-position selector switches 1s an equally
unsatisfactory manner of addressing the problem of flash
pattern variation since the number of available patterns 1s
limited to the relative small number of discrete switch
positions and, additionally, the expense and inconvenience
of connecting and routing a multi-conductor cable 1s pre-
sented. The use of other more complex means for commu-
nicating data between the passenger compartment and pat-
tern generator control, wireless techniques for example, 1s
prohibitively expensive and/or volumetrically inefficient.

It should also be noted that the operating environment of
a warning light 1s relatively harsh. This fact dictates a desire
to package flash generator control circuitry 1n a shock-proof,
hermetically sealed manner. Such packaging obviously
complicates, and often precludes, access for pattern chang-
Ing.
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To summarize, there has been a long standing desire for
an uncomplicated and easily useable method of and appa-
ratus for choosing that one of a plurality of stored command
signals which will result 1n, for example, the production of
a desired flashing light pattern.

SUMMARY OF THE INVENTION

The present mnvention overcomes the above-discussed and
other deficiencies and disadvantages of the prior art by
providing a pattern selection technique which 1s responsive
to changes 1n the state of a single electrical terminal. The
change 1n state may, for example, be simply the connection
of that single terminal to ground. Thus, a pattern change
input to a remotely located pattern generator 1n accordance
with the invention may be delivered via a single conductor.

The technique of the present mnvention employs the dura-
tion of changes 1n the state of the single mput terminal as
directional control information to 1mplement stepwise
scrolling through the plurality of stored patterns. If the
duration of the change of state of the input terminal is
between first preselected minimum and maximum values,
the stepping will precede 1n a first direction. If the duration
of the change 1n 1nput terminal state 1s greater than the first
maximum, the stepping will occur 1n a second, opposite
direction. If there are no changes in iput terminal state
within a time period which exceeds a second maximum
duration, for example if the input terminal remains
orounded, a command signal commensurate with the pattern
stored at the address of the last step 1n the scrolling through
the stored patterns will be retained and used as the mput to
a light generator controller.

In accordance with a preferred method of practice of the
invention, the state of the mnput terminal may be varied by
means of the momentary closure of a normally open switch
or by providing a pair of terminals that may be momentarily
and easily bridged by a conductor.

Also 1n accordance with a preferred embodiment of the
invention, nformation commensurate with the predeter-
mined patterns 1s stored in memory, and a word, 1.e., a
pointer to the full memory address of stored pattern
imnformation, will be incremented or decremented as a func-
tion of the time the state of the mput terminal deviates from
its normal state. Each time the pointer 1s changed, a test 1s
conducted to see 1f the new pointer 1s commensurate with the
desired pattern. If test 1s satisfied, the full address of the
newly selected pattern 1s stored and used.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention may be better understood, and 1its
numerous objects and advantages will become apparent to
those skilled 1n the art, by reference to the accompanying
drawings wherein:

FIG. 1 1s a simplified information flow diagram which
depicts operation of the 1nvention;

FIG. 2 1s an expanded information flow diagram detailing,
the operation of the mnvention;

FIG. 3 1s a timing diagram 1llustrating several typical flash
patterns obtainable from a warning light, controlled 1n
accordance with the present invention; and

FIG. 4 1s an electrical schematic diagram of hardware for
implementing a first embodiment of the invention.

A DETAILED DESCRIPTION OF THE
DISCLOSED EMBODIMENT

For purposes of explanation, the invention will be
described 1n the environment of a control for a warning light
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comprising an array ol light emitting diodes. As noted
above, the controlled light generator could also be a gaseous
discharge tube or a halogen lamp.

FIG. 3 is a timing diagram which represents four (4)
different flash patterns which might be available. In actual
practice there customarily are at least twelve (12) standard
flash patterns available. Information commensurate with
these patterns, 1n the form of command signals, 1s stored 1n
a non-volatile, addressable, solid state memory, 1., 1n

ROM, which is integral with a microprocessor. The manner
in which the stored information 1s employed to energize the
light generators will be described briefly below.

User generated mput signals, 1.€., requests for a change in
the flash pattern, are delivered to an input signal generator
which 1s mdicated at 10 1n FIGS. 1 and 4. The change of
pattern requests may most easily be generated simply by the
momentary establishment or interruption of a path to ground
potential. This may be accomplished, for example, by con-
necting a first terminal 12 of a double pole switch 13 to
oground, the other switch terminal being connected to an
input of the flash pattern generator. Alternatively, the 1nput
signal may be generated by momentarily placing an electri-
cally conductive object, a coin for example, 1n contact with
a pair of terminals 14 and 16 which are respectively con-
nected to the pattern generator input and ground. There are
technically valid and obvious reasons for choosing each of
these different approaches to effecting a momentary change
of state, typically the electrical grounding, of the input
terminal of a flash pattern generator. It will be obvious to
those skilled in the art that there are other, more
sophisticated, mput signal generators 10. Such other 1nput
signal generators include optical and RF devices which
could be employed to change the state of a single 1nput
terminal to generate mput control signals for the invention.

An eclectrical 1nput signal produced by the momentary
orounding of either of terminals 12 or 14 will, in the
conventional manner, be debounced as indicated by step 20
in FIG. 1. The resultant square wave signal will then be
tested, 1n step 22, to determine 1if its duration 1s commen-
surate with a desire to either increment or decrement an eight
(8) bit word, i.e., a pointer, which references the full address,
in a pattern table, of the stored flash pattern command. In the
simplified example of FIG. 1, an input signal duration of less
than one second 1s commensurate with a desire to increment
the pointer whereas an 1mput signal duration 1n excess of one
second 1s commensurate with a desire to decrement the
pointer. The increment/decrement information 1s employed
to move the pointer as indicated at step 24. The time which
has elapsed since the last operator produced input control
signal 1s also tested 1n step 26. As indicated at step 28, the
full address of the active pattern will be saved, 1.e., stored in
a random access memory for use as control information,
whenever a preselected time has elapsed since the last
pointer change.

The process represented by FIG. 1, 1n a preferred
embodiment, 1s implemented 1n the manner shown 1n FIG.
2 employing the hardware shown schematically in FIG. 4.
With the exception of the generation of the “change pattern”
request mput signals, implementation of the processes 1s
under the control of mstructions stored 1n a microcontroller
18 which may, for example, comprise a Microchip
Technology, Inc. PIC12CE519-04 1/P, including EPROM,
EEPROM, RAM, I/O, timer, internal oscillator and watch-
dog circuit. Upon application of power by the closing of a
switch SW1, represented by step 30, the pointer commen-
surate with the address of the previously active pattern 1s
retrieved from the E°PROM, as indicated by step 32, and
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stored in RAM. The retrieved pointer 1s then processed, 1n
step 34, to locate the start of the pattern, information, 1.€., the
pointer leads to the full address of the pattern. The pattern
information 1s then processed, in step 36, to generate a
timing signal, 1.e., a train of energization pulses, such as
those represented 1n FIG. 3. The timing signal 1s utilized as
the mput to an output control switch, 1.e., a switch which
controls the flow of energizing current to a controlled light
generator. In the FIG. 4 embodiment, a pair of such output
control switches, consisting of MOSFETs Q1 and Q2, are

shown. If the light generator(s) is a flash tube, the MOSFETs
would be replaced by thyristors.

The potential at the control input to microcontroller 18,
1.€., the mput which 1s connected to either the ungrounded
terminal of switch 12 or terminal 14, 1s monitored, as
indicated by step 38, to determine whether the operator has
taken action to request a change 1n the active flash pattern,
1.€., a test 1s conducted to determine if there 1s a “change
pattern” 1nput. If the potential at the control input terminal
of microprocessor 18 has changed, indicative of the closing
of switch 12 or established of a short circuit between
terminals 14 and 16 of FIG. 4, for example, an 1nput timer
will be mmcremented as indicated at 40. The operation of the
mput timer will be monitored, as indicated at step 42, to
determine whether the “change pattern” 1nput signal has a
duration which exceeds a first, predetermined maximum. In
the example being described, this first maximum duration 1s
one second.

If the duration of the “change pattern” request 1s less than
one second, 1.€., 1f the result of the test of step 42 1s negative,
a test 44 will be performed to determine whether the 1nput
timer has been active. If this test 1s answered 1n the
athirmative, the “debounce” step referred to 1n the discussion
of FIG. 1 will be performed. The debouncing step 20 1s a test
to determine whether the mput timer has been active for
more than a predetermined minimum time. This minimum
time, 1n the example being described, 1s one quarter second,
1.e., a time sufficient for “noise” associated with a switch
closure to subside. If the test of step 20 1s answered 1n the
negative, the mput timer will be reset, 1n step 46, and no
action will be taken.

If the answer to the test performed 1n step 20 1s 1n the
atfirmative, a further test will be performed, in step 48, to
determine whether the duration of the “change pattern”
request exceeds the previously mentioned first maximum
fime, 1.€., one second 1n the example being described. If the
duration of the “change pattern” request 1s between one
quarter second and one second, the input timer will be reset,
in step 50, and the eight (8) bit word comprising the pointer
will be incremented one step. The incrementing of the
pointer will be accomplished by changing the address of the
EPROM 1 which the pointers are stored. This process 1s
represented as step 52. The incrementing of the pointer will,
of course, change the active flash pattern, as indicated by
step 54, and will start a “save” timer as indicated at 56.

If the result of test step 48 1s affirmative, 1.e., 1f duration
of the “change pattern” mput i1s greater than one second, the
input timer will be reset, see step 46, and all tlags will be
cleared. Also, 1f the pointer address has not already been
decremented 1n response to the existing “change pattern”
request, the pattern will be decremented by one step and a
“decrement” flag will be set. The test to determine whether
the pointer address has previously been decremented 1is
represented by step 58. The step of decrementing the pointer
address, 1.., moving the pointer one step 1n a direction
opposite to that which would result from a negative answer
in step 48, 1s represented by step 60. Step 58 guarantees that
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the pattern generator decrements only once per 1mput acti-
vation. If the answer to the test performed in step 58 1s
atfirmative, indicative for example of a relatively long term
shorting of the “change pattern” request input terminal to
oground, no additional action will be taken.

If an mput signal indicative of a desired to change the
active pattern has not been present, 1.e., if the tests of both
of steps 38 and 44 are answered 1n the negative, and the
input timer has not been active, a test 62 1s performed to
determine whether the “save” timer 1s active, 1.€., 1f step 56
has been performed. If the “save” timer 1s not active, nothing
further 1s done. However, if the “save” timer 1s active, thus
indicating that the pointer has been either incremented or
decremented one step, the “save” timer 1s 1tself incremented
in step 64. If more than five (5) seconds have elapsed since
the performance of step 64, 1.c., 1f test 66 1s answered 1n the
affirmative, the “save” timer 1s reset 1n step 68.

Upon the resetting of the “save” timer, the full address of
the new pattern 1s determined, 1.e., the pattern address
commensurate with the existing pointer will be calculated in
step 78, and that new pattern address will be stored in the E*
PROM memory in step 28. The new pattern will then be
processed, as described above, and a pulse train such as one
of those mdicated in FIG. 3 will be outputted by microcon-
troller 18 to control the closing of a solid state switch, such
as switches Q1 and Q2, to thereby energize a light generator
and produce a repetitive pattern of light pulses, 1.e., flashes.

While a preferred embodiment has been shown and
described, various modifications and substitutions may be
made thereto without departing from the spirit and scope of
the 1nvention. Accordingly, it 1s to be understood that the
present invention has been described by way of illustration
and not limaitation.

What 1s claimed 1s:

1. A method for varying the discernable information
produced by a warning device, mstructions commensurate
with a predetermined number of different human sensory
system stimulation patterns being stored in memory at
sequentially addressable locations, said method comprising
the steps of:

generating an address signal which corresponds to the
memory location of the instruction commensurate with
the active warning pattern;

employing the generated address signal to retrieve the
mstruction commensurate therewith;

using the retrieved instruction to control the periodic
energization of an energy radiator of a warning device;

monitoring the state of an electrical contact, the contact
having applied thereto a first normal potential corre-
sponding to a first state and a second potential corre-
sponding to a second state, the second potential being
indicative of a desire to vary the warning pattern;

measuring the duration of each application of said second
potential to the monitored contact;

changing the generated address signal when the measured
time 1s less than said first duration, the address signal
being either incremented or decremented as a function
of whether the measured time has exceeded the first
duration to provide a new address signal;

employing the new address signal to retrieve a new
istruction commensurate therewith; and

using the retrieved new instruction to control the periodic
energization of the radiator of the warning device.

2. The method of claim 1, wherein the step of changing

the generated address signal when the measured duration 1s
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less than the first duration comprises varying the address
signal by a single step 1n a first direction when the measured
duration 1s greater than a second duration but less than the
first duration, the second duration being a time period which
1s less than the first duration.

3. The method of claim 1, wherein the said step of
generating an address signal comprises:

producing a pointer which may be incremented or decre-
mented 1n step-wise fashion; and
wherein said steps of changing the generated address signal
comprise:
causing a change to the [to the] pointer.
4. The method of claim 3, wherein the step of changing

the generated address signal when the measured duration 1s
less than the first duration comprises:

stepping the pointer 1n a first direction when the measured
duration 1s greater than a second duration but less than
the first duration, the second duration bemng a time
period which 1s less than the first duration.
5. The method of claim 4, wherein the step causing a
change to the pointer when the measured time exceeds a first
duration comprises:

decrementing the pointer.

6. The method of claim 1, wherein the discernable infor-
mation 15 embodied 1 a visually observable flash pattern
and wherein the step of employing the new address signal to
retrieve a pattern instruction includes:

determining the elapsed time since the last change of state
of the monitored contact; and

employing the new address signal to retrieve an instruc-
tion 1f there have been no changes 1n contact state for
a time duration which exceeds a second duration which
1s greater than the first duration.
7. The method of claim 1, wherein the step of generating,
an address signal comprises:

producing a digitized numerical pointer which references
the full address, in a pattern table, of an instruction
commensurate with a pattern; and

identifying and reading the full address of the pattern
which corresponds to the pointer pattern.
8. The method of claim 1, wherein the second potential 1s
oground potential and wherein said method further comprises
the step of:

connecting the monitored electrical contact to ground
potential 1 order to generate a change pattern
command, the duration of such commands being mea-
sured 1n said step of measuring.
9. The method of claim 7, wherein said steps of changing
the address signal each comprise:

causing a step-wise change in the pointer.

10. The method of claim 9, wherein the discernable
information 1s embodied in a visually observable flash
pattern and wherein the step of employing the new address
signal to retrieve a pattern instruction includes:

determining the elapsed time since the last change of state
of the monitored contact; and

employing the new address signal to retrieve an instruc-
tion 1f there have been no changes 1n contact state for
a time duration which exceeds a second duration which
1s greater than the first duration.
11. The method of claim 10, wherein the step of changing
the generated address signal when the measured duration 1s
less than the first duration comprises:

stepping the pointer 1n a first direction when the measured
duration 1s greater than a third duration but less than the
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first duration, the third duration bemng a time period
which 1s less than the first duration.
12. The method of claim 11, wherein the step causing a
change to the pointer when the measured time exceeds a first
duration comprises:

decrementing the pointer.

13. The method of claim 12, wherein the second potential
1s ground potential and wherein said method further com-
prises the step of:

connecting the monitored electrical contact to ground
potential 1n order to generate a change pattern
command, the duration of such commands being mea-
sured 1n said step of measuring.

14. A method for varying the discernable information
produced by a warning device, instructions commensurate
with a predetermined number of different human sensory
system stimulation patterns being stored in addressable
memory locations, said method comprising the steps of.

generating an address signal which corresponds to the
memory location of the instruction commensurate with
an active warning pattern;

employing the generated address signal to retrieve the
INStruciion;

using the retrieved instruction to conitrol the periodic
energization of an energy radiator of a warning device;

monttoring the state of an electrical contact, the contact
having applied thereto a first normal potential corre-
sponding to a first state and a second potential corre-
sponding to a second state, the second potential being
indicative of a desire to vary the warning pattern;

changing the generated address signal to a new address
signal when said second potential is applied to the
monitored electrical contact,

employing the new address signal to retfrieve a new
instruction; and

using the new instruction to control the periodic energi-
zation of the radiator of the warning device.
15. The method of claim 14, comprising the step of:

measuring a duration of each application of said second
potential to the monitored contact;

wherein the step of changing comprises.
incrementing or decrementing the generated address
signal as a function of the measured duration.
16. The method of claim 15, wherein the step of changing
COMPrises:

making no change to the generated address signal if the
measured duration does not exceed a first duration,

incrementing the generated address signal by a single
step when the measured duration is greater than the
first duration but less than a second duration; or

decrementing the generated address signal by a single
step when the measured duration is greater than the
second duration.
17. The method of claim 14, wherein generating an
address signal comprises:

10

15

20

25

30

35

40

45

50

55

3

producing a pointer which may be incremented or dec-
remented in step-wise fashion; and

wherein said step of incrementing or decrementing com-
prises,
causing a change to the pointer.

18. The method of claim 14, wherein the second potential
is ground potential and wherein said method comprises:

connecting the monitored electrical contact to ground
potential to generate a change pattern command.
19. The method of claim 15, wherein the second potential
is ground potential and wherein said method comprises:

connecting the monitored electrical contact to ground
potential to generate a change pattern command, the
duration of the change pattern command being mea-
sured in said step of measuring.
20. A circuit for applying an energy pattern to a radiator
of a warning device comprising.
a programmable microcontroller, said microcontroller
COMPIISING.
memory for storing an operating program and com-
prising a plurality of addressable memory locations;
a plurality of instruction sets stored in the plurality of
addressable memory locations, each instruction set
corresponding to a different pattern of energy fto be
applied to the radiator under the direction of the

controller to produce a human sensory stimulation
pattern; and

a monitored electrical terminal having applied thereto a
first normal potential corresponding to a first state;

wherein the microcontroller operating program retrieves
an active instruction set and applies the energy pattern
corresponding o the active instruction set fo the
radiator, the operating program being responsive (o
application of a second poteniial to the monitored
elecirical contact to select another of said instruction
sets as the active mstruction set.

21. The warning device of claim 20, wherein addresses
corresponding to said plurality of addressable memory
locations are stored in a table, each address in the table
assoctated with a pointer, said operating program retrieving
the active instruction set according to an address indicated
by the pointer and selecting another of said instruction sets
by changing the pointer.

22. The warning device of claim 21, wherein the pointers
comprise a sequence of binary numbers and changing the
pointer comprises incrementing or decrementing the binary
number:

23. The warning device of claim 21, wherein said oper-
ating program measures the duration of said application of
a second potential to the monitored electrical contact and

changes the pointer as a function of the duration of said
application.
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