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157] ABSTRACT

An automatic control system for an automotive vehicle
in use with a microcomputer has a checking system for
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checking an input unit, a ROM, a RAM and an output
unit of the microcomputer. The checking system com-
prises a means which stores various checking programs
to be executed for checking above-mentioned elements
of the microcomputer. The checking system effectively

operates to check the elements without causing expand-
ing of duration of execution of the checking programs.

9 Claims, 19 Drawing Figures
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1

AUTOMATIC CONTROL SYSTEM FOR METHOD
AND APPARATUS FOR CHECKING DEVICES OF
AN AUTOMOTIVE VEHICLE IN USE WITH A
MICROCOMPUTER 5

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue. 10

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to a control
system including a digital computer or microcomputer 13
system being capable of being mounted on an automo-
tive vehicle for controlling various vehicle devices.
More particularly, the present invention relates to a
method and means for checking elements of the control
system, after the control system has been assembled. 20

2. Background of the Invention

As 1s known to those skilled in the art, in recent years,
it has become quite popular to control various vehicle
systems automatically by using a control system includ-
ing a microcomputer unit. The control system is em- 25
ployed in an automotive vehicle for automatically con-
trolling driving of the internal combustion engine, igni-
tion system, exhaust gas recirculation system, fuel injec-
tion system and so on. The control system may be fur-
ther utilized for controlling various vehicle indicators, 30
such as, for example, a navigation meter. Further, the
control system is also used for controlling various vehi-
cle equipment, such as an automatic tuning device for a
radio receiver of vehicle mounted type.

The control system generally comprises a central 35

processing unit (CPU), an input unit, an output unit and
one or more memory units including read-out memory
(ROM) and random accéss memory (RAM). These
clements form a microcomputer for processing data
inputted thereinto for outputting control signals to the 40
various vehicle devices. For performing control opera-
tion, control programs [which] are generally stored in
the ROM and read out and executed in the CPU with
respect to input data inputted through the input unit.
Result of execution of the control program is outputted 45
to vehicle devices to be controlled through an output
unit. In order to satisfactorily control the vehicle de-
vices, correct and accurate function of each element
will naturally be required:

the input unit should input signals and read out accu- 50
rately identical data contained in the input signals:

the RAM should be capable of storing data accu-
rately identical to the data inputted therein and reading
out the stored data which should be identical to the data
inputted; 55

the RAM should be capable of keeping storage as
preset therein and being read out as is; and -

In respect to the output unit, it should be capable of
inputting output data inputted from the CPU and out-
putting the data as is. 60
~ For the purpose of checking the control system and
for preventing the vehicle from serious trouble caused
thereon due to error of the control system and from
accidents, checking of functions of the elements of the
control system will be required. 65

The control circuit of the control system determines
a change in output signals in response to an input signal
or to an elapsed time interval. This function of the con-
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trol system is substantially the same as that of conven-
tional analog control systems. Therefore, as with con-
ventional analog control circuits, it is possible to check
the functions of the control circuit by changing the
input signals, and observing the changes in the output
signals in response to the input changes, and checking
whether a certain relation holds between the observa-
tions. However, for the reasons described below the
time required for such checking is long, and it is not
possible to check all functions perfectly.

(1) It 1s practice in the conventional analog control
circuit to check two extreme values of a function and
assume the continuity of the interval between those
extreme values. Meanwhile, as in the control system
employing a microcomputer therein, binary digital sig-
nals are used, and thus, the signals are not continuous
and have no relationship with one another. Therefore, it
Is impossible to perform checking as in the analog case.
Now consider the relation between the value of input x
and the value of output y in both digital and analog
cases for a simple analog function y=0.5x-1.5. In the
analog case, for such a simple function the method
employing an operational amplifier to give a zero point
and a gain is widely used. In this case, the output is
checked when the input is minimum, and the output is
also checked when the input is maximum. Because the
relation is linear in the analog case, the outputs for all
the other input values are assured. If the circuit mal-
functions one or other of the end values will be in error.
In the digital case, a table look-up is widely used as a
means for providing such a function. In this method,
output data corresponding to input values 0, 1,2 ... is
stored 1n advance, and according to the input value the
corresponding output value is retrieved and output. In
this case, even if the data corresponding to the mini-
mum and maximum output values is correct, the data
corresponding to other input values is not assured. It is
therefore necessary to check the data for all input val-
ues. For this reason, although for conventional analog
circuits it was satisfactory to check two values, for
digital circuits the number of checking points has to be
increased enormously.

(2) Because it is difficult to observe the state of the
signals within the control circuit it is not possible to
make an accurate check. For example, in the type of
case described above where a simple relation holds
directly between the input and output, by increasing the
number of checking points it is possible to make a check
after a fashion, but when the calculation is used at an
intermediate point in the circuit a check is not possible.
In other words, in the analog case, if test terminals are
provided at the input and output points of the circuit, by
measuring the voltages on these terminals it is possible
to make a check, but in the digital case since a single line
1s used to indicate many different signals by time slicing,
fitting test terminals is of no use, and in practice it is not
feasible to detach a single section to test it. Thus the
detatled internal operation of the control circuit cannot
be tested, and an accurate complete check is not possi-
ble. If the circuit is constructed with LSI techniques it
may not even be possible to fit checking terminals.

(3) Because a circuit for an automotive vehicle con-
trol device is required to be resistant to vibration, it is
not possible to construct the circuit using IC sockets
and so forth to mount the elements of the circuit. An IC
socket 1s a device to mount an IC on a printed circuit
board and thus by using IC sockets, it is possible to
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remove the IC from the printed circuit board very sim-
ply. Thus for devices which do not require any resis-
tance to vibration, by using IC sockets, even after the
device is assembled, the ICs can be detached and tested
individually with test equipment, but for control de-
vices for use in an automotive vehicle, resistance to
vibration is extremely important, For this reason IC
sockets, which allow the possibility of unsatisfactory
electrical contact caused by vibration, cannot be used.
Therefore methods involving the separate testing of
elements of the Cll‘Clllt after assembly, are not applica-
ble. -
(4) Control circuits for use in automotive vehicles
require resistance to water and moisture, and therefore
after assembly the surface of the circuit is encased in a
waterproof membrane. Therefore checking devices
such as logic analysers cannot be used. A logic analyser
is a device for observing the movement of many digital
signals on a data bus and so forth, and allows the obser-
vation of the status of the input and output data of the
CPU for example. If a logic analyser is used, the type of
control operation described in (2) above can be mea-
sured and observed to a certain extent, but when the
surface is covered with a waterproof [profective]
protective membrane of silicone or epoxy resin in order
to increase the resistance to water and moisture, such a
checking device cannot be connected, and thus cannot
be used. | | -

For the abgve described reasons, for a control device
for a motor vehicle which performs digital control on a
large scale using for example a microcomputer, testing
after assembly takes a long time, and moreover only an
unsatisfactory check can be made.
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Then, for similar reasons, once the device is handed

over to the user, it is not possible to check whether the
control circuit is correctly carrying out the actual pro-
cesses used in the applicatidn Thus, it 1s not possible to
check for faults when carrying out 1n3pect10n Or Sservic-
ing of the vehicle.

The object of the present invention is to provide a
control device for use in an automotive vehicle which,
in order to overcome the above described defects of
conventional control devices for use in an automotive
vehicle, allows a check program different from the
normal control program to be connected to the control-
ling CPU, and starts the check program when certain
predetermined conditions occur, so that the control
program automatically checks each function of the
control circuit and outputs the results, thus allowing the
functions to be tested simply and in a short time after
the control device is assembled.

SUMMARY OF THE INVENTION

Therefore, it is an object of the present invention to
provide a control system for controlling various auto-
motive vehicle devices having a means for allowing a
check of the functions of each element of the system
even after the system is assembled. @ .

Another object of the present invention is to provide
a checking means capable of being connected to the
control system, which means is operative in response to
specific vehicle driving condition.

A further object of the present invention is to provide
a control system for an automotive vehicle. which is
provided with a function for checking an input unit.

A further object of the present invention is to provide
a control system for an automotive vehicle which is
provided with a function for checking a RAM.

35
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A further object of the present invention is to provide
a control system for an automotive vehicle which is
provided with a function for checking a ROM.

- A further object of the present invention is to provide
a control system for an automotive vehicle which is
provided with a function for checking an output unit.

A still further object of the present invention is to
provide a control system including a control program
having various subroutines for checking the input unit,
the RAM, the ROM and the output unit as mterrupt
subroutines.

A still further object of the present invention is to
provide a method for checking the functions of each
element of the control system, which method is capable
of checking the control system effectively and per-
fectly.

Other objects and advantages sought in the present
invention will become apparent from the description
hereinafter. | -

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully under-
stood from the detailed description given below, and
the accompanying drawings of the preferred embodi-
ment of the present invention, which, however, are not
to be taken as limitative of the present invention in any

way, but are for the purpose of elucidation and explana-
tion only.

In the drawmgs'

FIG. 1 is a schematic block diagram of the general
construction of a control system for an automotive
vehicle, having a mncrocomputer to which a means for
checking the functions in accordance with the present
invention can be applied; |

FIG. 2 is a schematic flowchart of a method of exe-
cuting a checking program for use with the checking
means of the present invention;

FIG. 3 is a schematic flowchart of another method of
executing a checking program for use with the checking
means of the present invention,;

FIG. 4 is a schematic flowchart of a further method

executing a checking program for use with the checkmg
means of the present invention; |

FIG. 5 is a schematic flowchart of an other method of
executing a checking program for use with the checking
means of the present invention;

FIG. 6 is a flowchart of one example of an input unit
checking program in use with the checkmg means ac-
cording to the present invention;

FIG. 7 is a flowchart of one example of a RAM
checking program in use with the checking means ac-

cording to the present invention;

FIG. 8 is a flowchart of a modlficatlon of the RAM
checking program of FIG. 7;

FIG. 9 is a flowchart of another modlﬁcatlon of the
RAM checkmg program of FIG. 7;

"FIG. 10 is a flowchart of one example of a ROM
checking program in use with the checking means ac-
cording to the present invention;

FIG. 11 is a flowchart of one example of a program'
for converting output to pulse-code train;

FIG. 12 shows a waveform of an qutput signal gener-
ated by the program of FIG. 11; |

FIG. 13 is a flowchart of a modiﬁcatlon of the ROM
checking program of FIG. 10; :

FIG. 14 is a flowchart of another' modification of the
ROM checking program of FIG. 10; -
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FIG. 18§ is a flowchart of one example of an output
unit checking program in use with the checking means
according to the present invention;

FIG. 16 is a schematic ﬂlustratlon of one example of

connection between the input unit and the output unit in
case of using the input unit for inputting [datas] data
to the output unit for execution of the output checking
program of FIG. 15;

FIG. 17 is a schematic ﬂowchart of a program for
selectively outputting. the result of the checking; and

FIGS. 18(A) and 18(B) are flowchart of one example
of a checking program having subroutines for checking
the input unit, the ROM and the RAM as mterrupt
subroutine of a vehicle device control program, in

which a.flow line between the checking routines for

RAM and ROM is illustrated in common for preserving
continuity of the ﬂowchart between FIGS. 18 (A) and
18 (B).

DESCRIPTION OF THE PREFERRED
~ EMBODIMENT

Referring now to the drawings, particularly to FIG.
1, there is illustrated a general construction of a pre-
ferred embodiment of a control system employlng a
mlcrccomputer which includes a central processing
unit (CPU), a random access memory (RAM) and one
or more read-only memories (ROM). The control sys-
tem is mounted in an automotive vehicle for controlling
various vehicle devices, such as for example, engine
operation, the fuel injection system, ignition system and
so on. Further, the control system controls various
kinds of meters or indicators provided on the vehicle
‘and also controls vehicle equipment such as a radio
receiver and so on. For performing the control opera-
tions, various sensors or [detector] detectors provide
‘input signals through an input unit to be processed in
the CPU. In FIG. 1, input unit 10 may generally com-
prise, for example, a noise elimination circuit, a shaping
circuit, such as, for example, a waveform shaping filter,
[Lor and] and/or a level convertor. The noise elimina-

checking a noise level contained in the input signal. For
example, such a means for checking a noise level of the
. Input signal may include a discriminator in which the

‘input signal is compared with a reference signal gener-
 ated by a signal generating means provided outside the
system. When the input signal contains noise that may
possibly cause a malfunction in the control system, the
~ input signal is not used to update an input-register from
which input data is taken for controlling the vehicle

h
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40
tion circuit may comprise, for example, a means for

45

30

driving means or other vehicle equipment. Such noise

elimination is frequently necessary in using a sensor
signal from a sparking sensor provided in an ignition
system, for example. Input signals 11, 12, 13 . . . are
inputted to the input unit 10 wherein noise is eliminated,
- the waveforms shaped and the voltage levels, converted
as required. It will be appreciated that the input signals
are of various forms, such as ON-OFF signals, pulse
signals and analog signals. Between the signal sources
and the input unit 10, there will be provided various
convertors for converting various types of signals into
appropriate digital signals; for example, analog-to-digi-
tal convertors, multiplex units and the like. When vari-
ous signals are used, each input signal is inputted in
synchronism with a synchronising signal. Before being
inputted to the input unit 10, the input signals 11, 12, 13
. are converted or encoded into digital signals as
follows |

335

65

6 |
- when the input signal is an ON-OFF signal, the signal
is converted into a digital signal, such as the ON signal
to a logic “1” the OFF signal to a logic “0’%;
when the input signal is a pulse signal, the pulse-fre-
quency is counted with reference to a reference gate

time or a pulse length is measured with reference to

reference pulses to convert the pulse into digital code;
when the input signal is a pulse code signal, the signal
1s converted by means of a pulse-to-code convertor;
when the input signal is an analog signal, the analog
signal is converted by meaas of a analog-digital conver-
tor (A/D convertor). | |
It will be appreciated that the input signal is some-
times inputted as a digital-code signal directly applica-
ble to the digital computing system (microcomputer). In
this case, the input signal will be sent on to the next step
without modification.
The input signals 11, 12, 13 . . . are then storcd in an
input register which is provided in the input unit 10 or
are written and stored in addresses of a RAM 20

through data bus 80. The address of the RAM 20 is

selected or determined by an address signal stored in an
index register of a central processing unit (CPU) 50 and

inputted to the RAM 20 through an address bus 70. The
input signal i1s written in the input register or in the

RAM at specific addresses determined by the address

signial, by means of a synchronizing signal supplied by a
clock signal generator provided outside the control
system. The inputted data written and stored in the
RAM 20, is read out and sent to the CPU 50 for per-
forming control [operation] operations according to a
control program with respect to the data contained
therein. The control program is stored in a ROM 30 and
1s read therefrom on carrying out the control operation
of the CPU 50. A result of the operation of the control
program of the CPU is sent to an output unit 40. The
output unit 40 may include an output register for storing

output data therein, if necessary. Since the output data

is inputted to the output unit 40 in the form of digital
code, the output unit 40 converts the data into ON-OFF
signals, pulse signals, analog signals or pulse-code sig-
nals to provide outputs according to the type of the
control device to be operated by the output signal. The

output data is then amplified to generate output signals

51, 52, 53 . . . Each output signal 51, 52, 53 . . . is then
transmitted to an actuator which operates a control
device for a device to be controlled or to an indicator.
A high frequency oscillation circuit 60 (CLOCK), such
as a crystal oscillator, generates a basic signal; either
this signal, or a signal whose frequency is a submultiple
of the basic signal is used as a clock signal to be mputted
through a control bus 90 to the above-mentioned cir-
cuits, for example, the CPU §0, for controlling same.
Although this is not shown in the drawings, the control

bus 90 1s also connected to a read/write signal genera-

tor.

Although the recently developed microcomputers
are generally constructed as above, there are various
possibilities for the arrangement of components of ele-
ments therein; for example, there may be an element
including the CPU, RAM and OSC as a combined unit,
and further there may be another element including a
ROM, and part of the input and output units. Further,
the combined elements can be varied in the numbers
thereof, or some unnecessary elements, for example, the
input unit or RAM, can be omitted from the system.
Therefore, it should be noted that the present invention
can be applied to various constructions of the control
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system and although a specific construction of the mi-
crocomputer has been disclosed hereinabove, the pres-
ent invention should not be considered as [limitated}
limited to the specific construction of the control sys-
tem. The above-mentioned control system will be also
apphcable for contro]lmg various types of vehicle
equipment mounted in an automotive vehicle; for exam-
ple, an internal combustion engine, transmission, brak-
ing system, radio or indicators. Further, the control
system is applicable, for example for controlling opera-
tions of the ignition system and/or fuel injection system
in response to driving condition.

The ROM 30 holds a control program for control
operation of the CPU 40 stored in the control-data
storage location (ROM;=231) and a checking program
for checking elements of the control system, stored in
the checking data storage location (ROM2=32). The
_storage locations 31 and 32 may be in a position either
combined as one component or separated Into two ar-
eas.

FIG. 1 shows a control system including a microcom-
puter. In FIG. 1, the ROM 30 is composed of two por-
tions ROM; 31 and ROM; 32[;]. The ROM; 32 1s
shown by a broken line to indicate that it may be pro-
vided separately from the control system. For example,
all or part of the checking program and checking data
can be stored in a memory unit provided outside the
system and connected by means of an IC socket or
connector which is releasably connected to the system
in general. For example, the IC socket or connector is
connected with an external ROM provided outside the
system. In such cases the data bus, address bus and
control bus are provided to connect to the IC socket or
connector to the CPU in order to send data stored in the
external ROM to CPU 40. The control system accord-
ing to the present invention can be embodied in any one
of the above-mentioned forms. If the ROM 30, compris-
ing the ROM| 31 and ROM3 32, is included in the mi-
crocomputer system, it will enable the checking opera-
tion to be carried out anywhere and at any time simulta-
neous with running of the control program. Therefore,
‘it is unnecessary to decide whether the checking pro-
gram shall be run. On the other hand, if the ROM 30 is
provided separately from the control system, manufac-
turing cost can be reduced since ROM; 32 1s not re-
quired in the system.

The checking programs are run or executed on the
CPU 40 when the control system is in a predetermtned
state. Some examples of schematic flowcharts will now
be explained with reference to FIGS, 2 to S. In FIG. 2
the checking program is run immediately after switch-
ing to start and before running the control program in
the sequence of the control system. As shown in FIG. 3,
the order of running the checking program and the
control program can be changed from the order shown
in FIG. 2. In FIG. 4, the checking program and the
control program loop together. Therefore, in this case,
the two programs are run alternately. In the above-men-
tioned three examples, when the control program is run,
the checking program is always run before or after
running the control program. In these cases, it is not
necessary to determine whether the checking program
is run before or after the control program is run or
executed, as the checking program is run or executed
automatically so as to simplify operation of the control
system. It is also possible to arrange for the check pro-
gram to be executed when the control input signals are
put into a particular state. In concrete terms, as shown
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in the flowchart in FIG. 5, at an intermediate point in
the control program, a program is executed to read out
the state of the input signals and then check whether the
mput signals are in the particular state. If the signals are
in the particular state, then the check program is exe-
cuted, otherwise the check program is skipped and the
control program is executed again.

As the predetermined particular state, 1t is preferable_
to use a time when the controlled devices are not oper-
ating. For example, in an engine control device, the
amount of control necessary when the engine is station-
ary is extremely small, and therefore the execution time
required for execution of the control program is short.
Therefore even if the check program is executed, the
response of other control devices is not delayed, which
is a desirable feature. Stated alternately, when the re-
sults of the checking program are output, even if they
are output together with the control output, then, if the
engine is stationary, problem-free output of, for exam-
ple, the ignition control signals is assured, and the num-
ber of output circuits can be reduced. Then again, for
similar reasons it is possible to detect that the vehicle is
stationary and then execute the check program. In such
cases it will be satisfactory to take as an input parameter
the period or frequency of pulses from a sensor deter-
mining the engine rotation rate or the vehicle speed, as
for example a rotation pick-up pulse, and check
whether or not the engine revolution rate or vehicle
speed is zero (or extremely close to zero).

There again it is possible to select a predetermined
state which cannot occur in the normal range of opera-
tion of control as the particular state. For example, the
range of engine speeds used in a normal reciprocating
engine is up to about 6000 rpm. Therefore, for example,
the check program may be run by generatmg an input
signal corresponding to an engine speed 1s 9000 rpm or
more. In this case, the check program will not be run in
the range of normal use. When the check is carried out
as described below, check data may be output to the
output circuit and the output state changed, or data
stored in the RAM may be rewritten; thus there are
cases where it is difficult to continue normal control. In
these cases it will be best not to carry out checking
during normal control. When checks are to be carried
out on the control circuit, the operational inputs and
outputs will be detached from the control circuit. Input
SIgnals such as a pulse signal corresponding to the en-
gine rate, will be input from a separate electrical device
for checking purposes. It is straight forward to produce
a high frequency pulse signal electrically, so that the
checking can be executed simply. Now it is also of
advantage for the particular state to input two [state }
states which cannot possibly occur at the same time,
such as two vehicle speeds, high and low temperatures,
or for instance signals indicating that the transmission
gear position switch is in both top and neutral positions.

Now referring to FIG. 6, there is generally illustrated
and explained the running of the checking programs for
checking the input unit 10 of FIG. 1. FIG. 6 shows a
flowchart for running the checking program of the
input unit 10. It should be noted that an input signal to
be processed during running of the checking program is
inputted from a checking signal generating means (not
shown) which is provided outside the control system of
the present invention. Checking of the input signal is
done with respect to input data temporarily stored at an
address in the input register, for example, sequentially
from starting address 1100. The input signals are gener-
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ated and fed from the checking signal generating means
in order adapted to the order of the input data stored in
the input register. After starting the checking program,
in a first processing step 102, the value Ny of a counter
1s reset to 0. As will be understood from the drawings,
hereinafter disclosed is an example in which ten input
data are inputted and stored in the input register in the
input unit 10,

Table I shows the relationship between values Dy of
input data stored in the address register A i, address data
values D3 stored in addresses 1000 to 1009 of the ROM
and reference data values D3 stored in addresses 1100 to
1109 of the ROM, as an example.

TABLE 1
Input Signal ROM ROM
Counter No. A) D1 Address D3 Address Dy
0 1 10 30 1000 10 1100 30
] 2 12 55 1001 12 1101 55
2 3 14 10 1002 14 1102 10
3 4 15 15 1003 15 1103 15
4 S 16 43 1004 16 1104 43
5 6 18 54 1005 I8 1108 54
6 7 20 10 1006 20 1106 10
7 8 24 15 1007 24 1107 25
8 9 26 60 1008 26 1108 60
9 10 28 77 1009 28 1109 77

As seen from Table I, each of the input signal 1 to 10
ts stored in address A (10, 12 . . . 28) of the input regis-
ter or RAM 20. Each input data value Dj contained in
each input signal 1 to 10 is shown in Table 1. In Table I,
the input data values Dy are 30, 55 . . . 77. In addresses
1000 to 1009 of the ROM, are stored address values D>
(10, 12 . . . 28); in the addresses 1100 to 1109 of the
ROM, are stored reference data values D; 30, 85 . ..
77). These values are to be compared with the input
data values D| when the checking program is run. On
the next processing step 104, the address value D»
(=10) stored at address 1000+ N; (=1000) is read out.
Then, the input data D; (=30) stored at the address A
(=10) of the input register of the RAM corresponding
to the read address data D is read out. Thereafter, the
reference data D3 (=30) stored at the address
1100+ N(=1100) is read out in processing step 106.
The input data D and reference data D3 are compared
together in the decision step 108 to decide whether the
input data D; read from the address A of the input
register on the RAM matches will the correspondin g
reference data D3. When the input data D; matches
with the reference data D3, the check program goes to
the next process step 110 where the count number N of
the counter is compared with the number of the last
input data (=9). In other words, in step 110, a check is
made to whether the foregoing checking program has
run to completion in checking the input unit with re-
spect to all of the input data values D;. The check is
made by comparing the count number N with the num-
ber of the last input data namely, 9. In the example
shown in FIG. 6, the sequence steps 104, 106, 108 and
110 of the checking program repeatedly runs until the
count number N of the counter is 9. When the count
number N is less than 9, the checking program returns
to process step 104. Prior to this time, however, the
counter is incremented by one (1) in process step 112.
Namely, after checking of the input unit with respect to
the first input data Dy, and confirming that the read
input data D matches with the reference data D3, the

10

IS

20

25

30

35

45

50

53

65

10
count number Nj is incremented by 1 to repeat steps
104-112 of the checking program. |

Result of checking operation for the input unit is
outputted, when all the input data values Dj read from
the input register or the RAM at the process step 102
match with the reference data values Dj stored in the
ROM and read out in process step 106. In this time,
when the count number Nj of the counter reaches 9, and
therefore determines that all the input data values have
been compared with the reference data Dj correspond-
ing thereto and match with the latter, the checking
program goes to process step 114 where the output
signal indicating that the input unit is operating cor-
rectly (hereafter referred to as the “OK” signal) is gen-
erated and outputted.

The input data value D1 may not always match the
reference data value D3. Such a condition is shown in
the eighth column of Table I in which input data D (15)
stored at address A (24) of the input register or the
RAM and the corresponding reference data D3 (25) do
not match. The difference of the input data Dy and the
reference data D3 will cause a decision at step 108 to go
to process step 116. When the checking program goes
to process step 116, an output signal indicating that the
input unit is malfunctioning or in error (hereafter re-
ferred as the NG signal) is generated and outputted.

As may be apparent from the foregoing descriptions,
according to the preferred embodiment of the present
invention, the reference data Dj referred to as the
checking data for running the checking program is
stored in a ROM. The input data for running the check-
Ing program is compared with the reference data Ds.
For the purpose of checking the input unit, the input
data D is set to the reference data Dj. Therefore, if
each circuit of the input unit operates or functions cor-
rectly, the checking input data D which is stored at an
address Aj of the input register or the RAM and read
therefrom will match with the corresponding reference
data D3 which is stored at the corresponding address of
the ROM and read out therefrom. Since the difference
between the input data D; and the reference data D;
means that the one or some of the circuits of the input
unit are malfunctioning and/or that one or some of
them are damaged, the checking can be carried out by
way of comparing the input data D; and the reference
data Dj3. According to the checking program disclosed
hereinabove, if the difference between the data is de-
tected during running of the checking program, the NG
signal is generated and outputted through the output
unit.

It will be appreciated that when the input data is
contained in the input signal which is in the form of
analog signal or pulse signal, the input data may have
some errors or aberration due to a difference of measur-
ing timing or other known reasons. However, such
difference between the input data and the reference data
will often be in a range in which the difference does not
affect or only slightly affects operation of the control
system for the vehicle or other equipment of the vehi-
cle. Therefore, in such case, it must be determined
whether the input unit is malfunctioning or the unit is
damaged by detecting whether the difference between
the value of the input data D and the value of the corre-
sponding reference data D3 exceeds an allowable range.
There may be known various way for checking
whether the difference between the values of the input
data and the reference data is within the allowable
range. However, in the present invention, the data is
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checked by either including in the checking program
discriminating step to determine an allowable range as
being within a distance A from the reference data or
providing two different reference data one of which
defines the upper limit of the allowable range and the 5
other defines the lower limit thereof. In the latter
checking method, the input data will be compared with
both reference data and checked whether the input data
is lower or higher than the lower and upper limits of the
‘allowable range.

Although in the foregoing example there is shown a
method or flowchart for checking the input unit by way
of checking input signals stored and read from the input
register of the input unit and with reference to each
reference data value stored and read from an address of 15
the ROM, and both of the data values can be stored in
single addresses, input data is not always capable of
-storage in only one address. Input data is sometimes
stored in two or more addresses of the input register or
- the RAM. In such case, the input data might be 2 or 20
more bytes of data. The word byte is used in the present
specification to mean eight binary digits (or bits) of
data. In checking all of such data value, theoretically
two-hundred fifty-six (28) different data values may be
contained in each data byte. Therefore, if a check is 25
made with respect to all the different data values, it will
cause the checking program to run for a considerably
long period. If only one of the different data values is
checked, it will possibly cause overlook of damage of
the mput unit due to occasionally matching the input 30
data and the reference data by sheer chance. Therefore,
for reducing checking period and for probabilistically
avoiding overlook of damage in the input unit, at least
two input data values should be checked during running
of the checking program,; in practice, two or three input 35
data values will be checked. |

Now, we refer to FIGS. 7 to 9, there are illustrated
and disclosed operation for checking the RAM. In ad-
vance to entering into explanation of the preferred em-
bodiment of the present invention for checking the 40
RAM, although it may be well-known to those skilled
in the art, hereinbelow is illustrated the general function
of the RAM. The most important function of a RAM is
to write in and read out a particular value. Therefore a

good method of performing a basic check on a RAM is
to write In and store a particular data value, then read
out the data and check whether the value read out is the

same as the value written in. This method will be [ex-
plain} explained more concretely using FIG. 8. FIG. 8
1s drawn in terms of a microcomputer system (such as
the Motorola MC6802) which uses a 8 X 128 bit RAM,
with [address] addresses from 0 to 127, but the same
process can be carried out with minor modifications for
- different numbers of bits, numbers of bytes, and ad-
dresses. FIG. 8 is a flow chart of a program to check the
RAM.

In the RAM check program, first in block 202 the
data value Nj representing the RAM address is set to 0.
Next, in block 204 a particular data value Dy is written
into the address N2 (=0). Next in block 206, the data
Ds 1s read out from address N3 so as to be compared
with the input data D4 to decide whether both of the
data values Ds and D4 match at step 208. When the data
values Ds, and D4 match, the address data N3 is com-
pared with the last address number (=127) of the RAM
at a step 210. When the result of comparing the address
data N3 and the last address number (= 127) determines
that the address data N is smaller than 127, the check-
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Ing program goes back to the process step 204. At this
time, the address data N3 is incremented by 1 in the
process step 212 to address N2+ 1 to read out the stored
data Dsfrom the address N2+ 1 (=1) of the RAM at the
process step 204. The stored data Ds read from the
address N+ 1 1s compared with the input data Dy, and
it 1s decided whether 1t matches with the latter. As
mentioned above, the checking program runs repeat-
edly until [the result of comparing] the address data
Nz and the last address number 127 are equal; namely, in
the above example, the program is repeated one hun-
dred twenty-eight times and until the value of the ad-
dress data is 127. When address data Nj is equal to the
last address number 127, an “OK” signal is generated in
a process step 214 and is outputted through the output
unit. If some of the stored data Ds is different from the
corresponding input data Dy, a decision that the RAM
operates incorrectly is made. At this time, an “NG”
signal is generated in a process step 216 and is output-
ted[:]. |

As mentioned hereinabove, the RAM can be checked
whether it operates correctly by use of the checking
means of a preferred embodiment of the invention, in
which the above described checking program is stored
in specific addresses of the ROM; 32 of FIG. 1. It
should be understood that, at the start of checking and
before running the checking program, the program will
be read out from the ROM; 32. Further, it must be
noted that, in the above-mentioned example the address
data N2 s cleared or reset to O at starting in the step 202.
If the data values to be checked are stored in different
addresses; for example, the data values are stored in the
RAM at the addresses from 15 to 120, the first address
number 1s written as the address data N3 in the step 202
after clearing the data Nj previously contained therein.
If there are additional values stored in different, and
perhaps a large number of groups of addresses, check-
ing can be performed by repeating the above-mentioned
program with respect to the first address of each group.

While it is possible for checking of the RAM to run
the above-explained checking program to check data
for all the combinations expected, since all the data
values to be inputted and stored are binary numbers
composed of only 1's or ('s, it will be sufficient for
checking the RAM to check whether each bit of the
RAM can be written 1 and 0 and be read out exactly as

written. Therefore in practice, the checking program
will be run to check the RAM with respect to a first and
second data value. The second value data may be the
complement of the first data value. Since both data
value are combinations of 1’s and 0’s, checking with
respect to the first and second data values can cover all
the possible combinations of the data and therefor is
sufficient for checking, the RAM. By this way of check-
ing duration of running the checking program can be
considerably shortened, and the storage are required for
storing the checking program can be reduced to
thereby lessen the capacity of the ROM, 32.

There are various ways in which error can occur in
the input circuit, but the more common of these include
the following cases: a short circuit between adjacent
leads, a break in a lead, or a particular bit in a register
staying at O or 1. In the short circuit case, adjacent bits
in a register have the same values all the time (so-called
horizontal short circuit). In the two latter cases, the
value of a particular bit in a register never changes.

To detect the fault caused by the abovementioned
horizontal short circuit case, data may be loaded into a
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register in a pattern of repeated binary 01’s or 10’s, so
that adjacent bits do not have the same value. Upon
read-out, if two adjacent bits have the same value, a
short circuit is indicated. | |
- Next, a method of checking for the other cases, is to
first check with one set of data, and then to recheck
~ with new data in which every bit is reversed, from 0 to
1 and vice versa, from the first set of data, checking that
the operation is correct with both sets of data.

To carry out these two tests at the same time, a first
check may be made with an input in which the first
standard data 1s 01010101, and a second check in an
input state in which the second standard data is
10101010.

When the number of input signals is high, if the data
(D2) showing the address of the input and the standard
data (ID3) are separate for each of the input signals, the
amount of data involved is very large, and the program
size 1s increased. In cases like this, if the input signal data
addresses are arranged to be consecutive, the first and
last addresses of the data can be stored, and the check
can be made by incrementing the address progresswely
through the data to the last address. If this is done the
amount of data (D2) indicating addresses is decreased,
and the ROM for the check program can advanta-
geously be made smaller. Further, if the standard data
uses the two patterns described above (viz. 01010101
and 10101010) there is not only the above described
benefit of using these patterns, but also the ROM may
advantageously be made smaller. In cases where 1 byte
data items and 2 or 3 byte data items are mixed, the size
of the ROM may be decreased by, instead of attaching

to each data item a data determining the number of

bytes in that particular data item, collecting together

14

In case where the addresses of the input circuit regis-
ters are not consecutive or data items with the same

. number of bytes are not or cannot be arranged consecu-
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‘bytes and determining the number of bytes per items
from the first and last address of the data.

When register addresses are made consecutive, and
when the registers are physically adjacent, there is the
possibility of a short circuit between registers. In this
case the same bits in adjacent registers may be short
circuited (so-called vertical short circuit), or adjacent
bits in adjacent registers may be short circuited (so-
called diagonal short circuit). These types of short cir-
cuit will happen only very rarely, but in cases where an
extremely high level of reliability is required, it will be
desirable to add procedures to check for them. In prac-
tice this will be done as follows. |

First check the first address supposing that the ad-
dress 1s even) with the first data wvalue 00000000.
(Choose an input state such that the input data naturally
takes such a value.) Check the next address (an odd
address) with the second data value 11111111. From
there on, alternate the first and second data values in
even and odd addresses. When this is done, in the verti-
cal direction (i.e. between registers) the data bits will be
aligned in a pattern of alternating O0’s and 1’s, and a
vertical short circuit can be determined. Furthermore,
in the diagonal direction the bits also alternate between
0 and 1, so that diagonal short circuits can also be de-
tected. |

If it is desired to check for a horizontal short at the
same time as a vertical short, this can be done by check-
ing using a first data value 01010101 in even addresses
and a second data value 10101010 in odd addresses
alternately.If this is done 0’s and 1’s alternate in both

horizontal and vertical directions so that short circuits
can be detected.

tively, then the input data may be organized in the man-
ner described above, rearrranged, and stored in a RAM;
the data can then be checked in the RAM. In this case
it will also form a partial check of the RAM.

In the meanwhile, as another function of the RAM it
will be also essential to keep data written therein for a
long period exactly as is. Therefore, when the RAM is
checked, it 1s preferable to provide a sufficient time lag
between writing data and reading out the same. There-
fore, upon running or executing the checking program,
the time lag may be provided between the steps 204 and
206. This can be performed by a delaying process step
interposed between the steps 204 and 206. However,
this may expand the duration of running the program
and waste time; therefore, preferably the program will
be arranged to contain a job in step 204 such as writing
all of the required input data in sequence and then mov-
ing to step 206. By this, for the first data written in the
RAM at first, there can be provided a time lag. If the
time lag thus provided is insufficient, the abovemen-
tioned step can be interposed between the steps 204 and
206. In this case, the time lag to be provided by the step
as a job is shorter than that required in the above exam-
ple and will comparably decrease wasting of time.

Referring to FIG. 8, there is illustrated a flowchart
which shows in detail the execution of the checking
program in use with the checking means in accordance
with the preferred embodiment of the invention. It
should be noted that hereinafter described in an execu-

tion of the checking program in use with the Motorola

Model No. MC 6802. However, the specific microcom-
puter system is used as an example for making a detailed
description of the preferred embodiment of the present
invention, and it should not considered limitative
thereof. The present invention is applicable to all other

microcomputer systems which can operate as sought in
the invention. In the Motorola Model No. MC 6802,

- there is provided eight bits of RAM at addresses 0 to
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127. Further, at addresses 1200 to 1203 there are respec-

tively stored reference data values 01010101, 10101010

00000000 and 11111111,

- The checking program is started from START. At
first, in process step 220, data N3 counting the running
phase of the program is cleared or reset to 0. The data
Njis stored in an index-register (B-register) of the CPU,
for example. In process step 222, an address data Ny is
cleared or reset to 0. The address data Ng may be also
stored in an index-register of the CPU, for example. In
process step 224, reference data Dyg stored in address
1200 X N3 (=1200) is read out and is written in address
N4 (=0). On a process step 226, the address data is
incremented by 1. In process step 228, complement data
D7 of the reference data Dg1s written in address Ng4. In
step 230, the address data N4 is compared with the last
address number (= 127). If the value of the address data
is smaller than that of the last address data, then the
program will go back to step 224. At this time, the
address data N4 is incremented by 1 in process step 232.
In other words, since the reference data Dgstored in the
address 1200+ N3 (=0)(=1200) 1s 01010101, the com-
plement data D71s 10101010. As will be apparent from
the flowchart of FIG. 9, since the beginning address is
0 and the address N4 1s gradually increased in steps 226
and 232, the value N4 in the step 224 is even and that on
the step 228 is odd. Therefore, by this series of execu-
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tion of the program in the addresses 0 to 127 of the
RAM, the reference data D¢ (=01010101) is stored in
each even address and the complement data D7
(=10101010) of the reference data Dg is stored in each

odd address. When the address data N4 reaches 127 and -

is equal to the last address number, the program goes to
the next process step 234. At step 234, the address data,
which is 127, is cleared and reset to 0, again. In step 236,
the stored data Dg (=01010101) stored in the address
N4 and the reference data D¢ (=01010101) are read out
and compared together If the data Dg is different from
the data Ds, a Jump instruction to executed process step
238 is generated in step 236. In step 238, the NG signal
is generated and forwarded to be outputted. When the
data values Dg and Dg are matched in step 236, the
program proceeds to next process step 240. In step 240,

the address data Ngis incremented by 1. In step 242, the
-stored data Dg(=10101010) stored in the address N4 1
and the reference data D7(= 10101010) are read out and
- compared together If the data Dyg is different from the
data D17, a jump instruction to jump the program to the
process step 238 is generated. In step 238, NG signal to
be outputted is generated. When the data values Dgand
D7 match, the program goes to step 244. In step 244, the
address data N4 is compared with the last address num-
ber (=127). When the value of data N4 is less than 127,
the program goes back to step 236. At this time, the
address number N4 is incremented 1 on a process step
246. Execution of the program in the series of steps 236
to 244 is repeated until the address number reaches 127.

When the address data Ngis 127, in step 244 the value of

address data N4 matches or exceeds the last address
number (=127), and the program goes to step 248. In
step 248, the phase count data N3 is read out from the
B-register of the RAM and is compared with the last
~ phase count number (=3). When N3 is less than 3, the
program goes back to step 222. At this time, the data
N3 is incremented by 1 on the process step 250. Then,
the checking program is run or executed to check the
function of the RAM with respect to the reference data
10101010 stored in the address 1201 and the comple-
ment data thereof. In the same manner, the checking
program is further run and executed with respect to the
reference data 00000000 and 11111111 respectively
stored in the addresses 1202 and 1203 and the comple-
ment data thereof. |

When the phase count data N3 reaches 3 and matches
the last phase count number (=3) in step 248, the check-
ing program goes to process step 252 in which an OK
signal is generated and forwarded to be outputted.
Then, the checking program for checking the function
of the RAM reaches the final step END. During run-
ning or executing the above-mentioned checking pro-
gram, writing and reading data, performing the comple-
ment operation and the comparing operation is carried
out by the A-register of the CPU, for example. The
following Table II shows data written in addresses 0 to
9 of the RAM during each phase.

TABLE 11
address phase N3 =0 N3 =1 N3 = 2 N3 =3
0 01010101 10101010 00000000 11111111
1 10101010 01010101 1111111 00000000
2 01010101 10101010 00000000 11tili11
3 10101010 01010101 11111111 00000000
4 01010101 10101010 00000000 1i11§111
5 10101010 01010101 11111111 00000000
6 01010101 10101010 00000000 11i11t11
7 10101010 01010101 111111111 00000000

10

15

20

23

35

45

50

55

65

16
TABLE Il-continued
address phase N3 =0 N3y=1 N3 =2 Ny=1
8 01010101 10101010 00000000 1111111}
9 10101010 01010101 11111111 00000000

As will be understood from the above Table 11,

during the first and second phases; i.e. during the
phases in which the phase count, N3is O or 1, all the bits
of the RAM can be checked as to whether each bit can
be written with input data and read out without change;

during the third and fourth phases i.e. during the
phases in which the phase count is 2 or 3, all the bits of
the RAM can be checked as to whether each bit can be
written with input data and read out without change;

during phase 0, shorting between the same bits in
adjacent addresses and adjacent bits in the same address
can be checked;

during phase 1, shorting between the same bits in
adjacent addresses and adjacent bits 1n the same address
can be checked,; |

during phase 2, shorting between one bit in an address
and adjacent bits to the left and right in adjacent ad-
dresses can be checked; and

during phase 3, the same checking operation can be
made as in phase 2. By this, it will be appreciated that
the checking program need not be executed for all the
phases. Namely, for checking all the function of the
o RAM, it may be sufficient to execute the program for
phases 0, 1 and 2, for example, it should be further ap-
preciated that the above-explained flowchart in FIG. 8
can be applied to check the input unit without changing
the chart except for the steps 222 to 232. If the flow-
chart of FIG. 8 is applied to check the input unit, the
steps 222 to 232 will be omitted from the chart.

As mentioned above, the checking program as shown
in FIG. 9 can perform checking of the functions of the
RAM. However, in this way, the data previously stored
in the RAM to be checked will necessarily be cleared or
rewritten during execution of the checking program. In
order to execute the control program, all of the data,
some of which was previously stored and cleared dur-
ing running of the checking program, should be re-writ-
ten into the RAM after finishing the checking opera-
tion. This causes a waste of time due to writing of the
data. If the data stored in the RAM is a history, for
example, which can not be restored, it will be 1impossi-
ble to run or execute the checking program without
losing some data. Therefore, it is recommendable that
the necessary data is restored in other storage means
such as, for example, in a temporary memory. How-
ever, if the control system is provided with the tempo-
rary memory, the RAM memory must be provided with
a capacity twice that required for carrying out control
operations. Otherwise, for restoring the necessary and
important data in the RAM, there will be required an-
other RAM connected to the former. Fof eliminating
such a difficulty and drawback in the former flowchart,
there is shown another flowchart of checking a pro-
gram which can solve the above-mentioned problems,
in FIG. 8. In the flowchart shown in FIG. 9, the ad-
dresses of the RAM 0 to 127 are divided into sixteen
blocks, i.e. block Nos. 0 to 15. Each block is checked in
sequence after finishing the check of the previous block.
Upon executing the checking program for one of the
blocks, data stored in the block is transferred and stored
in the previous block to maintain the storage.
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As shown in FIG. 9, immediately after START of
executing the checking program, an address data No is
cleared and reset to 0 in process step 260. It should be
noted that, in this chart, the address data Ng indicates
not individual addresses but the blocks of addresses 5
previously divided. In step 262, the address data Ny is
compared with the last block number 15. When the
value of the address data Ny is smaller than 15, the
program proceeds to process step 264. In steps 264 and
266, the data stored in each address is read out and 10
checked in order by way of comparing the data with the
reference data. The manner of checking in step 264 is
substantially the same as illustrated in FIGS. 7 and 8.
When the data stored and read out from each address of
the block is matched with the corresponding reference 15
data, the step of the checking program goes to a process
step 268. In step 268, the data stored in the next block
Nog+1 1s transferred and stored in the block Ng. There-
after, the address data Ng is incremented by 1 in process
step 270. Then, the program goes back to step 262. The 20
series of steps 262 to 260 are repeatedly carried out until
the address data reaches 16.. When the address data No
1s 16 in step 262, the value of the address data Ny ex-
ceeds the last block number 15, and the program step
goes to process step 272. In step 272, an OK signal is 25
generated and transmitted to be outputted, and Ng is
decremented by one. Then, in step 274, the address data
Ny is compared with the first block number 0. When the
address data Ng is larger than 0, the program goes to
process step 276. In step 276, the data stored in the 30
block Ng—1 is transferred and stored in the block Na.
Thereafter, the address data Ng is decremented by 1 on
a process step 278. Then, the step goes back to the step
274. The series of steps 274 to 278 will be repeated until
the address data Ng and the first block number 0 match. 35
If the result of checking in step 264 determines an error
In step 266, the program goes to a process step 280. In
step 280, an NG signal is generated and transmitted to
be outputted. Thereafter, in step 274, the address data
Ny 1s compared with the first block number 0. When the 40
address data Ny is larger than 0, the program step goes
to a process step 276. In step 276, the data stored in the
block Ng—1 is transferred and stored in the block No.
Thereafter, the address data Ny is decreased by 1 in
process step 278. Then, the program goes back to the 45
step 274. The series of steps 274 to 278 will be repeated
until the address data Ng and the first block number 0
match. Thereby, the functions of all the addresses of the
RAM can be checked, and the previously stored data
may be maintained except the data in the block 0. Thus, 50
only unimportant data should be stored in block 0.

Now referring to FIG. 10, there is shown a flowchart
of a checking program for, checking functions of the
ROM. Since the function of the ROM is to store pro-
grams to be run in the CPU and data for running the 55
program in the form of a binary code or decimal repre-
sentation, the checking is carried out by reading out the
data stored in the ROM and comparing the data read
with the data which should be stored in the addresses.
Therefore, the checking may be performed, in practice, 60
by comparing the data read with the reference data.
The control program and the data thereof will be stored
in the ROM; 31 of FIG. 1, and the checking program
and the reference data will be stored in the ROM, 32 of
F1G. 1. For performing checking of the function of the 65
ROM, the stored data in each address of the ROM; 31
s read out in order and compared with corresponding
reference data stored in corresponding addresses of the
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ROM; 32. When ROM; 31 is functioning correctly, the
data read therefrom should match with the correspond-
ing reference data. By the above method of checking,
the function of the ROM; 31 can be checked. However,
in such a process, ROM3 32 is required to have at least
the same capacity as the ROM; 31. If the ROM> 32 is
contained in the control system as a component, it nec-
essarily increases the size of the ROM 30 of FIG. 1
comprising ROM; 31 and the ROM; 32. This may also
cause an increase of the cost of the system. For avoiding
such a drawback, it is preferable to perform checking
the function of the ROM in use with a ROM and arith-
metic unit provided outside the system. It will be appre-
ciated that, if necessary, the CPU in the system can be
used as an arithmetic unit for performing the checking
operation. However, there is disclosed hereinafter an
example of the use of a ROM and arithmetic unit pro-
vided outside the system. In this case, the data stored in
the ROM of the system is read out therefrom and out-
putted to the arithmetic unit. At the same time, corre-
sponding reference data is read from the ROM outside
the system. The arithmetic unit operates to compare the
data to see if they match. By this, only a program for
reading out the stored data from the ROM of the system
and outputting the same is required in the control sys-
tem for checking the function of the ROM therein.
Thereby, the control system can be reduced in size and
cost. FIG. 10 is a flowchart of a program for reading
and outputting the data stored in the ROM of the sys-
tem. It should be noted that hereinafter disclosed is an
example of a case in which the data is stored in ad-
dresses 1000 to 3999” of the ROM. Immediately after
the START of the program, an address data N5 which
is generally stored in an index-register of the CPU, is set
to 1000 in process step 302. |

In the next process step 304, data Dg stored in the
address N5 (= 1000) of the ROM is read out. The data
Dg read is outputted through the output unit of the
system, which method of output will be illustrated later,
In a process step 306. Then, the address data is com-
pared with the last address number (=3999) in a step
308. When the value of the address data Ns is less than
the last address, control goes to process step 310. In step
310, the address data Ns is incremented by 1. Then
control returns to process step 304 wherein the data D¢
stored in the address Ns+ 1 of the ROM is read out. By
repeating the above-mentioned series of steps 304 to
310, the function of all the addresses 1000 to 3999 of the
ROM can be checked in order. When the address data
Ns reaches 3999 which matches with the last address
number, the step 308 makes a decision that the checking
program has run fully and finishes the job. The data
read out and outputted is checked by comparing with
the reference data corresponding thereto which is
stored in the ROM provided outside the control system.
It will be understood that the checking program is run
in the arithmetic unit to which the data read from the
ROM of the system and the reference data read from
the ROM for checking are transferred and in which the
comparison operation is carried out with respect to both
data.

Now we explain a method for outputting the data
from the control system. For outputting the data, there
are provided a plurality of output terminals, the number
of terminals corresponding to the number of data. It will
be preferable that, since the outputting of the data is
made by way of time sharing, the clock-pulse normally
applied to the control system is outputted to the arith-
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metic unit for controlling the later in synchronism with
the control system. This may result in eliminating the
time lag between the operations of the control system
and the arithmetic unit. This i1s also advantageous in
making the checking operation accurate. Although the
above-mentioned output system is preferable from the
point of view of accuracy of checking result, it has the
disadvantage that it requires a large number of output
terminals in the control system. For avoiding and elimi-
nating such a drawback or disadvantage, it will be prac-
tical to modulate the form of output data by pulse code
modulation and to perform a parallel-serial conversion
on the output data. By this, an output signal consisting
of several bits, for example eight bits, of data can be

10

outputted by one output line. Thereby, the number of 15

output terminals provided on the control system can be
considerably reduced. Further, by reducing the output

-terminals, it will be possible to increase durability of

checking.

Hereafter disclosed is an example actually applicable
to the control system of the present invention. In this
example, for converting the parallel data to the serial
data, there is employed a parallel-serial convertor, such
as, for example, Motorola Model No. 6850 or Motorola
Model No. 6852. The output data from the CPU is
inputted and written in the parallel-serial convertor and
is converted into a sertal pulse code train. It is apparent
that, in recent years, there have been developed mi-
crocomputer systems incorporating such paraliel-sernial
converters, and if such a microcomputer is used, a fur-
ther converter is unnecessary.

Although the above-mentioned output method can
simplify the construction of the output circuit, it may
increase the cost thereof. In view of the cost, it will be
preferable to convert the parallel code data to serial
code data without using a parallel-serial convertor.
FIG. 11 shows a way of converting the output data
from the CPU into a parallel code or pulse code train,.
It should be noted that in FIG. 11 there is shown a

FIG. 10 and in this step eight bits of data are converted

from parallel code to serial code. After the START of

the program, first the output is cleared to the value 0 in
step 320. It should be noted that, in this program, a
start-bit signal and stop-bit signal are generated and
outputted to the arithmetic unit so as to start and stop
execution of the program. The start-bit signal is gener-
ated by clearing the output from the value 1 to 0 and the
stop-bit signal is generated by setting the output value
to 1. Thus, when the output value is cleared from the
value 1 to 0 and the arithmetic unit detects the start-bit
signal, the program 1is started. After starting the arith-
metic unit, the execution of the program is delayed in
process step 322 by a period t; in order to adjust the
interval for modulating the output data to a constant.
This delay will be carried out by repeatedly executing
NO OPERATION instructions or executing a looping
program, which may have no meaning, for the required
period. Thereafter, in process step 324, phase count Ng
is cleared to 0. In process step 326, the least significant
bit of data Dy is outputted to the arithmetic unit. In
process step 328, the contents of Dy are shifted one bit
to the right, so that the bit above the least significant bit
becomes the next bit to be outputted. After the opera-
tion of the step 328, a delay time t; is provided by pro-
cess step 330. The method for providing the delay time
t21s substantially the same as that explained with respect
to step 322. After expiration of the delay time t;, the
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phase count Ng is incremented by 1 in process step 332.
Then data Ngis compared with 8 in step 334. When the
value of Ngis less than 8, the program goes back to step
326 to repeatedly execute the series of steps 326 to 334.
The series of operation may be repeated until the value
of the phase count Ng reaches or exceeds the value 8 in
step 334. Actually, in the above disclosed example, the
series of operation is repeated eight times. When a deci-
sion that the data Ng¢ is equal to or more than 8, control
goes to process step 336 in which the stop bit signal is
outputted to the arithmetic unit. After expiration of a
delay time t3 provided by a process step 338, the pro-
gram reaches END. The delay time tj is provided for
the purpose of waiting for the arithmetic unit to finish
the checking operation. Therefore, if the checking op-
eration by the arithmetic unit can be finished in a sub-
stantially short period, step 338 is unnecessary and can
be omitted.

It should be noted that, although in the specific flow-
chart the program for converting the parallel code to
the serial code is disclosed hereabove, it can be embod-
ied otherwise; for example, the decision step 334 can be
arranged between the process steps 326 and 328. In this
case, the phase count N¢ is compared with the value 7.

As a result of the above-explained parallel-serial con-
version, a serial code, as shown in FIG. 12 as an exam-
ple, can be outputted. In FIG. 12, is shown a waveform
of the output signal having a value 01110101.

As the addresses of the ROM to be checked by the
foregoing checking program may be previously decided
before executing the program and as the data stored in
each address is outputted in sequence, the address from
which the data is outputted can be determined by count-
ing the start bits outputted to the arithmetic unit. How-
ever, it will be preferable to output the address data N
together with the stored data Dyg. In practice, the ad-
dress data Ns and the stored data Dy will be outputted
alternately. This may provide advantages and conve-

~ nience for detecting the addres from which the stored
process step corresponding to the process step 306 of 40

45

50
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data Dg is outputted. Further, the counting element for
counting the start bit from the arithmetic unit may be
omitted so as to simplify the unit and to increase the
durability thereof. | |

It should be clearly understood, that the above men-
tioned method for converting the parallel code to serial
code can be applied to an output element for outputting
the result of checking with respect to other units or
elements for example, the input unit, or RAM.

Although the hereabove disclosed method can check
the function of the ROM with respect to all the data
stored therein, and further 1s advantageous to detect
what data is in error, it takes a substantially long time to
run the checking program both in the control system
outputting all the data stored in the ROM and in the
arithmetic unit carrying out the checking operation.
For avoiding such drawback and disadvantages in the
foregoing example, there is provided another method
for checking the function of the ROM in use with the
checking means in accordance with the preferred em-
bodiment of the present invention. The other method
will be disclosed hereinafter with reference to FIGS. 13
and 14. It should be noted that, for performing the here-

- after explained checking method, there are two ways,

65

one of which ts calculating the sum of the value of all
the data by an arithmetic operation and the other way 1s
calculating the logical sum of the data by a logical oper-
ation. First, there ts disclosed a method for checking the
function of the ROM by way of calculating the arithme-
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tic sum. FIG. 13 shows a flowchart of a program for
checking the function of the ROM by calculating the
arithmetic sum of all the data stored in the ROM. Imme-
diately after the START of the program, a register A,
which maybe an A-register of the CPU and in which
the arithmetic sum of the data is to be stored, is cleared
to 0 in process step 340. Thereafter, in process step 342,
an address data Ns is set to the value of the first address
of the ROM. In this example, the ROM has addresses
1000 to 3999. Therefore, the address data Ns is first set
to 10600. In process step 344, the data Dy stored in the
address Ns (=1000) is read out. The read data Nj is
added to the value in the register A in process step 346.
Thereafter, in decision step 348, the address data N
(=1000) is compared with the final address number
(=3999). When the value of the address data Ns is less
than 3999, the program goes back to process step 344.
At this time, the address data Nsis incremented by 1 in
process step 350. Thereby, in a next series of steps 344 to
348, the data stored in address Ns+-1 (= 1000) is added
to the register A. The series of steps 344 to 348 is re-
peated until the address data Ns reaches 3999. There-
fore, in this example, the series of steps 344 to 348 is
repeated four thousand times. When the step 348 de-
cides that the address data Ns has reached 3999, then the
program goes to a decision step 352. In step 352, the
data stored in the register A, which is the arithmetic
sum of all the data values Dy, is read out and compared
with a reference data values Djyg. If the data values
match, an OK signal is generated and outputted in pro-
cess step 354. If the data values are different, an NG
signal is generated and outputted in process step 356. It
should be appreciated as a matter of course that the
value of the reference data D19 will be previously preset
to the arithmetic sum of the data values Dy. It is natural
that when a large number of data values are added, the
number of digits in the arithmetic sum will be high. Of
course it is possible to check the function of the ROM
by comparing all digits of the sum with the reference
data D1jo. In this case, the reference data Dg must have
the same number of digits as the sum. However, it will
be preferable to check the sum with reference to the
reference data D19 by comparing only some of the least
significant digits with the corresponding digits of the
reference data. For example, if eight bit of data values
are added and if one or more values are in error, the
difference between the sum and the reference data will
become apparent by comparing the least significant bits
of each byte. Therefore, the checking of the ROM cam
be performed by comparing the least significant bits of
the sum and the reference data Djg. In the practical
manner, when each data is added to the register A and
when a column carry is made, the carried column can
be omitted and merely the least significant bits of data
must be stored in the register A. It will further be pref-
erable to arrange the data to be added ito the arithmetic
sum so that the value of the least significant bits of data,
if there is no error is a predetermined value, for exam-
ple, 00000000 or 01010101. This will also make it possi-
ble to check shorting between adjacent bits of register
A.

Now we explain another method of checking the
ROM by use of a sum of the data stored in the ROM, in
which the exclusive logical sum is compared with the
corresponding reference data Dyo. In practice, the ex-
clusive logical sum can be calculated by an exclusive
logical sum operation in process step 346 of FIG. 13 in
which the data Dy stored in the address Ns is added to

10

15

20

25

30

35

40

45

50

35

63

22

the register A. This means, in other words, checking the
parity of the data. Of course the parity of the reference
data should correspond to the parity of the data values.
Further, if desired, a data value to adjust the parity may
be used merely for the purpose of checking so that the
exclusive logical sum is a predetermined value. It will
be also possible to check the function of the ROM by
checking the exclusive logical sum of all the data Ds
with reference to the reference data Djg. This means a
parity check being made with respect to the sum of data
Dyg. FIG. 14 shows a flowchart for runmng the check-
ing program. Immediate after START, in process step
360, register A is reset to 0. Then, in process step 362,

the address data Ns is set to the first address (= 1000) to
be checked. It should be noted also in this example, that
the data stored in addresses 1000 to 3999 is checked. In
process step 364, a count Ng with respect to each data
Do, 1s reset to 0. In process step 368, data Dg stored in
address Nsof the ROM is read out. First, in step 370, the
exclusive logical sum of the data D¢ and register A is
formed, and stored back in register A. Thus the exclu-
stve logical sum of the 20 bit of register A and the 29 bit
of the data Dy is stored in register A. Next, in decision
step 372, the count Ng is compared with the number of
the most significant bit (=7) to check whether the all
bits of data Dg have been operated on in the exclusive
logical sum with the 20 bit of the register A. When the
value of the count Ng is less than 7, the program goes
back to step 370. At this time, in process step 374, the
count Ng is incremented by 1 and in a process step 376,

the data Dy is shifted one bit to the right. The series of
steps 370 to 376 1s repeated until the count Ng reaches 7.
Namely the series of steps 370 to 376 is repeated eight
times. Thus all bits of the data D9 from 29 to 27 are
operated on to calculate the exclusive logical sum with
the least significant bit 20 of the register A. When a
decision that the count Ng is equal to or more than 7 is
made, the program goes to a decision step 378. In step
378, the address data Ns (= 1000) is compared with the
last address number (=3999) to check whether the data
of all the addresses of the ROM has been operated on.
When the value of the address data Nsis less than 3999,
the program goes back to step 364. At this time, in
process step 380, the address data N5 is incremented by
1. Next, the series of program steps 370 to 374 is exe-
cuted with respect to the data Dy of the address N5+ 1

(=1001). The series of steps 364 to 380 including the
series of steps 370 to 376 is repeated until the value of
the address data N is 3999; i.e. the series of steps 364 to
380 is repeated four thousand times. When the address
data Ns reaches 3999 and a decision that the address
data Ns1s equal to or more than 3999 on the step 378 in
made, the program goes to a decision step 382. In step
382, the value of the least significant bit of the register
A is checked. In the example shown in FIG. 14, if the
function of the ROM is correct, the value will be 1.
Therefore, when the value of the least significant bit of
the register A is 1, the program goes to a process step
384 to generate and forward to output an OK signal. On
the other hand, if the value of the least significant bit of
the register is 0, the program goes to a process step 386
to generate and forward to output an NG signal.

Thereby, the parity of the data stored in the ROM can
be checked.

As another method, a parity chek can be made by
calculating eight separate exclusive logical sums in each
of which the bit is shifted one bit to the left with respect
to the bit of the preceding address; i.e., by calculating an
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exclusive logical sum of the 20 bit of address 1000, the
bit 2! of address 1001 . . . the 27 bit of address 1007, the
20 bit of address 1008 . . . the 27 bit of address 1015 and
so on. Next an exclusive logical sum is made of the 2! bit
of address 1000 and so on and this is repeated until all
the bits of all the data of the ROM are calculated in the
exclusive logical sum. Namely, each series of operation
such that the 20 bit of address 1000 to the 20 bit of ad-
dress 3999, containing eight series of calculation, will be
made. The results of the operation will be checked

_either per series or as a total as to whether the value of

the least significant bit of register A is matched with the
correct parity.

Although the above-mentioned checking method by
way of checking parity can make it possible to check

the function of the ROM easy, it may cause an error of

checking in such a case that an even numbers of data
values are incorrect, and thus, occasionally, the least
significant bit of the A register may match with the
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correct value even though there are errors. This type of 20

error will comparably frequently occur in the case of

checking a large number of data values. For probabilis-
tically avoiding such an error, one may divide the data
into a plurality of blocks in which the exclusive logical
sum is individually calculated and the parity checked.
For example, in case of checking the parity with respect
to data stored in address 1000 to 9999, the data 1s di-
vided into three blocks, addresses 1000 to 3999, 4000 to
6999 and 7000 to 9999. For each block, the exclusive
logical sum is calculated and the parity thereof is

checked independently. When the parity of any one of

the blocks is different from the correct parity, the NG
signal 1s outputted to indicate that there are one or more
data values in error.

Generally, the capacity of a RAM or ROM and the
other devices employed for the control system is 2" bits
for some integer n. For example, in one case, the capac-
ity of the RAM is 210 bits and the capacity of the ROM

is 213 bits, 214 bits or 215 bits. Comparing the amounts of

the data and the capacity of the RAM or the ROM, it is

naturally that the latter is larger than the former.
Therefore, if problems arise in one or more bits which

are not used for storing data, it will not affect the con-

trol system and can be disregarded. Thus, it is sufficient
to check the ROM and RAM within the area where the

data for running the control program is stored. How-
ever, in considering shorting between bits, it will be
preferable also to check the addresses adjacent to ad-
dresses storing the control data.

Checking whether the control program is executed
can be carried out by checking the output data corre-
sponding to the input data. For checking the output
data, there may be used control data, such as, for exam-
ple, data for table look up. Therefore, in a simple check
of the control system, it will be necessary to check only
the control data stored in the ROM. This may result in
simplification of the checking program and shortening
the duration of running of the checking program. Thus,
this may provide advantages, but has a risk of error in
checking the control system.

Now we explain a method for checking the output
unit of the control system. Generally, the function of
the output unit in a control system employing a mi-
crocomputer system is to write an output data for-
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warded from the CPU as a result of an operation thereof 65

in an address where an output circuit is provided.
Therefore, checking of the function of the output unit
should be made with respect to whether the output data
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from the CPU can be written in the address of the out-
put unit and can be read therefrom as it is. In practice,
therefore, checking of the output unit can be performed
by checking the inputted data and the output data and
by checking whether these data values are identical.
For the purpose of checking, data previously arranged
for checking the output unit is written in the address of
the output unit and is read out therefrom to output to a
measuring means provided outside the control system.

In FIG. 15 is illustrated a flowchart of the checking
program for checking the output unit. In FIG. 15, the
checking program structure 1s constructed for checking
an output unit having output circuits in addresses 30, 32,
34 and 36.

Immediately after START, a count N7is reset to 0 in
process step 410. In process step 412, data D stored in
an address 1304+ N7(=1304) 1s read out and rewritten
in the address determined by address data Dig (=30)
stored 1n address 1300-|—N7( 1300). The values of data
Di1 and Dyg will be found in Table III.

TABLE 111
Address Address
N7 (Noo+ N7) Data(Dyg) (1304 + N7)  Data (Dqy)
O 1300 30 1304 10
| 1301 32 1305 20
2 1302 34 1306 30
3 {304 130 40

36

Then, in decision step 414, the count data N7 is com-
pared with the last count (=3). When the value of the
count data N7 1s less than 3, the program goes back to
step 412. At this time, the running phase data N7 is
incremented by 1 in a process step 416. Thereby, in the
series of steps 412 and 414, the checking program is
executed for data Do (=32) and D}; (=20). The series
of steps 412 to 416 is repeatedly executed until the count
data N7 reaches 3; i.e., the series of step 412 to 416 will
be repeated four times. When the value of the count
data N7is 3 and the step 414 determines that the data
N3 (=3) matches with the last count number (323), the
program goes to END. At this time, the data Dy (=10,
20, 30, 40) is written to the output circuit provided in
addresses Djg (=30, 32, 34, 36). Outputs which corre-
spond to the data value Djj, 1s outputted to the mea-
sured means. By the measuring means, each output is
measured. The result of measurement 1s compared with
corresponding data Dj; to check whether the result is
matched with the data Dji. When, all the results are
matched with respective corresponding data values
D11, it indicates that the function of the output unit is
correct, and otherwise 1t indicates that the output unit is
damaged in one or more bits.

It should be appreciated that the value of data Dj;
may be changed to any value. However, it seems prefer-
able to change the value of data Djp; to 00000000,
11111111, 01010101 or 10101010, if eight bits of data are
used. Thus, shorting between the bits can be checked as
well as the function of output unit.

Although, as disclosed hereabove, the functlon of the
output unit can be checked by use with the measuring
means outside of the control system, it will be possible
to check the output unit in use with the input unit. This
maybe preferable as it requires no measuring means to
be provided outside of the system. FIG. 16 shows, as an
example, a preferred structure of checking means for
checking the output unit. A control unit 190 comprises
an mnput unit, a CPU, a RAM, one or more ROM’s and
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an output unit. The input unit is provided with a plural-
ity of input terminals Ij to Is. The output unit is pro-
vided with a plurality of output terminals O to O4. The
input terminals Iy, I, I4 and I¢ are respectively con-
nected to the output terminals Oj to O4 through lines 1;
to I4. For the purpose of explanation only, from the
output terminal Oj is outputted an output signal in the
form of a variable frequency signal; from the terminal
O3 1s outputted an ON-OFF signal: from the terminal
O3 1s outputted a variable pulse width signal; and, from
the terminal Og4 is outputted an analog signal. Corre-
sponding to the output signal outputted from each cor-
responding output terminals, the input terminal I; al-
lows a frequency signal to pass; the terminals I and I3
allow an ON-OFF signal to pass; the terminal I4 allows
a pulse signal to pass; and, the terminals Is and I allow
an analog signal to pass. As mentioned above, if the
number of input terminal is more than the number of
output terminals, and the kinds of signal to be passed
through the input terminals include all the kind of sig-
nals to be outputted from the output terminals, each
output terminal will be simply connected to corre-
sponding terminals. When the output terminal is con-
nected to an input terminal which allows a different
kind of signal to pass and can not allow the output signal
outputted from the output terminal to pass, it is neces-
sary to dispose a converter for adapting the output
signal to the input signal to be passed through the input
terminal. For example, if the output signal is a variable
frequency signal, while the input terminal allows only
analog signals to pass, it will be necessary to dispose a
frequency-analog converter between the terminals. If
the number of output terminals is more than the number
of input terminal, a signal option device such as a multi-
plexer channel unit, will be provided so as to input

different output signals to one input terminals by time,

sharing. For checking whether the output signal is iden-
tical to the data written in the output circuit, the pro-
grams shown in FIG. 17 will be linked with the pro-
gram for checking the input unit as shown in FIG. 6, for
example. In this case, the data written in the output
circuit is outputted as an input signal of the input unit.
In the mput unit, the output signal forwarded from the
output unit 1s stored and read out to check whether the
data contained in the signal is identical to the data Dy
with reference to a reference signal. It should be appre-
ciated as matter of course that the reference data to be
compared with the output signal is previously adapted
to the data Dj; corresponding to the output signal. It
will be also appreciated that by checking the output unit
by the latter method, it can also check the input unit,
and if the input unit is damaged the output data trans-
mitted from the output unit and stored in the input unit
may not match the reference data. If an error occurs on
checking whether the input unit or the output unit is
damaged, either unit should be checked again by the
foregoing individual checking methods. If there is a
time lag between operations of the output unit and the
input unit, it is recommendable to provide a delay cir-
cuit between the units for increasing the accuracy of
checking. Further, it is preferable to arrange the data
for checking the output unit so that in all bits of both of
the output circuit and the input unit, 0 and 1 can both be
written. Thus, shorting between the bits as well as
checking of functions of the unit can be checked. It will
be also recommendable to provide in the reference data
a range corresponding to allowable range of the input
and output units.
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When the input unit and the control program is
checked, as mentioned hereabove, the checking can be
done by inputting a given input signal to the control
system and checking outputs as a results of operation of
the control system. However, if some error is detected
during the above checking operation, it is impossible to
distinguish whether the error is caused by errors of the
input unit or an error of the program or operation of the
micro-computer. For avoiding such inconvenience, it is
preferable to determine the input data for executing the
control program in use with the checking program. As
an actual way of checking the control program and the
CPU executing the control program, only data for exe-
cuting the checking program is given and inputted, and
at this time, the input signal forwarded from the input
untt is not used for checking. In this way, even when the
Input unit is in error and therefore it cannot input cor-
rect data to the CPU, the control program and the CPU
can be checked. Further, when the input unit includes
an analog circuit for receiving analog input signal, Xjq,
or a frequency signal circuit for receiving frequency
signal, conversion errors caused by non-uniform signals,
quantizing errors, etc. will not affect the checking oper-
ation of the control program. Thereby, the checking of
the control program can be made without being af-
fected by problems in the input phase, and the result of
checking will be quite reliable.

Now we explain how to output the results of check-
ing. It should be noted that the hereafter disclosed
method of outputting the results of checking will be
applicable to checking the input unit, the RAM, the
ROM, the CPU and the output unit. At first, the sim-
plest way to output the results is to provide a special
output unit for outputting the checking results only:.
The special output unit will change the output in re-
sponse to an OK signal or NG signal provided thereto
during running or executing the checking program.
This method is advantageous in not affecting the output
for controlling the vehicle driving or vehicle equip-
ment. However, this requires an increase of the output
circuit which causes an increase of cost of the control
system. For reducing the number of output circuits and
thereby reducing the cost, one or more of the output
circuits will be used in common for outputting checking
result as well as for outputting control signals. In order
not to affect, or to affect as little as possible output of
the control signal and for controlling vehicle driving
and other equipment, one or more output circuit, for
outputting control signals for warning indicators or
indication devices may be advantageously used for out-
putting the results of checking. Since such indicators
are provided for the purpose of warning of erroneous
operation of some element of the vehicle or indication
of the condition of some feature, it will not affect actual
driving or operation of other vehicle equipment. Fur-
ther, by use with an output circuit as an indicator, the
result of checking can be indicated visually, for exam-
ple. Other output circuit, for example circuits for out-
putting a control signal to control engine driving,
should not be used for outputting the checking results,
as they may possibly cause a malfunction of the driving
system. However, if the control unit is checked inde-
pendently or separately from actual control of the driv-
Ing system or of other vehicle equipment, it might be
possible to use the output circuit thereof as the output
circuit for outputting the checking results.

For outputting the checking result both in cases of
using the output circuits for indicator or other elements,
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it 1s preferable to output the result within a substantially
short period to avoiding affecting vehicle control, or
reduce such effect as much as possible. Since, a varia-
tion of the intensity of an indicating lamp or light emit-
ting diode in response to a variation of power over a
period of several milliseconds cannot be visually de-
tected, and since a relay circuit or electromagnetic
valve etc. will not respond to such variation of power
within several milliseconds due to the response delay,
an electrical measuring device may be employed to be
responsive to such a change of power even if the change
occurs within a substantially short period. When the
checking results are NG, the output is inverted for a
short time period. By this, problems in the control sys-
tem can be indicated without varying the output
thereof. Further, when outputting the checking results,
it 1s preferable to indicate other information of the
- checking result in addition to OK or NG; for example,
what element of the control system is in error. In case of
checking the ROM and RAM simultaneously, and
when either one of the ROM and RAM is in error, the
checking result is indicated as NG. For maintainance of
the element, the control unit will obviously prefer to
know what element should be repaired for making
maintainance easy. When the control unit includes a
plurality of ROMs and a notification is made as to
which ROM is in error, it will possible to replace the
bad ROM. This may result in reducing time and expense
for maintenance thereof. When a plurality of input cir-
cuits are contained in the unit, it will also be convenient
to be notified which input unit is in error. For indicating
which element is malfunctioning, a number is associated
with each element of the control system or each check-
ing program. |
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FIG. 17 shows an example of outputting the result of 35

- checking with information as to which element is in
error. When the checking results with respect to all the
elements are OK, the program starts at START 1.
When the program starts at START I, output data D3
i1s reset to 0 in process step 420. The output data Dy, is
outputted in process step 422. It will be appreciated that
the method of outputting the checking result is substan-
tially the same as previously explained with reference to
FIGS. 15 and 16. When the input unit is in error and
during execution of the input unit checking program, an
NG signal is generated, and the program starts at
START IL In this case, in process step 424, the output
data D3 is set to 1. In step 422, the data D3 (=1) is
outputted. Thereby, when the indicator indicates 1, it
indicates that the input unit is in error. When the RAM
1s in error and during the RAM checking program an
NG signal is generated, the program starts at START
I11. In process step 426, the output data Dy is set to 2.
The data Dj3 (=2) is outputted to indicate that the
RAM is in error, in step 422. When the ROM is in error
and during ROM checking programan NG signal is
generated, the program starts at START IV. In process
step 428, output data Dya is set to 3. The data D3 (=3)
is outputted in step 422 to indicate that the ROM is in
error. When the output unit is in error and an NG signal
is generated during execution of the output unit check-
Ing program, the program starts at START V. In pro-
cess step 430 the output data D3 is set to 4. The data
D12 (=4) is outputted in step 422 to indicate that the
output unit is in error. Thereby, data D3 is outputted to
a measuring means provided outside of the control sys-
tem. Thereby, whether the control system operates
correctly and further, if there is an element in error,
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which element is in error, can be indicated. If desired,
the output data D3 containing a combination of infor-
mation can be indicated by some number representa-
tion. Although in the above-explained example uses
specially arranged numbers for indicating which ele-
ment of the control system is in error, it is possible to
indicate the element in error by use of the address of the
element in error. For example, for the address 10 of the
input unit, the output data Dy; is set to 10 on the step
424. Further, if desired, together with the output data
D13 having a value corresponding to the address of the
element in error, the contents of the address can be
outputtted for convenience in seeking the cause of trou-
ble.

When some element of the control system is in error,
it is undesirable to keep the vehicle under the control of
such a control system. It is preferable to indicate such a
situation of the control system or cease operation of the
control system, otherwise the vehicle may possibly be
subject to danger. For indicating the problem with the
control system, the output signal which is the result of
checking can be used. It is also possible to vary the
output to vary the warning condition to indicate what
problem has arisen in the control system. The control
program may be stopped by, for example, executing
another program which is structured to loop so as not to
output any output signals. It will also be possible to stop
the vehicle by stopping the fuel supply or stopping the
ignition, for example, in response to the output of the
checking program.

Although as mentioned above, when the control
system malfunctions, the vehicle may be protected from
danger by stopping the control system or stopping the
vehicle however, this procedure is not generally desir-
able as great inconvenience will be caused by malfunc-
tions of the control system. For preventing such a draw-
back or disadvantage, it will be preferable to provide
auxiliary elements in the control system which can re-
place malfunctioning elements. Generally some ele-
ments of a control system including a microcomputer
unit for application to an automotive vehicle are capa-
ble of replacement when malfunctions of elements are
detected on initial checking before the system is coated
for the purpose of water or liquid proofing, but it is
quite difficult to replace the elements after they have
been encapsulated. Meanwhile, the elements employed
in the control system, such as the ROM and the RAM,
generally have an input so callied chip-select for select-
ing the element. Therefore, it is possible to incorporate
auxiliary elements so as to automatically replace the
elements malfunctioning in response to the result of
checking, by using the chip-select input. Thus, even if
some element in the control system malfunctions, the
control system can maintain correct operation in order
to control the vehicle driving system and the other
equipment. For example, when the ROM holding the
control program malfunction, the output of the check-
ing result of the ROM is inputted to- the chip-select
input thereof and the inverted output is inputted to the
chip-select input of the auxiliary ROM. Thus, the faulty
ROM 1s disconnected and replaced by the auxiliary -
ROM to maintain control of the control system for the
vehicle driving system and the other vehicle equipment.
With respect to the input and output units, there will be
provided a plurality of circuits which are selectively
used for inputting or outputting signals. For selecting
the circuit, there will be further provided a relay-gate
circuit to selectively connect the input or output circuit
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to the arithmetic operation unit of the control system.
Further with respect to the output unit, when elements
of the control system other than the output unit mal-
function, the output unit can not output a correct con-
trol signal, even though the output unit itself is operat-
ing normally. In this case, it will be desirable to maintain
output control signals by inputting the control data to
the output unit from another control system. For exam-
ple, for an ignition control system, when the control
program for ignition control makes an error because a
sensing element for detecting or measuring spark timing
is damaged, as a replacement thereof, an auxiliary pro-
gram for outputting a fixed control signal will be exe-
cuted. Meanwhile, for a fuel control system, when the
sensor for engine temperature or an input circuit for
inputting an input signal of engine temperature is dam-
aged, the fuel control program must be modified to stop
correcting operation in response to engine temperature
or to fix the input data for the engine temperature.

It will be appreciated that when the ROM is dam-
aged, it is sometimes impossible to modify the control
program. In this case, it will be preferable to change to
a circuit which can generate a fixed output or to replace
the control system of an other arithmetic unit which has
the function of executing simple arithmetic operations.

Next, we refer to starting operation of the check
program and a method for starting a plurality of check-
Ing programs, as subroutines of a program. As starting
instructions for execution of the checking program,
interrupt signals are preferred. In general, a microcom-
puter unit is provided with inputs for interrupt signals.
These interrupt signals may be generated in response to
Input signals from the sensor used for detecting and
measuring various vehicle driving parameters. When an
interrupt signal is inputted, the executing program or
subroutine is stopped and an interrupt processing rou-
tine 1s executed. If the interrupt processing routine is
executed to execute the checking program interrupting
the control programs, a decision program to decide
whether to allow the interruption by the checking pro-
gram will be unnecessary. Therefore, in this case, the
control programs and the checking programs can be
structured independently of one another to make pro-
gramming easy and thereby each program can be sim-
plified to shorten the duration thereof. The interrupt
signals may or may not be capable of being masked or
inhibited. If the interrupt signal is capable of being
masked or inhibited, it will be possible to continue the
control program or other checking program if it is in
the interrupt, inhibit or masked state. Thereby the
checking program can be executed only when the exe-
cution of the checking program will not affect the con-
trol system or vehicle driving; for example, when the
engine is stopped or the vehicle is parked or stopped.
Thus, even if an interrupt signal is generated and input-
ted due to noise or malfunction while the control system
Is operating to control vehicle driving, as the control
program 1s in the masked state, the checking program is
not executed. Meanwhile, if the interrupt signals are not
capable of being masked, it will be preferable to give the
checking program priority for interruption. Since the
checking program is started in accurate synchronism
with the inputted interrupt signal, the synchronization
of the programs can be easily controlled.

When there are several checking programs to be
executed, the interrupt priority will be determined in
response to the combination of input signals. For exam-
ple, if there are two digital signals, four checking pro-

10

15

20

25

30

35

45

50

55

65

30

grams can be controlled by the associated interrupts. In
a control system with an interrupt system, the interrupt
signals are variously combined to control the interrupt
priority of each checking program. It is recommendable
to include a program to stop execution of the checking
program. Such a stopping program is useful when the
interrupt signal cannot be masked so as to prevent the
control system from malfunction even when such an
interrupt signal is inputted due to error. Thereby, the
control such as interrupt signal is inputted due to error.
Thereby, the control system is reliable with respect to
execution of the checking program, particularly to exe-
cution timing of the checking program.

FIG. 18 shows an example program having several
checking programs as subroutines. When the power for
the control system goes on, power-on reset 1002 is actu-
ated. In process step 1004, flags Fcx, Fng, Fram,
FRroum are reset to an initial condition. In this example,
all the flags are reset to 0 for simplification of descrip-
tion. In process step 1006, each signal is set to its initial
value. Thereafter, in step 1008, the control program is
executed. Although the control program executing step
1008 is illustrated as a single block, it will be easily
understood that the control program may be structured
in various steps. Further, it should be appreciated that
the control program often includes various subroutines
for executing various control operations therein. How-
ever, this 1s not so closely relatedly to the concept of the
present invention and for simplicity of explanation be-
low, the control program will be explained hereafter as
a single block. After execution of the control program
in step 1008, the value of the flag Fck is checked in
decision step 1010. Normally, the value of the flag Ccx
1s 0. When the value of the flag is 0, the program goes
back to step 1008 to repeat the control program. Then,
if an interrupt signal is inputted uring execution of the
control program, execution of the control program is
then stopped and control goes to a step 1100. Then, the
Interrupt processing routine is executed. In process step
1102, flag Fck is set to 1. Thereafter, in process step
1104, control is returned to step 1008 to execute the
control program. After execution of the control pro-
gram, in the decision step the flag Fcxis checked and a
decision made as to whether to enter the checking pro-
gram. It should be noted that the flag Fcx indicates
whether an interrupt signal for executing the checking
program has been inputted. In the example shown,
when Fcg is 1, it indicates that an interrupt signal has
been inputted. It will be further understood that, the
flag Fck 1s stored in a specific bit, called a flag bit. At
the start of execution of the checking program, first the
starter switch is checked to see if it is in the ON position
or in the OFF position, in a decision step 1012. When
the starter switch is in the OFF position, then an idling
switch which closes the throttle completely when ON,
is checked in a decision step 1014. When the idling
switch is ON, in a process step 1016, the flag Fcx is reset
to 0 and then control is returned to the control program.
The subroutine structured series of steps 1012 to 1016 is
provided to avoid a malfunction caused in the control
system by inputiing an interrupt signal generated by a
malfunction of the sensing means. Namely, when the
starter switch 1s in the OFF position, and the idling
switch 1s in the ON position, the vehicle may be decel-
erating or idling, and these driving conditions arise
relatively frequently. If due to a malfunction, the con-
trol system operates the checking program during vehi-
cle operation, because the control program is therefore
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stopped for a short period, the engine may misfire, or
behave erractically, and therefore for safety reasons the
driver is likely to take his foot from the accelerator
pedal. Therefore, it will be convenient to check
whether the vehicle is in a position to execute the
checking program, by checking the positions of the
starter switch and idling switch. Although in the exam-
ple shown, when the vehicle state with the starter
switch OFF and idling switch ON is detected, the inter-
ruption program is stopped, and control goes back to
the control program for controlling vehicle driving and
operation of other vehicle equipment, it will be possible
to check whether the vehicle driving condition allows
execution of the checking program in other ways (not
shown in the drawings). For example, when the vehicle
has starter switch OFF and the idling switch OFF,
- switch positions which arise in normal driving, the
. interrupt subroutine or program may be stopped with
control going back to a position executing the control
program. Such switch positions indicate a normal drnv-
ing state of the vehicle and at this time the checking
program may not be desired to be executed to prevent
error or stopping of control operation of the vehicle
driving system or other equipment.

For avoiding malfunctions, there some further check-
ing steps in the program shown, which will be exlained
in detail.

When a decision that the starter switch is in the ON
position is made step 1012, the position of the idling
switch i1s checked in decision step 1018. When the idling
switch 1s OFF, engine torque 1s checked. In step 1020, a
check 1s made whether the engine torque exceeds 3,200
rpm. When a decision is made that the engine torque
exceeds 3,200 rpm in the step 1020, flag Fr4as, indicat-
ing whether the RAM checking program has been exe-

~ cuted, 1s checked in decision step 1022. If the value of

flag Fraar is O, then the RAM checking program is
executed in process step 1024. The structure of the
RAM checking program is one of the foregoing RAM
checking programs which have been illustrated with
reference to FIGS. 8 and 9. During execution of the
RAM checking program, the function of the RAM,
‘writing data and reading out the same, is checked and

also whether there are bits shorting with adjacent bits is
checked. |

Thereafter, the flag Frqaris set to 1 in a process step
1026. Once the value of the flag Fr4aris 1 which-indi-
cates that the RAM checking program has been exe-
cuted, then, when the program step comes to step 1022
again, a decision to return from the interrupt is made in
the step 1022 and control goes to step 1008 where the
control program is executed. Namely, since checking of
the RAM need not be repeated, once the RAM check-
ing program is executed, further execution of the RAM
checking program is prevented to avoid unnecessarily
long execution of the checking program. In decision
step 1028, the result of execution of the RAM checking
program in step 1024 1s checked. The result of the RAM
checking is indicated by the value of flag bit Fyg; i.e., if
the flag Fng is O it indicates that the function of the
RAM is correct, while the flag Fygis 1 it indicates that
the RAM is malfunctioning. In the program shown,
merely whether the function of the RAM is correct is
checked; namely whether the value of the flag Fygis O
or 1. However, as stated above, it will be possible to
further check what kind of problems are occurring in
the RAM or what address is faulty, if the result of the
RAM checking is NG. When the flag Fngis 0; i.e., the
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result of the RAM checking is OK, in process step 1030,
an indicator for indication of the result of the checking
program goes OFF. It will be appreciated that, as stated
before, various vehicle indicators can be utilized for
indication of the checking results. However, in the
example shown, a visible warning means, such as a light
emitting diode, is provided for indication of the check-
ing result for the purpose of simplification of explana-
tion. When the result of the RAM checking 1s NG and
thus the value of the flag Fyg 1s 1, the indicator 1s
turned on 1n process step 1032. Thus, when the RAM
checking result is NG, it can be indicated by turning on
an indicator. Thereafter, in a process step 1034, counter
Ng which indicates the run number of the checking
program and also indicates the order of subroutines, in
set to 0. In the example shown, the subroutine structure
of a series of steps 1022 to 1034 is executed before other
subroutines. Since the RAM holds data to be used for
checking other elements of the control system, such as
input unit, the ROM and output unit, 1t will be prefera- .
ble to check the RAM first. However, it should be
noted that the order of checking i1s not always required
to start from the RAM, and therefore, the example
shown should be understood as merely an example for
itllustration of the present invention. After setting the
value of counter Ng to 0, control goes back to step 1006.

In step 1018, when the idling switch is in the ON
position, then the ROM checking subroutine is exe-
cuted. First in a decision step 1036, flag Froar which
indicates whether the ROM checking program is al-
ready executed is checked. Since the flag Froasis reset
to O in step 1004, the flag Froa indicates O on the first
time. Then, the ROM checking program is executed in
a process step 1038. Although FIG. 18 shows the ROM
checking program as a single block for simplification of
explanation, it should be understood that there are in-
cluded various steps for executing the ROM checking
program. Actually, checking of the ROM is performed
by either of the checking programs illustrated in FIGS.
10, 11, 13 or 14. After execution of the ROM checking
program, the flag Froaris set 1 to prevent repeatedly
executing the ROM checking program for the same
purpose as stated above in the RAM checking, in pro-

cess step 1040. In decision step 1042, the result of the
ROM checking is checked. The result of the ROM

checking is contained in the flag bit F ¢ thus: when the
function of the ROM is correct, the value of the flag
Fngis 0, while if the ROM 1s damaged or troubled, the
flag Fng s of value 1. When the function of the ROM
1s correct and thus the value of flag Fngis O, the indica-
tor is turned in OFF on a process step 1044. If the ROM
is faulty and thus the value of flag Fnxgis 1, the indicator
is turned to indicate visually that there is a fault in the
ROM. Thereafter, in decision step 1048, the counter Ng
is checked. When the value of the counter N3 is O, the
counter Ngis set to 1 in step 1050, while if the value of
the counter Ngis larger than 0, the program goes imme-
diately back to step 1008. ”

In step 1020, when the engine torque is less than 3,200
rpm, an input unit checking program I is executed
through an input unit checking subroutine. As will be
apparent from FIG. 18 and as different from the RAM
and ROM checking subroutine, there is not provided a
step for checking whether the input unit has already
been checked by execution of the checking program I.
The reason is that, since, in the case of tnputting input
data through and A/D convertor, for example, by time
sharing, when a plurality of input data values are input-
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ted to the input unit, it takes a comparatively long per-
iod and it may possible be that some data is inputted
during or after execution of the input checking pro-
gram; thus it is preferable to check the input unit repeat-
edly. It will also be seen from FIG. 18, that there are
two different input unit checking programs:; i.e., input
unit checking program I and II. These input unit check-
ing program I and II are provided to check the input
unit twice in different driving conditions of the vehicle.
Checking program I is executed under the vehicle con-
ditions: starter switch on, idling switch off and engine
torque less than 3,200 rpm, i.e. vehicle is idling, and the
checking program Il is executed under the driving con-
ditions: starter switch off, idling switch off, i.e. the
vehicle is parked or stopped. However, it is not always
necessary to check the input unit twice as specified
above, and it is of course possible to check the input unit
one time in one vehicle condition adapted for execution
of the checking program. Step 1052 may include vari-
ous steps, and checking program I may be structured as
illustrated FIG. 6.

During execution of the input unit checking program,
the flag Fng is set to 0 when the function of the input
unit is correct and to 1 when the function of the input
unit is incorrect and the unit is considered as faulty.
Next, the counter Nj is checked in decision step 1054,
The value of the counter Nj is incremented by 1 and
thus becomes 2 in step 1056. Thereater, the value of flag
FnGis checked in decision step 1058. When the value of
the flag Fng is O and therefore a decision is made that
the function of the input unit is correct, the indicator is
turned off in a process step 1062, while, when the value
of the flag Fngis 1, the indicator is turned on in a pro-
cess step 1064. Then, in decision step 1054, the counter
N3 is checked. When the value of the counter Ngis 1,
the counter Ny is incremented to 2 in a process step
1056, whie when the value of the data Ngis 3, the value
of flag Fngis checked in a decision step 1060. Thereaf-
ter, the program goes back to step 1008 to execute the
control program. In decision step 1054, when the
counter Ng contains a value other than 1 or 3, the pro-
gram jumps the step 1056 and goes to the decision step
1058. In this case, the value of the data N3 1s either O or
2. When the value of the data Ny is of 0, it means that
either or both the RAM and ROM have not yet been
checked. Therefore, the result of checking with respect
to the input unit is not reliable. When the value of Ngis
2, this indicates immediately after checking the input
unit by the input checking program I. Therefore, it is
unnecessary to change the value of the data Ng. Then,
as mentioned above, in step 1508 it is decided whether
the function of the input unit is correct by checking the
flag Fyg, and when the value of the flag Fngis O, the
indicator is turned off in process step 1062. If the value
of the flag Fygis 1, and it is decided that the input unit
1s faulty, the indicator is tuned on to light an indicator
lamp, for example to inform or warn of the fact in a
process step 1064. When, in the decision step 1054 it is
decided that the counter N is 3, the value of the flag
FnG1s checked whether it is 1 or 0 in decision step 1060.
When the result of the checking is that the flag Fng is
0, i.e., the function of the input unit is correct, the indi-
cator 1s turned on in the process step 1064. If the value
of the Fxgis 1 in the step 1060, the indicator is turned
off in process step 1062. In both cases, after executing
the job, the program goes back to step 1008. It will be
appreciated that, the decision steps 1058 and 1060
which are both check steps after performing a checking
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operation as to whether the value of the flag Fygis 0,
have alternating functions in operating the indicator.
This is so because when the checking subroutines for
checking each element of the system are executed in a
given order, all the elements function correctly. The
execution of the checking program is finished after
execution of input unit checking subroutine in the se-
quence of steps 1054-1060-1062 or 1064. Namely, it is
intended in the example shown that the checking is
performed in the order RAM checking subroutine -
ROM checking subroutine - input unit checking subrou-
tine I-input unit checking subroutine II - input unit
checking subroutine I. When the functions of all the
elements are correct, the indicator is kept in off until the
final input unit checking subroutine.

In decision step 1014, if the decision is made that the
idling switch is in the OFF position, i.e., the vehicle is in
the normally driven state, the input unit checking pro-
gram Il is executed in proces step 1066. As will be easily
understood, the checking program II may contain vari-
ous steps and perform checking of functions of the input
unit with respect to input data which has different input
conditions from the input data for the input unit check-
ing program I. During execution of the input unit
checking program II in step 1066, the value of the flag
FngGis changed to O or 1 corresponding to the result of
checking. The value of the flag Fyg is checked in deci-
sion step 1068. When the value of the flag Fngis O, the
indicator is turned off in process step 1070, while when
the value of the flag Fgis 1, the indicator is turned on
in process step 1076. Thereafter, the counter Ng is
checked in decision step 1072. When the data Ng 1s 2,
the value is incremented by 1 and thus the counter Ny
becomes 3. If the value of the data Ngis other than 2, the
program goes back to step 1008.

It will be understood the input unit checking subrou-
tine II of sequence of steps 1066 to 1076 may be substi-
tuted by a subroutine for checking the output unit by
way of substitution of the step 1066 from the input unit
checking program Il for the output unit checking pro-
gram.,

For performing the above-mentioned checking oper-
ation in the given order, input data will be arranged so
that the input data indicates each vehicle driving condi-
tion in which the checking programs are executed in
order. Thus, the indicator is operated in the given order,
Le. it indicates whether each function is correct in the
order: RAM- ROM-input unit (checked by program

D-input unit (checked by program II)-input unit

(checked by program I). Meanwhile, it will be possible
to detect trouble or damage caused in the indicator itself
or circuit of the indicator by observing the change be-
tween on and off, since if the indicator and circuit
thereof is correct, the order of lighting of the indicator
corresponds to the given order of checking. Further, it
will also be possible to detect faults in the input circuit
by inputing signals to execute checking programs with
respect to signals. For example, when the input circuits
are faulty, and the input signal are kept in a state indicat-
ing start switch on and idling switch on, only the ROM
checking program is executed. In this case, when the
function of the ROM is correct, the indicator is kept off.
At this time, the operation of the indicator is different
from normal and can indicate the problem in the input
circuit, since the indicator functions alternately during
execution of the final phase of the checking programs.
However, it is also possible to indicate the result of the
checking with a plurality of indicators receiving various
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output signals to indicate the result with respect to each
element or with an indicator capable of varying the
output pattern to indicate different results of checking
with respect to each element. Thus, it will be advanta-
geous to use as indicator and single output pattern in
view of the ease of observing the results and cost of the
systemn.

It will be noted that, in the example shown, after the
execution of the RAM checking subroutine, control
goes back to step 1006 to reset to the initial condition all
the data values so as to clear the data stored in the RAM
for the purpose of avoiding errors in execution of the
control program due to reading out such checking data
and operating control on the basis of such data. Mean-
while, at this time, if the program goes back to the first
step 1002, the counter Ng and the flag Fng are cleared,
it causes the checking program to go back to the initial
- condition so as to loop and not proceed to next phase. It
is further preferable that data for deciding what check-
ing programs should be executed, is inputted to the
CPU from the input unit, since for execution of the
checking program, the data stored in the RAM is apt to
be rewritten.

As mentioned in the example shown in FIG. 18, such
a means for inputting input signals to the control system
and thus for executing the checking program can be
embodied relatively simply and, by use of such check-
ing means, the control system can be easily checked
even after it has been assembled. The means will be
installed in a service station or mounted in a vehicle to
check the control system easily.

The present invention, as illustrated above, can pro-
vide various and considerable advantages such as:

the functions of the control system can be checked
even after being assembled or mounted on the automo-
tive vehicle, and it may be checked in the vehicle with-
out change of the control condition of the vehicle;

duration of execution of the checking program can be
constderably and remarkably reduced;

all the functions of the control system can be
checked, perfectly;

since, if desired, the information as to which element
is faulty can be provided, it is convenient for looking for
the faulty portion of the control system, mending or
replacing the same and thus help reducing time for
mending or replacing operation;

since it will be possible to replace the element or
swith or the circuit which is faulty with an auxiliary
element or circuit in response to the reslt of checking, it
can increase durability of the control system;

since the control system can be checked easily even
after the vehicle mounting the same is actually driven,
the vehicle can be effectively protected from serious
failures or accidents due to the problems with the con-
trol system; and

the checking can be quite easily performed in a ser-
vice station having the checking means.

While the present invention has been shown and
described with respect to the preferred embodiment, it
should not, however, be considered as limited to these
or mere and simple generalizations, or other detailed
embodiments. Further, variations could be made to the
form and the details of any parts or elements, without
~ departing from the principles of the invention. There-
fore, 1t is desired that the scope of the present invention,
~and the breadth of the protection sought to be granted
by Letters Patent, should be defined solely by the ac-
companying claims.
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What is claimed is:

1. In a control system for an automotive vehicle for
controlling vartous devices in response to sensor signals
fed from sensors, said system having a microcomputer
for receiving and processing said sensor signals and for
controlling said devices, said microcomputer including
an input unit, an output unit, a CPU, and a memory
storage device including a ROM and a RAM, a method
of controlling said vehicle and checking operation of
said microcomputer comprising steps of?:

(a) operating a control program in said microcom-
puter in response to said sensor signals for control-
ling said vehicle devices, |

(b) determining in said CPU and in response to said
sensor signals at least a first and a second engine
condition,

{(c) in response to said first determined engine condi-
tion, operating a first checking program for check-

Ing operation of said memory storage device, oper-

ation of said first checking program including the

steps of:

(1) in said RAM, feeding into said RAM a first
plurality of data signals corresponding to a first
set a data values,

(1) reading out of said RAM said fed-in data sig-
nals,

(111) comparing each of said read out data signals
with each of said first plurality of data signals
and generating a first error signal upon non-
equivalence of same,

(iv) providing an indication of said first error sig-
nal,

(v) in said ROM, reading a second plurality of data
values from storage locations of said ROM,

(v1) comparing at least the least significant bits of
the sum of said read data values with a reference
sum and generating a second error signal upon
non-equivalence thereof,

(vit) providing an indication of said second error
signal,

(d) in response to said second determined engine
condition, operating a second checking program
for checking operation of at least one of said input
and output units, said second checking [progrom]}
program including the steps of:

(1) for said input unit, feeding into said input unit a
third plurality of data signals corresponding to a
third set of data values,

(11) comparing in said CPU said third set of data
values with one set of reference values stored in
said memory storage device,

(1) generating a third error signal if each of said
third set of data values 1s not equal to each of said
one set of reference values,

(1v) providing an indication of said third error sig-
nal,

(v) for said output unit, feeding a fourth plurality of
data signals corresponding to a fourth set of data
values from said memory device to said output
unit,

(vi) comparing said fourth set of data values with
another set of reference values,

(vi1) generating a fourth error signal if each of said
a fourth set of data values is not equal to each of
said other set of reference values, and

(viir) providing an indication of said fourth error
signal.
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2. The method recited in claim 1 wherein said one set
and another set are identical.

3. The method as recited in claim 2 further including
the step of operating said second checking program for
checking both said input and output units.

4. The method as recited in claim 3 further including
the steps of feeding output signals from said output unit
to said input unit for simultaneously checking operation
of said input and output units by comparing, in said
CPU, data fed to said output unit with data received by
said input unit.

5. The method as recited in claim 1 wherein the sec-
ond checking program in step (d) is preformed after
execution of said first checking program in step (c).

6. The method recited in claim 1 wherein said vehicle
has a starter switch and said first engine condition cor-
responds to the starter switch being ON, and said sec-

ond engine condition corresponds to said starter switch
being OFF.
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7. The method as recited in claim 6 wherein said
vehicle sensors include an idle speed sensor and an
engine RPM sensor and said first checking program is
divided into a first, RAM checking program, the opera-
tion thereof including steps (c)(i)-(c)(iv), and a second,
ROM checking program, the operation thereof includ-
ing steps (c)(v)-(c)(vii), said method further including
the steps of:

(a) performing said RAM checking program in re-
ponse to said idle switch being OFF and said en-
gine RPM being above a predetermined value, and

(b) performing said ROM checking program in re-
sponse to said idle switch being ON.

8. The method as recited in claim 1 wherein said steps
of providing an indication of said first, second, third and
fourth error signals include thé steps of providing a
visual indication of same.

9. The method as recited in claim 1 or 8 wherein a
single indication is provided for said first, second, third

and fourth error signals.
% * * *
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