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[57] ABSTRACT
An electronic control system, as for instance a mi-

V. REG.

crocomputer in a microwave oven, is automatically
reset when a signal, normally provided by the mi-
crocomputer within some normal interval relative to
some reference, fails to occur. A reset command signal
is generated and resets the microcomputer to some
initial point from which normal operation may begin or
resume and at which certain output loads may be ren-
dered inoperative. A display device associated with the
appliance is repetitively scanned at some normal inter-
val and may provide the monitored signal. Circuitry
capable of generating a reset-command signal is inhib-
ited by the occurrence of a transition attending the
display scan signal so long as it recurs within the partic-
ular interval. A timing capacitor is reset, as by being
discharged, each time a transition attending a display
scan signal occurs. If the capacitor is not reset, the
voltage thereon ultimately attains a level which results
in the generation of the reset command. Repetitive
time-spaced reset commands may also be provided to
insure success of the resetting operation. This reset
command generating circuitry may be independent of
and external to the microcomputer.

9 Claims, 6 Drawing Figures
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AUTOMATIC RESETTING OF CONTROL SYSTEM
FOR LOSS OF FUNCTIONALITY

DESCRIPTION

1. Technical Field

The present invention relates to electronic control
systems and more particularly to microcomputer-based
electronic control systems. More specifically, the pres-
ent invention relates to automatically resetting such
control systems upon detection that the control system
has departed from a normal mode of operation.

2. Background Art

Electronic control systems and particularly such sys-
tems employing microprocessors or microcomputers,
have enjoyed a rapid growth for use in controlling a
variety of devices, including appliances, industrial con-
trols, and the like. Frequently these control systems are
required to perform complex control tasks in a very
precise manner. An unintended departure from the
normal control routine may, at the least, complicate or
prevent the attainment of the desired control objective,
but in certain instances may pose even more serious
problems. For instance, microcomputer-based control
of appliances such as microwave ovens, dishwashers,
and the like has become relatively common, and the
control sequences performed normally involve activat-
ing and deactivating certain load devices associated
with the appliance. For example, the source of cooking
energy in a microwave oven is partly or wholly derived
from a magnetron, the activation of which is closely
controlled in accordance with a program executed by a
microcomputer. The failure of the magnetron to turn
off at the intended time could result in the oven’s con-
tents being over-cooked or burned.

At least some microcomputers or microprocessors
are susceptible to various forms of electrical interfer-
ence, as for instance a static electric discharge, in a
manner which may damage them or may alter the infor-
mation stored therein. While proper design of the
power supply and input/output circuitry may prevent
this problem to some extent, the magnitude of the inter-
ference may be overwhelming in certain instances. As-
suming the microcomputer is not damaged but that it is
forced into undefined states by the interference, its con-
tinued operation in this undefined regime is undesirable
as previously mentioned.

Microcomputers include resetting circuitry and/or
routines which, in response to a command signal gener-
ated upon powering-up the system, effects the clearing
of certain data from memory, the initializing of a stored
program sequence and correspondingly, the turn-off of
certain load devices.

DISCLOSURE OF INVENTION

Accordingly, it is a principal object of the invention
to prevent a control system such as a microcomputer
from controlling one or more load devices in an unde-
sired or unsafe manner in the event the normal control
routine is distorted or disrupted, as by electrical inter-
ference.

It is another object of the invention to restore the
control system to a normal operating mode in the event
of disruption. Included in this object is the provision of
automatic resetting of the control system.

In accordance with the invention, provision is made
for the automatic resetting of an electronic control
system, especially one in which the signal processing is
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performed by a microcomputer employing a memory
programmed with instruction words defining operating
sequences implemented by control logic to provide
control signals, and which includes the capability of
being reset to some initial point in the program sequence
in response to the generation of a reset command. A
signal normally provided by the signal processor or
microcomputer within some normal interval relative to
some reference is monitored. Failure of the signal to
occur or recur within the monitored interval is inter-
preted as a failure of the control system and a reset
commangd signal is automatically generated. The reset
command signal is utilized to reset the control system to
the aforementioned initial point, from which normal
operation may begin or resume if the circuitry is un-
harmed and the disruptive cause was transient.

The control system, in a preferred application, forms
part of an appliance such as a microwave oven, and the
resetting of the program sequence to its initial point is
normally operative to terminate continued operation or
activation of various load devices, such as a magnetron,
associated with the appliance.

In one embodiment of the invention, a display associ-
ated with an appliance is repetitively scanned at some
normal interval, this display scan signal being the moni-
tored signal. Specifically, circuitry capable of generat-
ing a reset-command signal is inhibited by the occur-
rence of a transition attending the display scan signal so
long as it recurs within the particular interval. A timing
capacitor is reset, as by being discharged, each time a
transition attending a display scan signal occurs. If the
capacitor is not reset, the voltage thereon ultimately
attains a level which results in the generation of the
reset command. To provide for successive, time-spaced
reset commands in the event the first is unsuccessful, the
reset command may be repetitively gated on and off, for
instance at the frequency of the available AC power
supply. This automatic reset command generating cir-
cuitry is preferably independent of and located exter-
nally of and connected to the integrally-formed mi-
crocomputer.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a generalized block diagram of a control
system in accordance with the invention;

FIG. 2 illustrates the control system of FIG. 1 in
greater detail, schematically depicting one circuit for
effecting generation of an automatic reset command;

FIG. 3 is a timing diagram of the scan signals for the
several display devices; and

FIGS. 44, 4b and 4c¢ are logic flow chart diagrams of
the processing steps incorporated in two sub-routines
and an initial portion of the main routine and two sepa-
rate routines of the programmed instruction sequences.

BEST MODE FOR CARRYING OUT THE
INVENTION

Referring to the drawings, there is illustrated in FIG.
1 a generalized control system 10 for an electrically
controllable device, such as an appliance or the like,
here represented by microwave oven 12. The oven 12
includes several components or loads, generally desig-
nated 14, which respond directly or indirectly to con-
trol signals from control system 10 to effect the opera-
tion of the oven appliance. For oven 12, the appliance
loads 14 would include the magnetron, door latch, fan,
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stirrer, end of cycle buzzer, possibly a radiant browning
element, etc. (none being shown).

The signal processing capability of control system 10
is preferably obtained with an integrally-formed mi-
crocomputer 16 which includes input, output and mem-
ory capabilities as well as the signal processing logic
normally attendant to a microprocessor. The memory
includes both read-only-memory (ROM) and random-
access-memory (RAM) for respectively storing pro-
gram instructions and both user-supplied and system-
generated data. An included program counter addresses
the program instructions in the ROM in accordance
with a particular control sequence, and the instructions
are decoded in appropriate decoding circuitry and ex-
tended as control signals to other portions of the mi-
crocomputer. The control logic of the microcomputer
includes an arithmetic logic unit (ALU) and an accum-
mulator for the logical processing of data. The input
and output circuitry may each be dedicated to a respec-
tive one of those functions or may singularly provide
both functions by multiplexing. The system timing may
be obtained with an internal clock derived from an
internal oscillator or it may be provided from an exter-
nal source.

Importantly, the microcomputer 16 also includes a
resetting capability via the power-on-reset (POR) port.
A Reset Command signal applied to the POR port will
automatically set the program counter to a particular
starting or initial location and the various outputs from
the microcomputer are set to a “float” state. This condi-
tion is maintained so long as the logic level of the Reset
Command exists. Upon release, the program counter
initiates the first instruction to be read from the ROM
into the instruction decode logic. After executing that
initial instruction, the program counter increments so
that the second and subsequent instructions may be
recalled from memory and executed, enabling a se-
quence of initializing operations to be automatically
performed.

Data and certain functional commands may be en-
tered by the user into the RAM of microcomputer 16 by
various input devices, as for instance the matrix key-
board 18.

A character display 20 provides an indication of the
time-of-day when the oven 12 is not in use and usually
indicates the time remaining in a cooking cycle when it
is in use. The display 20 is repetitively strobed or
scanned by microcomputer 16 to display the relevant
time data.

One or more indicator lights 22 controlled by mi-
crocomputer 16 serve to indicate various functional
states of the control 16 and oven 12.

In accordance with an aspect of the invention, auto-
matic reset command generating circuitry (ARCG) 24
is provided for detecting the failure of a particular antic-
ipated event or function of microcomputer 16, which by
inference indicates that the microcomputer is malfunc-
tioning, and responding with the generation of a reset
command signal which is applied to the power-on-reset
port (POR) of microprocessor 16 to effect a resetting of
the program to an initial point from which a sequence of
initializing operations automatically occur. The signal
or function monitored by the ARCG circuitry 24 may
be, for instance, the display scan signal applied to dis-
play 20.

Referring now to FIG. 2 for a clearer understanding
of the relevant circuitry of the invention, the microcom-
puter 16 illustrated is a PPS-4/1 one-chip microcom-
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puter, series MM 78 manufactured by Rockwell Micro-
electronic Devices, Anaheim, Calif. Additional details
relating to the architecture, capabilities, and program-
ming of the PPS-4/1 microcomputer may be found in a
publication entitled “PPS-4/1 one-chip microcomput-
ers, Series MM77, MM78 systems”, copyrighted in 1977
by Rockwell International Corporation, and program-
ming instructions may be found in an “Assembly Lan-
guage Program Manual” for that same microcomputer
and by that corporation. While the following discussion
references the aforementioned PPS-4/1 device, it will
be understood that the invention is similarly applicable
to other microprocessor or microcomputers, such as the
Intel 8022, National COP Series, Mostek 3870, Texas
Instruments TMS 1000, etc. Moreover, a more detailed
description of a generally similar control scheme for a
microwave oven, absent a consideration of the present
invention, will be found in U.S. Pat. No. 4,011,428 to
Fosnough et al issued Mar. 8, 1977 for Microwave Oven
Timer and Control Circuit, and assigned to the same
assignee as the present invention, which description is
incorporated herein by reference to the extent required
for a better understanding of the control of a micro-
wave oven and consistent with the present invention.

Numerical data and functional commands may be
generated by appropriate actuation of the keys on a
20-key keyboard 18. Keyboard 18 comprises a 4 X35
matrix strobed by the four leads 26 extending thereto
from four of the six output ports DI/o @-5 of microcom-
puter 16. Actuation, by touch of a key or pad on the
keyboard, serves to extend the appropriate value into
microcomputer 16 on the appropriate one of five input
leads 27 connected to input ports PI1-5 of the mi-
crocomputer.

A Start command signal may be manually generated
separately from keyboard 18 and is extended to mi-
crocomputer port P17 for effecting the initiation of a
programmed cooking sequence.

The control signals from microcomputer 16 for the
various appliance loads 14 appear at plug 14’ in FIG. 2,
the actual load devices having been omitted. The MAG
control signal determines whether or not the magnetron
is activated. The EOC control signal activates a buzzer
at the end of a timed cycle of operation. The LATCH
control signal activates and releases a latch mechanism
on the oven door. The AUX control signal activates
both the fan and stirrer in the oven. These control sig-
nals appear on four leads extending from DI/O ports
6-9, A logic *“1” signal at these ports is generally effec-
tive to activate the respective appliance load; however,
when these outputs of microcomputer 16 are allowed to
“float” as in response to a Reset Command, the output
signals are pulled to a logic “0” level through external
impedances (not shown) connected thereto from a logic
“0” potential, i.e. —15 V, thereby inactivating the appli-
ance load.

The character display 20 is comprised of four 7-seg-
ment digit displays MSD, 2MSD, 2LSD and LSD, i..
“most significant” to *‘least significant” digits, for dis-
playing the time of day or the time remaining in a user
programmed oven cycle. The display 20 also inctudes a
separately located 7-segment digit display PWR LVL
for numerically indicating the relative power level at
which the magnetron is operating. Seven leads 30 are
extended to the seven respective segment inputs of
display 20 from seven respective output ports R1/0 1-7
of microcomputer 16. It will be understood that the
value of a digit may have been expressed in a four-bit
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binary coded decimal form by the microcomputer and a
suitable segment decoder (not shown) has translated
that value to a 7-bit form.

In a well known manner, each digit of display 20 is
scanned or strobed is sequence by a strobe or scan pulse
appearing on a respective one of five leads 32 extending
to the respective five digits of the display such that the
appropriate digits are lighted and extinguished in rapid
sequence from one end of the display to the other. The
individual segments of the display digits are preferably
scanned and lighted at a repetition rate of about 50 Hz
or more to avoid flicker detectable by the eye. The scan
rate in the described embodiment is controlled by cer-
tain programmed instructions and thus indirectly by the
internal clock of microcomputer 16. FIG. 3 depicts the
relative timing of the display scan signals applied to
each digit MSD, 2MSD, 2LSD, LSD and PWR LVL.
The time data on the segment leads 30 is of course up-
dated at a rate which corresponds with the display digit
drives.

Six leads from output ports RI/O 1-7 and six more
leads 36 from output ports DI/O §-5 are extended to
eleven respective LED indicator lights for indicating
that the control system status.

Considering now the AC and DC supplies associated
with microcomputer 16 and/or oven 12, one of two
particular voltage levels is applied via line 38 to the
50/60 Hz port to place the computer in either a 50 Hz or
a 60 Hz operating mode, depending on the frequency of
the available AC line power supply. For purposes of
this discussion, it will be assumed that a 60 Hz line
supply exists.

The 60 Hz supply, as derived from the center-tapped
secondary of a transformer (not shown) appears in 90°
phase-shifted relation on terminals 40 and 41 and is
extended to the “+* and “— inputs respectively of a
comparator 42, thereby forming a squaring circuit hav-
ing as its output a squared 60 Hz waveform 43 having a
350% duty cycle. The squared 60 Hz waveform 43 is
extended to gate 44 such that the start of the control
signal for the magnetron bears a particular phase rela-
tion with the 60 Hz AC power supply to the magnetron.
The squared 60 Hz waveform 43 is also extended to a
port INT@ on microcomputer 16, as well as to an input
to NAND gate 45 in ARCG circuitry 24. This “digi-
tized” 60 Hz signal appearing at the INT# port provides
the basis for synchronizing various operations of the
microcomputer 16 therewith, as for instance the various
timing functions.

Referring now to the relatively conventional devel-
opment of a Set (or Reset) Command signal by the
microcomputer-based control system upon the initial
turn-on of power or following a power outage, a source
of unregulated voltage, Vunreg, i.€. about +19 V, (not
shown) is applied to one end of voltage divider com-
prised of resistors 50 and 52, with the other end having
a source of regulated voltage, V e, ie. —15 V (not
shown) applied thereto. The junction of resistors 50 and
52 is connected to the “+” input of a comparator 54 to
establish the voltage for comparison to the Zener diode
56 at “—” input of comparator 54. The unregulated
supply of voltage must go beyond a voltage thereby
predetermined to terminate the Reset Command signal
previously existing. The unregulated voltage is the sup-
ply for the regulator (not shown). The V ¢ from this
regulator is applied to ground and to one end of Zener
diode 56 having its other end connected to the “—”
input of comparator 54 and through resistor 58 to
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ground. The terminal of Zener 56 having V. applied
thereto is also connected to high frequency bypass ca-
pacitor 61 having its opposite terminal connected to
ground. The output 60 of comparator 54 is one state
before Vynreg is sufficient to maintain the Ve supply
and is the other state thereafter, the former state being
operative when and while extended through NAND
gate 62 to provide a Reset Command signal to the POR
port of microcomputer 16. Gate 62 effectively functions
as an OR gate in that either too low an unregulated
voltage indicated by a low signal 60 or a scan monitor
fault signal 76, to be hereinafter described, will cause a
Reset Command signal to appear at POR port and
thereby effect a reset.

When the Reset Command signal terminates, the
program counter automatically begins executing pro-
grammed instructions from the initial ROM address to
which it was set by the Reset Command, those instruc-
tions defining a sequence of initializing operations
which clear data from the RAM and insure that the
microprocessor outputs to the appliance loads are dis-
abled.

In addition to the aforementioned generation of a
Reset Command signal in response to a power-turn-on
condition at the initiation of operation of the system or
following a power interrupt, ARCG circuitry 24 is
provided in accordance with the invention to sense a
malfunctioning of the microprocessor 16 itself, as result-
ing from electrical interference, and to automatically
generate a Reset Command signal. Specifically, one of
the display scan signals normally repetitively appearing
at one of the output ports DI/O@-5 at predetermined,
substantially constant intervals is monitored to deter-
mine whether or not it occurs or recurs within some
measuring or referenced interval at least as long as its
normal recurrence interval. Preferably the display scan
signal monitored is that which appears earliest in the
normal scanning sequence of the digit in 20, that scan
signal being represented by line 64 in FIG. 2. The scan
signal 64 is AC coupled through capacitor 66 to the base
of a transistor switch 68 for driving the normally non-
conducting transistor 68 into conduction in response to
a rising transition in the level of that signal. Such AC
coupling prevents actuation of the transistor solely in
response to a logic level to which the system might fail.

A reference interval time is established by an RC
timing circuit employing timing capacitor 70 and resis-
tor 72. One end of capacitor 70 is connected to V,, and
to the emitter of transistor 68, and the other end is con-
nected to the transistor’s collector and through resistor
72 to ground. The voltage at the junction of capacitor
70 and resistor 72 provides the basis for the generation
of a Reset Command signal and is extended to an input
of NAND gate 45 via line 74. Capacitor 70 may have a
value of about 0.22 mfd and resistor 72 a value of 2
megohm to thereby provide a suitable charging time
constant. As seen on lead 74, capacitor 70 charges
toward a voltage level which may result in or is repre-
sentative of a Reset Command; however, its charging
time constant is selected to be sufficiently long that a
normally occurring scan pulse on lead 64 will switch on
transistor 68 and thereby discharge the capacitor before
it attains that level. Thus, each occurrence of the moni-
tored scanning pulse serves as a reference and initiates a
new timing interval. Normally the scanning pulse will
recur at or near a fixed rate, typically in the frequency
range of 60-100 Hz and the interval range of 16-10
msec, such that the measuring interval should exceed
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that value before generating the Reset Command signal.
An exemplary measuring interval is 400 msec.

Apart from a consideration of the oscillatory gating
afforded by the 60 Hz signal on lead 43 to NAND gate
45 and assuming a scan pulse does not occur to reset
capacitor 70, the voltage on lead 74 will rise to a level
which represents a change in logic state at the input to
the NAND gate 45, which changed logic state effec-
tively represents a Reset Command signal and could be
applied directly to the POR port if of the correct polar-
ity. For polarity correction, occasioned by the type of
logic used, however, that Reset Command signal is
extended from gate 45 to the POR port via lead 76 and
gate 62.

Moreover, to allow the microcomputer 16 to assume
a fully operational status in which display scanning
pulses are again provided following the clearing of
RAM and turn-off of certain outputs during the initial
phase of a reset sequence, it is necessary to discontinue
the logic level of the Reset Command signal applied
through POR port to the program counter for sufficient
time for a scanning pulse to be generated to discharge
capacitor 70. This delay or removal of the Reset Com-
mand is conveniently achieved by gating the passage of
the signal on lead 74 through gate 45 to lead 76 with the
60 Hz square wave on lead 43. Thus, for about 8 msec
of every 16 msec the gate 45 is prevented from passing
any Reset Command signal which might appear at its
other input, thereby affording sufficient time for opera-
tion of microcomputer 16 to be restored if the initial
cause of its disruption has passed and it has not been
damaged.

Because of the instability of the internal clock
(£50%), the timing of certain of the various control
sequences is derived from or synchronized by the 60 Hz
square wave drive from the AC supply. It is therefore
important that the 60 Hz (or 50 Hz, depending on local-
ity) timing reference signal be continuously and accu-
rately provided to microcomputer 16 if the timing func-
tions are to be performed accurately. The interruption
or distortion of this 60 Hz timing reference signal, either
in the external circuitry connected to the INT@ port or
after being received in the microcomputer 16, can give
rise to some of the problems previously mentioned, such
as extending a cooking cycle beyond its intended com-
pletion and thereby burning the oven’s contents. More-
over, interruption of this timing reference signal need
not necessarily interrupt the correct generation of dis-
play scanning pulses, thereby preventing total reliance
on the aforedescribed circuitry to also detect and reset
for loss of the timing reference. Accordingly, an impor-
tant aspect of the invention is the recognition of such
problems in the timing reference signal and the remedial
action taken.

In an effort to prevent the problems which might
result from the loss of the time reference, provision is
made for terminating the various controlled functions,
as for instance, de-energizing the magnetron, in the
event a loss of the time reference is detected. This is
done by monitoring the timing reference signal and
effecting a resetting of the microcomputer 16 if the
timing reference fails to occur or recur within some
measuring interval during which it should have oc-
curred. As previously described, the resetting operation
at least terminates the control which activated the appli-
ance loads and may also restore the system to an operat-
ing state if the fault was only temporary. This monitor-
ing and resetting is preferably effected by the instruc-
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tions programmed in ROM without need to resort to
circuitry external to the microcomputer 16. This has the
advantage of detecting failures in the timing reference
signal which only manifest themselves internally of the
microcomputer. Moreover, this monitoring and reset-
ting function preferably coexists with but is effectively
independent of the ARCG circuitry 24 located exter-
nally of the microcomputer 16, such that a Reset Com-
mand is generated and a reset effected for problems
caused by a loss of timing reference and/or for prob-
lems caused by a loss of microcomputer functionality
independent of the timing reference.

In a preferred embodiment illustrated by the flow
diagrams of FIGS. 4a, 4b and 4c, the detection of a loss
of the timing reference, i.e. the 60 Hz line signal, and its
response of resetting the microcomputer 16 appears in
greater detail. Generally speaking, the squared 60 Hz
line signal is monitored internally of microcomputer 16
to detect the occurrence of each new cycle and if that
signal fails to occur within some predetermined inter-
val, or interval range, longer than the normal interval
for recurrence of that timing signal, a programmed
instruction to reset the microcomputer 16 is called and
the microcomputer is thereby reset and its outputs to
the appliance loads are deactivated.

As previously mentioned, each digit of display 20 is
normally refreshed about 60 times per second by its
respective scan pulse. The instructions which effect
such refresh of the display are monitored and counted
to provide the measuring interval. The scan pulses are
controlled by the on-board timing of the microcom-
puter 16, and thus are subject to the drift which may
occur in that internally generated timing. However,
because these scan pulses are generated by the comput-
er’s internal clock and programming, they are substan-
tially independent of the 60 Hz timing reference from
the line supply except for possible total cessation of
operation of the computer which would be occasioned
if the DC supply thereto is dependent on the AC sup-
ply. Therefore, the display scan provides a convenient
basis from which to derive the measuring interval
against which the 60 Hz timing reference is monitored.

The following is an extract of the program listing for
the program employed with microcomputer 16, which
extract embraces the monitoring of the 60 Hz reference
and the Reset Response occasioned by failure of that
reference. Line number references shown are also used
for reference in FIGS. 4a through 4¢, with the reference
numerals 117 and 196 each appearing in two places in
the figures because the particular microcomputer 16
effects each pair of illustrated functions with single
instructions.

181: Fahdhdd PRIMATIVE SUBROUTINE PAGE

192: REFRSH:

193 P DISPLAY REFRSH ENTRY POINT

194: ;% THIS ROUTINE CONTROLS THE DISPLAY
OF THE DISPLAY IMAGE DATA

195: # THE 6fHZ SYNC LINE 1S MONITORED AND
APPROPRIATE FLAGS SET WHEN A

196: ;*  VALID LINE CYCLE IS DETECTED.

197: i+

198: i* KEYBOARD DATA IS READ AND STORED
INTO THE APPROPRIATE LOCATIONS,

199: i* AND A ‘NO 60 HZ' FAULT COUNTER IS
MAINTAINED BY THIS ROUTINE

11¢:

0N *

12: *

113: *
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-continued -continued
114; 198: LB PIH
115 LB #IH SERVICE 6¢ HZ FAULT 199: LAI 92H
TIMER 209 X ;NO, SET DISPLAY
116: LA 5 POINTER FOR TIME
17 AISK ¢IH INCREMENT 6¢ HZ FAULT OF DAY
TIMER 201:
118: TL POR :NO 69 HZ SIGNAL, RESET 202 *
THE CONTROL 203 *
119: X 68 HZ OK, CONTINUE 204: *
12¢: 10 285:
121: . 296: TL MAIN
122: *
123 .
124: Referring to FIG. 4a, an abbreviated flow chart of
125: RT the Main Program portrays in gross detail the opera-
:;i MAIN MAIN LINE ROUTINE 15 tions relevant to the implementation of the invention.
13:  # THIS CODE DETERMINES WHICH The Mal.n Progl"am 132 progeeds to QO SUB Display
FUNCTION MOST NEEDS SERVICING AND Refresh instruction 137 described hereinafter in greater
135:  ;* THEN SERVICES THAT FUNCTION. detail with reference to FIG. 45. Upon normal comple-
136: tion of the subroutine initiated by instruction 137, a
}g; ™ REFRSH ;NEXT DISPLAY DIGIT display digit will have been refreshed and the Main
139: . Program proceeds to Check Status 139-141 (instruc-
14p: * tions not shown). If the status check indicates that no
:41: * new cycle of the timing reference was detected, the
e sessss AT LEAST ONE LINE CYCLE ELAPSED program performs other control functions according to
144, :* SERVICES ALL OF THEN REAL TIME 25 status requirements (instructions not shown). If the
FUNCTIONS. status check indicates a new cycle of timing reference is
145: LB #3H detected, the program performs instructions 145-147,
::gf ;Al #¢H RESET THE LINE which set the line sync fault count equal to zero. The
’ SYNC FAULT performance of update of timed functions (149) follows
COUNTER 30 (instructions not shown) with the final return to Main
148: Program at instruction 153.
149: . Both paths of interest (“No New Cycle” or “New
::? . Cycle”) return to Main Program 132; and thereby lead
152: to a continuous repetition of Display Refresh 137 and
153: T MAIN ;NEXT MAIN 35 Check Status 139-141. The interval between calls for
FUNCTION successive Display Refresh subroutines is determined
i:’."lf by the internal timing of microcomputer 16 and the
168: number of instructions that are performed between
169: subroutine calls. Where the loop of instructions de-
};f POR ORG  3C@H 40 scribed in FIG. 4a¢ does not match the number of in-
L enes structions that need to be performed in the required
};i o ‘ng?sw E:EO;L}:!CE%E;H%N;‘(}“\;;}? :)lilTRESET interval fqr acceptable display appearance, ad.ditional
HARDWARE STARTS EXECUTION. calls to Display Refresh or additional instructions are
174:  ;* THE TEST ROUTINE BEGINS HERE. inserted as required. The interval between Display Re-
:_7,2 NOPP REQUIRED FOR pro. 4> fresh calls corresponds with the interval between rising
’ bES%OR RECOVERY (or falling) edges of successive digits in the display
177- during a scan of the display, the interval between suc-
178: * cessive digits refreshes being about 1.5 to 2.7 msec, with
179: * about 2.5 msec having been illustrated in FIG. 3. The
}g?_ ' 50 interval between successive Check Status routines must
182 LB #PH be less than the interval for one cycle of the line fre-
183:  CLR: quency, i.e. less than 16 msec for 60 Hz line frequency,
184: ROS ;TURN OUTPUT PORTS and is typically about 2.5 msec which corresponds with
%51(.?1[1‘}' IF B=8 NO a repetition rate of about 400 per second. Thus, the
185: EOB @4H :POINT TO PAGE 4 55 Check Status routine is performed about 6 times per line
186: LAl  ¢¢H frequency cycle.
187: X ¢1H ;CLEAR PAGE 4, Referring to the Check Status routine depicted in
188. POINT TO PAGE 5 FIG. 4a, instructions 139-141 ask whether or not a new
189: . cycle of the monitored timing reference signal (60 Hz
199 * 60 square wave) has occurred. This is accomplished by
191: * logic in the Display Refresh Subroutine which is sensi-
:gif LAI  geH tive to the logic state of the 60 Hz square wave and
194: X #3H .CLEAR PAGE 3, which requires two changes in the logic state to signify
POINT TO PAGE ¢ that a new cycle has begun. If a new cycle has not
195: LAI  peH . 65 begun, the program performs other control functions as
196: XNSK ﬁgkg"éﬁf&ﬁﬁgg required. However, if a new cycle is detected, instruc-
197: T CLR YES, i tions 145-147 set a Line Sync Fault Count to @ and the

DO NEXT COLUMN

instructions suggested at 149 update any and all of the
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time counts which are to be updated by each cycle of
the line frequency. These latter counts typically relate
to the various timing and time-of-day functions of the
control system. Then instruction 153 returns to the
Main Program.

Referring to the Display Refresh subroutine depicted
in more detail in FIG. 4, DS1@2 corresponds with the
instruction 137 of FIG. 4a. Upon entering the subrou-
tine, instructions 115-117 command a Line Sync Fault
Counter to increase its count by 1. Then instruction 17
asks whether or not the count in the Display Scan
Counter exceeds a count of 16. The Line Sync Fault
Counter is a 4-bit register in the random access memory
and an overflow or carry bit from its incrementing
conveniently indicates that a count of 16 has been ex-
ceeded. Under normal circumstances in which the 60
Hz timing reference is being detected, the instructions
145-147 to Set Line Sync fault Counter to § should
occur about once for each six occurrences of the Check
Status routine or about once every 16-18 msec, during
which interval the Line Sync Fault Counter should
have attained a count of about 6-8, but substantially less
than 16. Assuming this normal operation in which the
Line Sync Fault Counter does not exceed 16, (not
shown) instructions 121-123 of the Display Refresh
subroutine are then called to effect display of the next
digit in the display sequence, as by extending appropri-
ate segment data and an appropriate scan pulse to the
particular digit of the display. Then instruction 125
returns to the Main Program.

In the event the Display Scan Count does exceed 16,
thereby signifying that the monitored timing reference
did not recur within the measuring interval and that a
fault therewith probably exists, an instruction 118 to
Reset is issued.

Referring to FIG. 4¢, there is illustrated the flow
chart for the Reset routine. The instruction 118 to reset
the microcomputer 16 commands the initiation of in-
structions beginning at 171. The pointer to the words in
the random access memory and to the output port (col-
umn) is set to zero by instruction 182. Instruction 184
sets the output port designated by Column, to zero. The
instructions 185-195 (not all shown) set the word desig-
nated by Column for each page of memory (the number
of pages differ according to the size of the microcom-
puter) to zero. Column is incremented and tested at 196,
and if not greater than 16 the sequence is repeated for
the next greater Column value by the branch at 197
back to instruction 184. If Column is greater than 16, the
display pointer is initialized at 198-2@@ to point to the
location in RAM of the data for display (in this example,
the time of day). The return to the Main Program is
performed by instruction 206.

Finally the Main Program, represented as beginning
at FIG. 4a, 132 is entered at these initialized conditions
from which new or renewed operation may begin, as by
the user entering time-of-day data and cooking function
data into RAM via keyboard 18. The foregoing turn-off
of outputs and the O-setting of RAM is accomplished by
the programmed direction of control signals to the out-
puts to place them in a floating state and by entering all
0’s into RAM. In the instance of a Reset Command
generated by ARGC 24 and extended to the POR port,
the outputs are turned off and the program pointer is set
to start at 171 directly by a single signal extended con-
currently to each. Removal of the Reset Command
generated by ARGC 24 permits execution of instruc-
tions beginning at 171. From this, it will be appeciated
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that the Reset Command generated externally and the
Reset Instruction generated internally of microcom-
puter 16 have the same effect of terminating outputs,
clearing RAM and initializing certain pointers or count-
ers for renewing operation of the microcomputer from
substantially the same point.

Thus, it will be seen that the described control system
has the capability for responding to a loss of functional-
ity of the microcomputer and/or to a loss of the timing
reference in a manner which at least places the mi-
crocomputer outputs to the appliance loads in a safe
(inactive) state and restores or attempts to restore the
system to an operational status.

Although this invention has been shown and de-
scribed with respect to a preferred embodiment thereof,
it should be understood by those skilled in the art that
various changes and omissions in the form and detail
thereof may be made therein without departing from
the spirit and scope of the invention.

Having thus described a typical embodiment of our
invention that which we claim as new and desire to
secure by Letters Patent of the United States is:

1. In an appliance control system for controlling the
operation of electrical control signal responsive means
associated with an appliance, the control system includ-
ing input means for entering functional electrical com-
mands, electrical signal processing means connected to
the control signal responsive means and receiving input
commands from the input means, the signal processing
means containing a programmed memory for storing
instruction words which define operating sequences for
the control signal responsive means, the signal process-
ing means further including logic means for sequentially
executing the instruction words to provide control sig-
nals to operate the control signal responsive means in
response to commands from the input means, the signal
processing means being programmed to provide at a
location a signal having a voltage level transition nor-
mally occurring within a particular time interval rela-
tive to a certain reference, and the signal processing
means also including means responsive to a reset com-
mand extended thereto for setting the execution of the
programmed instruction words to a predetermined ini-
tial point in the program sequence from which a prede-
termined sequence of initializing operations is automati-
cally initiated, the improvement coniprising:

means automatically responsive to said normally oc-

curring signal transition failing to occur at said
location within said particular time interval rela-
tive to said reference for generating a reset com-
mand signal and extending said reset command
signal to said means for setting the execution of the
programmed instruction words to said initial point,
said reset command generating means comprising a
timing capacitance means and threshold means for
determining said particular time interval, said ca-
pacitance means being charged at a predetermined
rate and being connected to said threshold means
for providing a said reset command signal when
said threshold is exceeded, and means responsive to
said normally-occurring signal transition for dis-
charging said timing capacitance means, said nor-
mally-occurring signal transition recurring at
shorter intervals than the interval for said timing
capacitance means to charge to said threshold.

2. The control system of claim 1 wherein at least one
of said control signal responsive means comprises dis-
play means, said display means normally being repeti-
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tively scanned by a display scan signal normally recur-
ring at predetermined fixed intervals, said display scan
signal being said normally occurring signal.

3. The control system of claim 2 wherein said control
signal responsive means additionally comprises at least
one means for actively controlling operation of the
appliance, said at least one active means having active
and inactive functional states, and said at least one ac-
tive means being placed in said inactive state by said
initializing operations initiated when said program se-
quence is set at said predetermined initial point.

4. A control system of claim 3 wherein said appliance
is a microwave oven and said at least one active means
comprises a source of cooking energy.

5. The control system of claim 1 wherein said signal
processing means comprises an integrally-formed mi-
crocomputer having input and output ports and a reset
port, at least some of said output ports being connected
with said control signal responsive means to extend said
control signals thereto and at least some of said input
ports receiving input commands from said input means,
said location at which said normally occurring signal
transition appears is accessible externally of said mi-
crocomputer and said reset command generating means
is located externally of and is connected to said mi-
crocomputer.

6. The control system of claim § wherein said means
for setting the execution of the programmed instruction
words to said initial point is responsive to a transition in
the level of the reset command extended thereto and
further including gating means for controllably extend-
ing said reset command signal to said means for setting
the execution of the programmed instruction words to
said initial point, said gating means having applied
thereto a periodic signal having a repetition rate which
is directly proportional to the frequency of and is de-
rived from the available AC line power, said gating
means serving to pass said reset command signal only
periodically as determined by said periodic signal and
the duty cycle of said periodic signal being of such
duration that at least a minimum delay exists between
successive reset command signals passed by the gating
means whereby restoration of operation of said signal
processing means may OCCUr.

7. The control system of claim 6 wherein said mem-
ory is a fixed, permanently programmed read-only-
memory.

8. The control system of claim 1 wherein said means
for setting the execution of the programmed instruction
words to said initial point is responsive to a transition in
the level of the reset command extended thereto and
further including gating means for controllably extend-
ing said reset command signal to said means for setting
the execution of the programmed instruction words to
said initial point, said gating means having applied
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thereto a periodic signal having a repetition rate which
is directly proportional to the frequency of and is de-
rived from the available AC line power, said gating
means serving to pass said reset command signal only
periodically as determined by said periodic signal and
the duty cycle of said periodic signal being of such
duration that at least a minimum delay exists between
successive reset command signals passed by the gating
means whereby restoration of operation of said signal
processing means may occur.

9. In an appliance control system for controlling the
operation of electrical control signal responsive means
associated with an appliance, the control system includ-
ing input means for entering functional electrical com-
mands, electrical signal processing means connected to
the control signal responsive means and receiving input
commands from the input means, the signal processing
means containing a programmed memory for storing
instruction words which define operating sequences for
the control signal responsive means, the signal process-
ing means further including logic means for sequentially
executing the instruction words to provide control sig-
nals to operate the control signal responsive means in
response to commands from the input means, the signal
processing means being programmed to provide at a
location a signal having a voltage level transition nor-
mally occurring within a particular time interval rela-
tive to a certain reference, and the signal processing
means also including means responsive to a transition in
the level of a reset command extended thereto for set-
ting the execution of the programmed instruction words
to a predetermined initial point in the program sequence
from which a predetermined sequence of initializing
operations is automatically initiated, the improvement
comprising:

means automatically responsive to said normally oc-

curring signal transition failing to occur at said
location within said particular time interval rela-
tive to said reference for generating a reset com-
mand signal and gating means for controllably
extending said reset command signal to said means
for setting the execution of the programmed in-
struction words to said initial point, said gating
means having applied thereto a periodic signal
having a repetition rate which is directly propor-
tional to the frequency of and is derived from the
available AC line power, said gating means serving
to pass said reset command signal only periodically
as determined by said periodic signal and the duty
cycle of said periodic signal being of such duration
that at least a minimum delay exists between suc-
cessive reset command signals passed by the gating
means whereby restoration of operation of said

signal processing means may occur.
* * * * *



