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BACKGROUND ART
EFI engines in automobiles are commonly controlled

Ol

by an on- -board computer, typically a microprocessor-based
. 10 device, which controls the timing and duration of the fuel
injection in response to operational parameters sensed by a
number of sensors on the engine, e.g. temperature, engine
speed, throttle position, air flow, etc. These operational
parameters can be measured many times per second so that the
15 engine is continually operated at optimum efficiency.
Many microprocessor or micro-computer based control
circuits for EFI engines are programmed to accept measured
“values of sensed operational- -parameters only when such Values
fall withiﬂ a predetermined range e.g. to avoid responding to
- 20 spurious signals or to avoid acting on faulty measurements.
If the value of an operational parameter as measured by a
"partiqular sensor is outside the predetermined range, the
sensor may be judged by the computer control system to have
failed (whether this is, in fact, correct or not), and the
25 actual output signal of the sensor may be replaced by a
standard value (as described, for example, in United States
patent no. 4,780,826). The use of a default value enables
the engine to keep operating despite the failure of a sensor.
However, although the engine will still operate, it will not
30 periorm as efficiently as it should. Since the fault in the
engine may be masked by the default value inserted by the
computerised electronic control system, it is difficult, if
not impossible, for mechanics to locate and correct the fault
using conventional tools. '

35 Complex and expensive diagnostic equipment is

(P4



-~

circuits for EFl engines are programmed to accept measured val ues of sensed
operational paraneters only when such values fall wthin.a predeterm ned
range e.g. to avoid responding to 20 spurious signals or to avoid acting on
faulty neasurenents If the val ue of an oBeratlonaI par anmet er as neasured
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It is the .object of the present invention to
provide apparatus for computer-aided diagnosis of EFI engines
which is within the economic and technical reach of most

10 motor mechanics.

It is a further object of the invention to provide
a method of computer-aided diagnosis of EFI engines wherein a
diagnostic computer program includes tutorial information to
enable such diagnosis to be performed by most motor

15 mechanics.
SUMMARY OF THE INVENTION

In one broad form, the present invention provides
apparatus .for diagnosing an internal combustion engine, the
apparatus comprising computer means having an associated

20 display; input means for connection to the englne under test-
and an interface device operatively connected between the
computer means and the input means; wherein the interface
device comprises:

multiple mode measurement means connected to the

25 input means, the measurement means being

responsive to control data received from the

compﬁter means to switch to a selected measurement .

mode, .

analog—to;digital converter means for converting a

30 - measured value of a selected operational parameter

to digital form, and

output means for outputting the digitized measured

value to the computer means;
wherein in use, the computer means is programmed to perform a

35 diagnostic comparison of the measured value with a



notv i'npossi bl e, for nechanics to locate and correct the fault using
tonventional tools. 35 Conpl ex and expensi ve di agnosti c equi pnent
is. 2normally-required to |locate the fault. Such equi pment is often
conput er-based, requiring a conputer dgvice nmanufactured specifically
for that particular application. The use of such conplex and specialized

di agnost i cpegdiefermingdambedat ingetdnge tandl ned diegdidcitns resullt iof

I ncreased S vehicle repair. It is the object of the present

i nvention %géﬁr%%?g%gg%géf%RTE?%%ﬁOQﬂanuter-aided di agnosi s of EFI engi nes
which is within'the &Borfdne c ermhtedfhdttakhecatpagungsstvalue of the

operational parameter is outside the predetermined operating

5 range, the computer means is preferably programmed to provide
tutorial or similar information to assist the operator in
locating and rectifying the possible fault. This procedure
is repeated sequentially for all selected operational
parameters.

10 Typically, the engine is an EFI engine and the
operational parameters to be tested include battery voltage,
ignition pulse, starter signal, throttle position sensor, air
temperature sensor, air flow meter, coolant temperature
sensor, fuel injectors.

15 - The computer means may suitably be any one of a
number of commonly available computers such as a standard
laptop computer, or a personal computer, and no substantial
hardware modification of sﬁch a coﬁputer is required. Thus
the cost can be minimised. Further, the computer can be used

20 for other applications when not required for EFf diagnosing.

The input means may be in the form of a probe which
is placed in elect:ical.contact with a selected sensor under
test or other operational parameter, in accordance with
instructions displayed on the computer display.

25 : Alternatively, the input means may be in the form
of a multipin socket which is connectable to the plug
connected to the engine sensors. (This plug is normally

connected to the on-board miccomputer found on modern
vehicles having mi.t':-rocomputer-controlled EFI engines.) In

30 this embodiment, the sensors are able to be examined rapidly
and automatically for fault location.

. In yet another embodiment, the input means is in
the form of a multipin plug connected between the engine
sensors and on-board microcomputer, and selectively switched

35 under computer control. This enayles rapid testing of not



102motor nmechanics. It is a further object of the invention to provide a
‘met hod of conputer-aided diagnosis of EFlI engi nes wherein a diagnostic
conput er programincludes tutorial infornmation to enable such diagnosis to
besperforned by nbost notor 15 nechanics. SUMVARY OF THE | NVENTI ON I n one
broad form the present invention provides apparatus for diagnosing an

I nt ernal conbustion engine t he appar at us donprising conput er neans havi ng
an aSSOCIated 20 put means for copnectiop to the en ine under

test; and an nf]ﬂ’tet 8‘%85?«5 b a1t ey oRGRABEE o HEISREIY S conput er
neans and the input nﬂbnsnahmeralmthh&at&tﬁmfeahiaknmcpenanumsnnmpumérlpIe

mode measur gEne r{?@{? GPURC R SR skRE ggparatus of MY 8 Sion [ Nn

measur enent _ neans eln%
- interface device is provided to interpret switching control

"5 data from the computer means and to convert the measured
values of selected operational parameters into computer
readable format. The interface device includes a multimode
measurement device, analogous to a multimeter, which is
controlled by the computer means to switch to the appropriate

10 measurement mode for the selected operétional parameter, e.qg.
voltmeter, ohmmeter, tachometer.

The measured value is converted to digital form and
ocoutput by the interface device to the computer means,
typically in serial data format.

15 The diagnostic comparison of the measured value
with the predetermined range is then performed by the
computer software and the results are displayed to the user,

together with .repair- orx_ troubleshooting .instructions - if-
.necessaryLll_ . ) - T -

20 According to another aspect of -the present
invention-there_is provided a method of diagnosing an
intérnéi bomhustion engine using the above described
apparatus, the method comprising the steps of\;equentiﬁiiy
measuring selected operational parameters of.said engine,

25 providing the measured values to the computer means,
comparing the measured values with respective predetermined
ranges stored in the computer means, displaying the results
of such comparisons on the computer display, and displaying
tutorial instructions for repair or troubleshooting in the

30 event that measured values do not fall within their
respective predetermined ranges.

v

In order that the invention may be more fully
understood and put into practice, preferred embodiments
thereof will now be describéd with reference to the

35 accompanying drawings. |



resﬁon5|ve to control data received fromthe conputer neans to switch to a
sel ect ed neasurenent node, anal og-to-digital converter neans for converting
a 30 measured val ue of a sel ected operational paraneter to
digital form and output means for outputting the digitized measured val ue
to the conputer nmeans; wherein in use, the_conputer neans is progranmed to
performa 35 diagnostic conparison of the Reasured value with a 3

predet erm ned operating rﬁH¥H¥*ﬂH§éﬁ}ﬂ¥rﬁ&'8¥ &HE ﬁﬁﬁﬁgﬁcéﬁ such di agnostic

conpari son. '
Fig._l is a schematic diagram of the basic

components of the computer-aided diagnostic system of this
invention;

5 Fig. 2 is a schematic circuit diagram of the
interface device of Fig. l.éccording to a first embodiment of:
the invention;

Fig. 3 is a schematic circuit diagram of the
interface device of Fig. 1 according to a second embodiment

10 of the invention;

Fig. 4 is a flow chart of the diagnostic and
tutorial software for use with the apparatus of Fig. 1.;

Fig. S5 1is a schematic block diagram of a third
embodiment of the invention;

15 Fig. 6 is a circuit diagram of the coupling circuit
of Fig. 5; and

Fig. 7 is - a schematic diagram of the interface
- “current of JFig. 5. _ .

f—mmm—e—meee iveeoowe. ... .. ... DESCRIPTION OF PREFERRED EMBODIMENTS

20 As shown in Fig. 1, the diagnostic apparatus
comprises computer means 10 which may suitably be a
conventional portable or laptop computer. Alternatively, a

standard personal computer (PC) may be used. Such computers
-are commonly available, and are within the financiai reach of
25 most motor repair garages. In the preferred embodiment, the
computer means is a conventional portable computer 10 which
is preferably housed in a robust casing designed to withstand
the harsh environment of an engine workshop.
An interface device 20 is interposed between the
30 engine 30 under test and the portable computer 10 to
interpret switching control data from the computer means and
to convert the measured values of operational parameters of
the engine 30 into suitable digital form for input to, and
processing by, the portable computer 10.

35 In a first embodiment of the invention



I nzthe event that the neasured value of the operational paraneter is

- outside the predeterm ned operating 5 range, the conputer neans is
preferably programed to provide tutorial or simlar information to assist
the operator in locating and rectifying the possible fault. This procedure
I's repeated sequentially for all selected operational paraneters. 10
Typically, the engine is an EFl engine and the operational paraneters to be
tested include battery voltage, ignition pulse, starter signal, throttle
posi tion séh&Feingiteengefanred ssosars the fmaRuYRk'er vegsdiomt . the

tenper at ur égnsensace dewlcd BEUPConnketed to the MPLMOHUWILY WEANS SBY
ctandard | SBEob cReEtk BEOBEE @%ser PR RLSRouLEP, PERRO R0 EHbSERi GRS
har dwar e nbdicbeche bmgokagitdied, canputthie isthesyupretk 25hbeing placed
5 manually at sensors at various locations on the engine. 30
under test according to programmed instructions provided by’
the portable computer 10 on its associated display.
In a second embodiment of the invention, the input
of the interface device 20 is connecte@ to the multipin plug
10 Wwhich normally connects the engine sensors to the on-board
microprocessor controlling the operation of the EFI engine.

In this embodiment, the input of the interface device 20 is

switched automatically between the various sensors connected
to the multipin plug, the switching being controlled by the
15 portable computer 10. In this manner, in order to diagnose
the engine 30, the operator need only remove the multipin
rlug from the microproéessor controller on board the vehicle

" and connecp it, -wia -a -suitable connector lead or -adaptor,to -
cw. _.....the_interface device. 20...-The-operational -parameters measured
20by the individual sensors are then scanned sequentially and
the measured data is fed via the interface 20 to the portable

coﬁpﬁter 16 for processing.

Operational parameters are measured in real time.
Typically, the diagnostic software in the portable computer
2510 is designed to compare the measured value of an
operétional parameter with a predetermined range. This range
may be derived from manufacturer's specifications or by
empirical determination. If the measured operational
parameter is within the predetermined range, the diagnostic

30program will then proceed onto the next operational

(%

parameter. However, if the measured parameter is outside the
allowable range, the program will then switch to tutorial
mode to instruct the operator the required steps to locate
and rectify the fault. '

35 In a third embodiment of the .invention, the input



t he “cost can be mininmised. Further, the conput¢r can be used 20 for other
appl i cations when not required for EFI di agnosiing. The input nmeans may be
in the formof a probe which is placed in electrical contact with a

sel ected sensor under test or other operational paranmeter, in accordance
Wi th instructions displayed on the conputer display. 25 o
Al'ternatively, the input nmeans may be in the formof a multipin socket
which is connectable to the plug connected to the engine sensors. (jhls
plug i s nortaliBe dothseEdese devike 30- hoaiunterpeosed hetveenuithemuiddarim
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A schematic circuit diagram of the interface device
15 of the manual version is shown in Fig. 2. The interface
device 15 is basically a computer controlled multimeter which
can operate as a voltmeter, ohmmeter or tachometer, together

10 With an analog-to-digital converter 22 for converting"
measured valves to digital form. .The interface circuit can
be constructed at low cost and is suitable for small motor
repair workshops.

. In use, control data is fed from the portable

15 computer 10 to the interface circuit 15 along "data in® line
21 in serial form. This control information is used to
provide the required voltages at.control outputs 1, 2, 3, 4

" to actuate'a switch;~or~combination-oﬁ-switchés,ul!,-2',m3!,n .
4®' to allow the interface 15 to opérate,in one of its

20 voltmeter, ohmmeter or tachometer modes. (In the simplified
schematic diagram shown in Fig. 2, the switches are shown in
the form of solenoid relays. However, it will be appreciated
by those skilled in the art that other suitable switching
devices can be used, e.g. solid state switches.)

25 By way of example, if the battery is to be testegd,
the portable computer 10 will instruct the operator to
connect the probe 25 to the positive battery terminal, the
otzer probe (not shown) being earthed. The computer 10 will
then transmit the required control data to the interface 15

30 via line 21 so that switch 1' will be closed, and the
rezaining switches 2', 3', 4' will be opened by contygol
outputs 1, 2, 3, 4 respectively. In this manner, the voltdqe
'sensed by probe 25 will be fed directly to the analog—tb-
digital (A/D) converter 22 within the interface. (The

35 interface device 15. suitably comprises appropriate ranging

124



35 &under conputer control. This enables rapid testing of not 4 only the
sensors, but also the on-board mcroconputer. To enable a standard portable
or personal conputer to be used in the diagnhostic apparatus of this

i nvention, an interface device is provided to interpret switching control 5
data fromthe conputer neans and to convert the neasured val ues of sel ected
operational paraneters into conputer readaBll e format. The interface device

o cont ror | 8%y BREL BB AR S hEand A TFORRTT o4 rpPader e TRelgplach
measur ement Viedd@deorinhe smbitalie openditioml four A4Bt eonvergiond|-t nethe,
ohmmet er, 1 aeRQUBELA" voltage is then converted to digital form and fed,
in serial data format, to the computer 10 via line 23. The'
5 value of the battery voltage will then be compared ‘with a
predetermined range previously input to the computer.
If the measured battery voltage is outside the
allowable range, a FAULT message is displayed on the screen.
If not, the computer proceeds to the next test. For example,
10 it may then display instructions to the operator to start the
engine, with the probe 25 being left connected to the
positive terminal of the battery. During this procedure, the
battery starting and charging voltages will be measured and
input to the computer 10 which compares them with
15 predetermined ranges.
This procedure is continued, each operational
parameter being checked sequentially to ensure that it is
within a prescribed range. - _ .
o If the operational parameter to be checked is in
20the form of a resistance (e.g. if it is necessary to test for
open or short circuits), the interface.device 15 is switched
to ohmmeter mode. The control information fed by computer 10
along line 21 will cause the control outputs to close
-8witches 1' and 4', and open all other switches. A reference
25voltage (Vref) is applied to a reference resistance 24 in
order to derive a known current. This current is fed via
switch 4' and probe 25 to the resistance being measured. The
resuiting voltage, which is proportional to.- the measured
resistance, is input to the A/D converter 22 wherein it is

30converted to serial digital form and fed to computer 10 via

[ I3

output line 23. The reference voltage may be derived from a

battery or reference voltage circuit within the interface
device 15, or from an external source.

If engine speed is to' be ﬁeasured, the interface

3sdevice 15 is switched to tachometer mode. In this mode,



Ther measured value is converted to digital formand output by the interface
‘device to the conputer neans, typically in serial data format. 15

The di agnostic conparison of the nmeasured value with the predeterm ned
range is then perforned by the conputer software and the results. are

di spl ayed to the user, together with repai fg OF t roubl eshooting instructions
I f neces-sary. 20 According to~another aspect of -the present

nvention t Mgk dige £F VI d3d Iaaogggggdgg% 4 20088 aglaoraéah@t;ermitc&@gba% on

engi ne using t bové descr met h nmprising the steps
of sequent alqgﬁ!\maéﬂhq myodel @5t dé @lecadi onap paphEfetefsrericdig eHdises 25

provi di ng t e p@asan €d o\ﬁaléﬁélngo tpl(} LOoPUs er bEdBBRne6@IRG! itd 4 h8park
measur ed valpgws WIIh re ectlve re et eémsgggog?pgesrhsé oreex(_jié lé heu(j_onputer
means, di splBH%g 1R 8x spee p P
5 sensed by probe 25'are fed to a pulse tachometer circuit 26
which provides an output voltage proportional to the
frequency of the incoming pulses. The output voltage is fed
via switch 2' to the input of the A/D converter 22 where it
is agéin converted to serial digital form and fed to the
10 computer 10. .

The switching of the interface device 15 between
its various voltmeter, ohmmeter and tachometer modes is
performed automatically under computer control, and the
transmission of control and measurement data between the

15 interface 15 and computer 10 is governed by a suitable clock-

or timing mechanism. The operator need only shift the probe

25 as instructed by the programmed instructions displayed on

"~ the screen of the computer 10. No special training or

_ e exgq;tggg_i§“:qu;;eq and the required tutorial information
20 is able to be diéplayed on the screen of computer 10.

The allowable range of selected operational
parameters for various models of vehicles, together with
diagnostic subroutlnes and tutorial information, can” be
.stored on individual floppy discs, and purchased as and when

25 regquired, This information can then be loaded into the
computer before testing.

It will be apparent to those skilled in the art
that the foregoing provides a'low cost engine diagnostic
system which is simple to use.

"

30 ' In the embodiment illustrated in Fig. 2, the probe
is shifted manuvally from location to location to measure the
required operational parameters sequentially. Although the
interface circuit is of low cost design, the need to
continually shift the probe 25 renders the diagnostic

35 procedure somewhat lengthy. In order to6 obviate this



of such conparisons on the conputer display, and displaying tutorial
‘instructions for repair or troubleshooting in the 30 event that measured
values do not fall within their respective predetermn ned ranges. In order
that the invention nay be nore fully understood and put into practice,
preferred enbodi nents thereof will now be described with referénce to the
35 acconpanyi ng draw ngs. 5 BRI EF DES@BI PTI ON OF THE DRAWNGS Fig. 1'is

a schematic di agram of the basic conponents of the coqputer-gideq
di agnost i c BySPefMef aphjantiomasaci orersion of the interface circuit has

been designed, and is illustrated schematically in Fig. 3.
The automatic interface 35 of Fig. 3 is adapted to
receive control data in serial form from portable computer 10
5 along line 31. The serial control data is converted to -
parallel form by a serial-to-parallel converter in circuit 32’
within the interface 35. More specifically, the incoming
serial data is converted into eight bit parallel form. The
first six bits are fed via lines 33 to an A/D converter 34,
10 and are used to select one of a possible 64 input lines to
the A/D converter 34. The seventh and eighth bits are used
to control the switching of four switches 1%, 2%, 3%, 4" to
select the appropriate mode a multimeter circuit 36, in a
similar manner to that described above with reference to
15 Fig. 2. In other words, for the selected one of a possible
64 input lines, the circuit 36 will measure the input as a
voltmeter, ohmmeter or tachometer as the case may be. The
“input line§ are connected to a'mﬁltipin socket 29.
- In use, the multipin plug connected to the various
20 sensors on the engine is disconnected from-the on-board
' microprocessor, and reconnected to the multipin socket 29.
Control data output from the computer is used to select an
appropriate incoming sensor line, i.e. the desired
-operational parameter, and;to switch the multimeter device 36
25 to the appropriate measurement mode for the selected
operational parameter.
The measured value on the selected line is
'converted.into digital form by A/D converter 34, and fed (in

parallel format)..along lines 37 to a parallel-to-serial

(74

30 converter within circuit 32. The output serial data is then
fed to computer 10 along output line 38. The switching of
the A/D converter 34 and S/P, P/S converters 32 is also
controlled by a clock 39.

Using the automatic interface circuit 35 of Fig. 3,

35 the computer 10 can rapidly measure the operational



5 &° Fig. 2 is a schematic circuit diagramof the interface device
of Fig. 1 according to a first enbodi nent of, the invention; Fig. 3 is a
schematic circuit diagramof the interface device of Fig. 1 according to a
secbnd enbodi nent 10 of the invention; Fig. 4 is a flow chart of the

di agnostic and tutorial software for use'mL{h the apparatus of Fig. 1
t

Fig. 5is a schematic bl ock diagramof a I rd enbodi ment of the |nvehi|on

15 palirameeelr% ao¢ renet dlgoghamuriaéhe templ isiheer cibt mfnkag. 5;

and Fig. 7 is,a schemati.c ram oj the |nterface current of Fig. 5
DESCRI PTI ouréﬁ%ﬂ%#ERREB Egécgf sat¥.  As shown in Fig. 1, the

di agnosti c apparatus The measured values of the operational parameters
can be processed immediately and/or stored for subsequent
5 analysis.

. The computer can automatically compare all measured
operational parameters with their respective allowable
ranges, and provide a summary and fault analysis at the end
of the diagnostic routine. ‘Alternatively, the computer may

10 measure each operational parameter in&ividually and display
the results of the diagnostic comparisons on the screen
sequentially. Moreover, using a Select Menu, a particular
sensor or operational parameter can be checked.

The automatic interface 35 is simple to use since

15 the operator need only connect it to the on-board plug.
Suitable adaptor sockets can be provided to suit the various
models of plugs found on on-board. microprocessors.

A flow chart_of an example of suitable software for

. the computer 10 is shown in Fig. 4. The software is both

20 diagnostic and tutorial in ﬁature. In other words, it not
only locates the fault, but provides repair instructions and
‘trouble shooting advice. ~ T ' )

After the computer ﬁrogram is loaded and "the
~-connections tested, each operational parameter or device is

25 tested sequentially. As shown in the flow chart for this
example, the battery voltage is first checked. If the
battery voltage is not within the prescribed range,
instructions are provided for repairing the battery or the
charging system of the vehicle. The earthing, ignition,

30 starter, throttle sensor, air temperature sensor, air flow

“w

meter, coolant temperature sensor, the injectors, relay and
power supply are then tested sequentially.

For each test, tutorial information is provided on
the screen of the computer to assist the operator in

35 undarstanding the test being conducted. The operational



conpri ses conputer neans 10 which nmay suitably be a conventional portable
or laptop conputer. Alternatively, a standard personal conputer (PC) nmay
be used. Such conputers are conmonly available, and are within the
fimanci al reach of 25 nobst notor repair garages. |In the preferred

enbodi ment, the conputer neans is a convent{gnal portable conputer 10 which
S preferably housed in a robust casing designed to withstand the harsh
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next test. If not, repair or trouble shooting instructions
are provided on the screen for the operator.

For operational parameters which can be measured by
the operator, the operator is able to ascertain whether the
particular sensor measuring that operational parameter is

10 operating correctly. For example, if the reading obtained
from a particular sensor is outside the prescribed range, the
operational parameter can be measured directly to ascertain
whether it is, in fact, incorrect or whether the sensor is
faulty.

15 By the process of elimination, the diagnostic-
equipment of the present invention can also be used to
ascertain whether the on-board microprocessor is faulty.

Furthermore, by suitable programming, the
dlagnostlc apparatus of the present invention can be used to

.éd“'test itself, i.e. to test whethegmtheﬂlhte;faee circuit is

operating correctly.

Figs™ 5 to 7 illustrate a” third embodiment of the
invention in which the input of the interface circuit is
connected between the on-board microprocessor and the engine

25 sensors. As shown in the schematic block diagram of Fig. 5,

the interface circuit 40 of this embodiment is connected to a
portable or personal computer ("PC") 41 via a coupling
circuit and receiver/line interface 42, a circuit diagram of
which is shown in Fig. 6. Circuit 42 provides optical

30 isolation between the PC and the interface 40, and converts

the signals to RS485 levels. The power for the RS485 signals
is received from the interface circuit 40 via the data cable.
The RS485 interface preferably has terminating resistors and
a filtering network on each input line.

35 The interface 40 is connected, via coupling circuit

W



6 (hereinafter referred to as the "manual" version), the interface device
"20 is connected to the engine 30 by neans of one or nore probes 25.
Typically, two probes are used, one probe being earthed, and the other
prdbe 25 being placed 5 manually at sensors at various |locations on the
engi ne. 30 under test according to progrqued I nstructions provided by the
portabl e conputer 10 on its associated di In a second enbodlnent of

the inventjgn, . %hg #Qﬁgile;@t he | onn%é‘%’ceq :LetVqu;e A2 5T, CPYe g e

mul tipin plug 1 nor Pe engi ne sensors to the on board
n1croproceEEthSGmﬂQﬁtfngﬁﬂm¢bpe@$ﬁuﬁ#%ﬂt?%eCEFF“éHglﬁéeI@P%#ﬂ%lng

enbodi ment sigh&€l i s At i 'ﬂ&tr%rlfl%quQ'éVbSEtZ@fltShGSVPd @ma wedoatical 'y’
bet ween t he vari ous Eoensordsd conn%ct ed

ress/data line
5 D1 Data clock
D2 Address clock

D3 Power line for opto-isolators

D4) The system is enabled when these lines are

) .
10 D5) ~high.

BUSY Return data (reads as BIT 7 on printer
status)
The signals fed from the coupling circuit 42 to the
interface 40 include ADDRESS/DATA, DATA CLOCK and ADDRESS
15 CLOCK, while the signals received from the interface 40
include RETURN DATA.

’ The other end of interface 40 is connected between
.. the plug or harness connector to which the engine sensors are
.connected,.and the on=board microvomputer.- A - T=connector 43
20 is used to- plug -into -the -harness connector and the socket
connected to the on-board computer. The T—coHnector 43 1is
typically provided in a variety of sizes and configurations

to suit different models of automobile engine controllers.
The interface circuit 40 is shown in more detéii in
25@1g. 7. In the illustrated embodiment,.the circuit has
forty-eight line control circuits 50 for switching between
the connections to the engine sensors and the on-board
microcomputer. However, it will be apparent to those skilled
in the art that the number of line control circuits can be

30 varied to suit the particular application of ths interface.

"

The forty-eight line control circuits 50 are housed on six
boards of eight circuits each. To connect the interface 40
to a particular orie of the 48 lines, the computer sends the
appropriate address data to interface 40 via coupling circuit
35 42. The address data is clocked and decoded and switched to
the appropriate address lines by addressing circuit 51.



to,the multipin plug, the swtching being cont'rolled by the 15portable
cconputer 10. In this manner, in order to diagnose the engine 30, the
operator need only renove the nultipin plug fromthe m croprocessor
controll er on board the vehicle and connect it, via a suitable connector

| ead or adaptor,to the interface device 29 The operational paraneters
nmeasured 20 by the individual sensors are fhen scanned sequentially and the

or ocesei ng *EREPAET ohhP Sghr Biidrer EMdre FRAsarid MHdat e SETRGEL el T
t he di agnostaetiohtleer comre thé pohealslic coapds eto2Fpich &g ghdde olis
ange, Thi o e R B e o s oot 01 ot ons o by
crpir1 cal AR 26 B, the| pLERE FLBELIARIRBEEPa! FOnERABaTARRt er 1 vi L hi n
the predsterm ned raagecahhbedsegnoshikig. 7, the line control circuits
50 each include two relays connected in series between the
sensor harness connectcr 45 and the on-board computer
connector 46 for each of the forty-eight lines. A connection
(MUX) is also made to each line via a 100 K ohm resistor. By
10 appropriate switching of the pair of relays interposed in
each line, various measurements, of sensor outputs can be
taken, and information can be fed to the on-board computer.
When both relays in the selected line are “OFF",
there is a direct connection between the sensor of that line
15 and the on-board computer, i.e. a normal connection. Voltage
and pulse measurements can be taken on the line in this mode,
the measurements being output on the MUX OUT line. For
voltage measurements,.the output voltage is_ fed to a first .
input of a two-input multiplexer 52, ‘the output of which is
20 conﬁécted to a 12 bit analog-to-digital converter (ADC) 53.
The digitized voltage reading is fed into a 12 bit shift
"'fegister 54 from which it is transmitted to the RETURN DATA
line to the coupling circuit 42 and hence the BC 41. -
. If pulse frequency measurements are to be taken,
25 the output pulses on the MUX OUT line are first compared with
a threshold level, and valid pulses are then counted by a
suitable counter/timer circuit in signal processing circuit
55. The counter/time circuit used in the illustrated

embodiment is a triple counter/timer comprising: a first

v

30 timer set up as a rate generator dividing a 1 MHz signal down
to 10 KHz; a second timer set up as a hardware triggered
monostable using the 10 KHz as a reference, to produce a one
second output pulse; and a third timer set up as an event
counter, gated, for one second, by the first timer and

35 counting the valid pulses received. The pulse frequency is



30programwi || then proceed onto the next operational paraneter. However,
-if the measured paraneter is outside the allowable range, the programwil |
then switch to tutorial node to instruct the operator the required steps to
| ocate and rectify the fault. 35 In a third enbodi nent of the

i nvention, the input 7 of the interface device 20 is interposed between
the multipin plug and the on-board m croprbzessor so that not only can
sensor infoQﬂption be received by the diagnostjc conput t al.so test

b
val ves can be efnedpr‘?fﬁ%doﬁde%’red nunhare 1Hfpr BLeERHr F %e(i#e%kgf‘hém& opRf

operation tF®cenf. inteAvarbhenmatic circuit diagramof the interface device

" The interface circuit 40 can also be used to

measure pulse length. In this case, valid pulses are fed to

5 the signal processing circuit 55 where the triple
counter/timer is set up such that the first timer serves as a
rate generator dividing 1 MHz down to 100 KHz, the second
timer is not used, and the third timer is set up as a pulse
counter, preloaded with a maximum count. When the rising

10 edge of the pulse is detected, the 160 KHz pulses from the
first timer decrement the count in.the third timer, until the
falling edge of the pulse is detected. (No further pulses
are allowed through to the counter when the next rising edge

is received unless the pulse length measuring circuit has

15 been reset). To ascertain the length of the detected pulse,
the final count in the third counter is deducted from.the

maximum count originally entered into the counter to obtain

the length of the pulse Ln.ineremeﬁts—ofJOJGI:miiliseconast"'“'”"

When the pulse length measuring circuit is reset, the third

20 timer is again preloaded with its maximum count:'

' The pulse frequency and/or pulse width measurements
are  transferred to DATA TX shift register 56 for transmittal
to the PC 41 via the RETURN DATA line. -

. Open circuit voltage and pulse measurements can be

25 taken by leaving the first relay (left hand relay as
depicted in Fig. 7) OFF, i.e. maintaining the connection to
the on-board computer, while switching ON the second relay
(the right hand relay as depicted in Fig. 7) to break the
connection between the sensor line and the on-board computer.

v

30 To measure resistances, the relay states are
reversed. That is, the second'relay is switched OFF to
maintain the connection to the sensor line, while the first
relay is switched ON to break the connection to the on-
board computer and connect the sensor line to the COMMON

35 LINE. Resistance measurements between the sensor line and



15;0of the nanual version is shown in Fig. 2. The interface device 15 is
-basically a conputer controlled nultinmeter which can operate as a

vol tmeter, ohmmeter or tachoneter, together 10 with an anal og-to-digital
converter 22 for converting nmeasured valves to digital form The interface
circuit can be constructed at | ow cost aanej S suitable for small notor
repair workshops. In use, control data is fed fromthe portable 15 conputer

10 to the i c [ rcuit 15, al "data. i n" . cln_ser] r
This contr O§|£Ig{’ll gr ﬁ%{l o%a:kse’hsje'&i gg‘qﬁr d'{/?dcalae' t thor gﬁ%ﬁ?e _\%f{%é%g ;%trm:e
control outPpedsurement3 a4 2.5 aeoltt eefexspachvobiagnbs ngrWisashes sz hes,

1 i 2',3", ék'ﬁiﬁ&l a4 PVV:ﬁ:.kl?uhdmtaerJeq(é% 2a Bﬁe?@ﬁrﬁ&@ ﬂﬁbvf?ﬂ?éﬁ(‘jidﬂaﬁhuc?& to
oLt TR o GRS ST (WD thes sLamlud e, sehenatl
rel ays. sloveypicallyw lthebekrapfin ecésistthnce is switchable between 25 K
ohm and 250 ohm. The voltage on the COMMON line is fed tof
the second input of two-input multiplexer 52 and converted
to 12 bit digital format by ADC 53. The digitized value is
fed to shift register 54 for transmission to the PC 41 via
10 the RETURN DATA line. The unknown résistance on the sensor
line is calculated using the following formula:
R (unknown) = (measured volts COMMON/2.5 volts COMMON) X
known resistance.
The interface 40 also has connections for four
15 manual probes 60 which can be placed at desired locations on
the engine under test. Either 12 volts or ground can be
selectively switched to the probes under computer control by
" the interface 40. As shown in Fig. 7, the probe connections
60 are e;ch connected to addressing circuit 51 via a
20 respective pair of relays 61, 62. If the relay 61 of a
particular probe is operated, that probe is connected to the
12 volt battery voltage of the vehicle. On the other hand,
if the relay 62 of a probe is operated, the respective ﬁrobe
.1s connected to the vehicle ground. All probe connections to
o5 the addressing circuit 51 are protected by five Amp thermal
circuit breakers 63.
It will be apparent to those skilled in the art
that the interface circuit 40 enables the computer to address

2. particular sensor line and take measurements of voltage,

"

30 prulse width and/or freguency and resistance on that 1line
simply by switching of the appropriate relays. Selected
voltages can also be switched to the manual probes under
computer control. Thus, under control of appropriate
software on PC 41, the interface circuit 40 is able to

35 automatically access all sensor lines and take the



by.those skilled in the art that other suitable sw tching devices can be
‘used, e.g. solid state switches.) 25 By way of exanple, if the
battery is to be tested, the portable conputer 10 will instruct the
operator to connect the probe 25 to the positive -battery termnal, the

ot her probe (not 'shown) being earthed. The conputer 10 will then transmt
the required control data to the interface75 30 via line 21 so that
switch 1' will be closed, and the remaining switches 2', 3, 4" wll be
opened by ceppropriateureadings, 3whilcheapecthesn| yelayedt backntimethet R

vol tage sengggd By 1 &9, M be fed directly to the anal og-to- digital
(A/D) converter Zﬁeﬁfgﬁ}n t%&é%ﬁﬂ%&"ace. (The 35 interface device 15.

sui t abl y Con'pri ses ap%‘ﬁ%?}ﬂ?%‘@@an‘g]mgﬁensor lines can be isolated',‘ and
: specified values can be fed to the on-board microcomputer

5 ‘with resultant monitoring of the microcomputer output as
evidenced by the engine performance. In this manner, the’
diagnostic system of the abovedescribed embodiment is able to
not only locate faults in the engine sensors, but also in the
operation of the on-board computer.

10 ‘The foregoing describes oﬂi&nsome embodiments of
the invention,.and modifications which are obvious to those
skilled in the art may be made thereto without departméﬁt
from the scope of the invention as defined in the following
claims.

W



angd shaping circuits (not shown) to place tWe measured v '
-suitable condition for A/D conversion). The ‘nmeasured vol '?Qmﬂullﬂmulm“l“l
converted to digital formand fed, in serial data format, to=t agomput &r- *
10:via line 23. The 5 value of the battery voltage will then be conpared
with a predeterm ned range previously inggt to the conputer. If the
nmeasured battery voltage is outside the all owabl e range, a FAULT nessage is
di spl ayed eflathe.: screen. If not, the conputer proceeds to the next test.

For exanpl?, |0 it may then display instructions to the ogerator to start
the enginel-with t hefPPopatnus &;Hmﬁiéﬁ%°§6ﬁﬁeé¥bdl?BeFﬂé pFanbYgti@R i nal

of the bateaginelurtg tbpadataadysnpriditigoaddgutent anéang aadicRargnng
Lot ho9s, ShabalERPEEHERA LR A Dull 5 SO BRE AR e RS 5 e
. under test; and an interface device operatively connected
between the computer means and the input means; wherein the
interface device comprises:
multiple mode measurement means connectable to the
input means, the measurement means being
responsive to control daﬁa received from the
computer means to switch. to a selected measurement
mode,
analog-to-digital converter means for converting a
measured value of a selected operational parameter
to digital form, and _
output means for outputting the digitized measured
value to the computer means;

“wherein in use, the computer means is programmed to perform a
diagnostic comparisdn of the measured value with a
predetermined operating range and to display the result of
such diagnostic comparison.

2. Apparatus as claimed in claim 1 wherein the
computer means is a general purpose personal or portable
computer.

3. _ Apparatus as claimed in claim 2 wherein the
operable modes of the measurement means include voltage,
frequency and distance measurement.

4. Apparatus as claimed in claim 1, wherein the input
means comprises at least one probe manually positionable at

v

selected locations on the engine.

5. Apparatus as claimed in claim 1 wherein the engine
is provided with a plurality of sensors connected to an on-
board microcomputer via a multiwire connector, and the input
means comprises connector means for connection to the
multiwire connector, the interface device further comprising



par amet er bei ng checked sequentially to ensure that it is wi

prescribed range. - |f the operational parameter to be check lwmﬂmmm”m
formof a resistance (e.g. if it is necessary to test for op

circuits), the interface device 15 is switched to ohmeter node. The

control -information fed by conputer 10 alo line 21 w il _cause' t he control
outputs to close switches 1' and 4', and open all other switches. A

reference Zavdﬁﬂﬂehiwgefc)ue%@epye%g,&&la,é ef 8T RRAL LIS 85 8HCEE K | P.ner der
to derive aclsn%wg current This current is fed via swtch 4 and probe 25

to the resista eﬁm“\?@%a%%r%%ﬂ“%\?%@s‘iﬂ‘i‘?% Ve ARASHERRENT smeans
proporti onaloft shehénteafacedieese st €6 Cehe iengimeuisensokhe A/ D converter 22

wherein it les 30 convgppedalg SELi ahodhahteh LOLIANdLE0.L0 CRIPMSILO

via output line 23 erence v a e derive fom a
reference vdis FEVdAedumithi ehipd uxied iyt eﬁf a@esors connected to a first

multiwire connector which is normally connected to a mating
second connector linked to an on-board microcomputer, the
input means comprising a multiwire intermediate connector
connectable between the first and second connectors, thé
interface device further comprising a plurality of switching
circuits responsive to control data from the computer means
for selectively connecting the measurement means of the
interface device to the sensors and the on-board computer.
7. Apparatus as claimed in claim 6 further comprising
coupling means connecting the interface device to an
input/output port of the computer means, the coupling device
including electrically isolating optical coupling devices.
8. _ A method of diagnosing an internal combustion
. engine using the apparatus of claim 1, the method comprising
the steps of sequentially measuring selected opeEational
parameters of the engine, providing the measured values to
the computer means, performing a software comparison of the
measured values with respective predetermined ranges stored
.in the computer means, displaying the results of such
comparisons on the computer display, and displaying tutorial
instructions on the screen for repair or troubleshooting in
the event that the measured values do not fall within their
‘respective predetermined ranges.
9. A method as claimed in claim 8, wherein the
computer means is a general purpose or portable computer.
10. A method as claimed in claim 8, wherein the
measuring step comprises (i) transmitting switching control
data from the computer means to the interface device to
switch the measurement means to a selected mode, and (ii)

converting the measured value to digital form.



device 15, or froman external source. |If engine speed is t| ‘“ﬁ“IMM‘ ‘Iumm
. the interface 35 device 15 is switched to tachoneter nnde II

‘9 switches 2' and 3' are closed, and all other sw tches are* oﬁén

roe

25 is placed on a source of periodic pul ses dependant on engi ne speed (e.qg.

by connecting to a spark plug, ignition,goil or speed sensor).

periodic pulses 5 sensed by probe 25 are fed to a pul se tachoneter

The

C} rch t 261which pfPDVﬂdiQfodﬁraé)lEMme\dokhaGQa@ﬁ\OfBQ& trhepalnt ﬁhbh@rﬂ‘dzewlﬁmy

of the in The t volfage is fed via s t he

i nput of fﬁnbggfﬁ%%ivz+?%r ggéth % %Eﬁﬁ??cﬁﬁﬂ&ﬁ?ﬁ%ﬁ gosgrléﬁldlglta

forn1amjbggmﬂ)mhgrocomputer, and the input means comprises an
intermediate connector connectable between the sensors and

the on-board microcomputer, the measuring step further

comprising (i) transmitting switching control data from the-
computer means to the interface device to (a) switch the

input of the measurement means to a selected one of the

sensors and/or the on-board microcomputer, and (b) to switch

the measurement means to a selected mode, and (ii) converting

the value measured by the measurement means to digital form.

12. Apparatus for diagnosing an electronically fuel

injected internal combustion engine having a plurality of

sensors thereon connected to an on-board microcomputer or

like device, the apparatus comprising a general purpose

computer; input means for connection to the sensors and/or

on-board computer; and an interface device operatively

" connected hétween the computer and the input means;
the 1nterface device comprlses

wherein

measurement means adapted to operate in a selected

one of a plurality of measurement modes in accordance with

. control data received from the computer;

analog-to-digital converter means for converting

measured values to digital form for processing by the

computer; and

output means for outputting the digital measured

values to the computer;

wherein in -use,; -the computer is programmed to

perform a diagnostic comparison of the measured values with

14

respective predetermined values or ranges, and to display the

result of such diagnostic comparisons.



10 COnputer 10. The switching of the interface device 15 between its
‘various voltneter, ohmeter and tachoneter nodes is perforned autonatlcally
under conput er control, and the transm ssion of control and neasurenent
data between the 15 interface 15 and conputer 10 is governed by a suitable
‘clock or timng nmechanism The operator need only shift the probe 25 as
instructed by the programmed instruchi;@gs displayed on the screen of the
conputer 10. No special training or expertlse is required, and the
required tutorial information 20 is able to be displayed on the screen of
conputer 10. The all owabl e range of sel ected operational paraneters for
various nodels of vehicles, together with diagnostic subroutines and
tutorial information, can be .stored on individual floppy discs, and

pur chased as and when 25 required. s information can then be | oaded

into the : //,/4‘ : _ .
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conputer before testing. It will be apparent to those skilled in the art
"that the foregoing provides a | ow cost engi ne diagnostic systemwhich is
sinple to use. 30 In the enbodinent illustrated in Fig. 2, the
prebe is shifted manually fromlocation to |ocation to neasure the required
operational paraneters sequentially. Al t hough the interface circuit is of
| ow cost design, the need to continuaf}y shift the probe 25 renders the

di agnostic 35 procedure sonmewhat |engthy. In order to obviate this

10 problem an automatic version of the interface circuit has been
designed, and is [llugtrated schematically in Fig. 3.
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The automatic interface 35 of Fig. 3 is adapted to receive control data in
. strial formfromportable conputer 10 5 along line 31. The seri al
-control data is converted to parallel formby a serial-to-parallel ,
converter in circuit 32 wthin the interface 35. Mre specifically, the
incomng serial data is converted if)1g eight bit parallel form The first
six bits are fed via lines 33 to an A/D converter 34, 10 and are used to
sel ect one of a possible 64 input lines to the A/D converter 34. The
seventh and eighth bits are used to control the switching of four swtches
1", 2", 3", 4" to select the appropriate node a nultineter circuit 36, in a
-simlar manner to that descriheqd abovegwith reference to 15 Fig. 2. In
other words, for the sel ectedgfe éﬁ\a possi ble 64 input lines, the circuit
36 will nmeasure the input_as a Yaltneter, ohmmeter ar_tachonmeter as the

case nmay be. The input lines qre conhected to a nultipin socket 29.
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- T~ 1In use, the multipin plug connected to the various 20 sensors on the
engine is disconnected fromthe on-board m croprocessor, and reconnected to
the nmultipin socket 29. Control data output fromthe conputer is used to
sel ect an appropriate incogirg—sensor line, i.e. the desired operational
paranmeter, and to swtch t(seam nmeter device 36 25 to the appropriate
measur enent node for the sk oper?aﬂ-’onal paranmeter. The neasured val ue
on the selected Iine is convertgd into digital formby A/ D converter 34,
and fed (in parallel forna wng Lines 37 to a parallel-to-serial 30
converter within circuit SFWPTﬁéLEQtp t serial data is then fed to
conputer 10 al ong out put IMS& Thej switching of the A/D converter 34
and S/P, P/'S converteks controlled by a clock 39. Using the
automatic interface c'ircwt 35 pf F|g 3,

y
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35 1+ he conmputer 10 can rapidly nmeasure the operational paraneters of the

‘engi ne under test since no manual relocation of the probe is necessary. The

measur ed val ues of the operational parameters can be processed i nmedi ately

and’ or stored for subseque 5 anal ysis. The conputer can automatically

conpare all neasured oper af paraﬁ?ggrs with their respective all owable
a

ranges, and provide a su nal ysis at the end of the
di agnostic routine. Ateg y epnput er may 10 neasuge each
operational paraneter i karand di{spl ay the resuLgf?%f)the

di agnosti c conparisons e €en seqyentially. Morapverj using a
Sel ect Menu, a particul @
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sepsor or operational paraneter can be checked. The automatic interface 35
‘-is sinple to use since 15 the operator need only connect it to the on-board
pl ug. Suitable adaptor sockets can be provided to suit the various nodels
of -plugs found on on-board m croprocessors. A flow chartof an exanpl e of
sui tabl e software for the co er 10 is shown in Fig. 4. The software is
both 20 di agnostic and tutor n nafid3e. In other words, it not only
locates the fault, but provideg repair instructions and troubl e shooti ng
advice. After the conpute oaded and the connections tested,
each oper ZONDMOK  par anet « Imm:smmxs 25 tested sequentially. As shown
ROUTTH battery voltage is first -checked.
| f the batROWER vol tage is mmmh prescri bed range, instructions are
provi ded fSS¥P%%epairing t heSu

.—‘-f-’-i—”

W
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chargi ng system of the vehicle. The earthing, ignition, 30 starter,
‘throttle sensor, air tenperature sensor, air flow neter, cool ant
tenperature sensor, the injectors, relay and power supply are then tested
sequentially. For each test, tytorial information is provided on the screen
of the conmputer to assi st terat 05 #é 35 underst.andi ng the test being
conduct ed. The operationa 12 pa é t

test is neasured and coppa |

er of the particul ar device under
a- predet erm ned range whi ch has
put er menory. |If the measured paraneter
e_program proceeds to the 5 next test.
Ast ructi ons

Is within the prescribep
If not, repair or troubte

"
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are provided on the screen for the operator. For operational paraneters
‘whi ch can be neasured by the operator, the operator is able to ascertain
whet her the particular sensor neasuring that operational paraneter is 10
operating correctly. For e e, if the reading obtained froma
particul ar sensor is outsi escri bed range, the operational

paraneter can be neasured ®Wirectly to®d3ertain whether it is, in fact,

i ncorrect or whether the ir 1 s faulty. 15 By the process of
elimnation, the diagnogtDESEY pnent of the present invention can also be
used to ascertain whet hejl INEERFACHOard mi croprocessor is faulty.

Furthernore, by suitabljeS¥] ranfri ng, the diagnostic apparatus of the
present invention can be 20Jtest itself, i.e. to test whether the
interface circuit[Ts upc.at}ﬁﬂ:ceche{!y.
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Figs 5to 7 illustrate
I nput of the interface
and the
t he
to a portable or personal

receiver/line interface 42,
Crcuit 42 prOV|des opti

m croprocessor
di agram of Fig. 5,

6.
interface 40, and c|
RS485 signals is reg
The RS485 interface
network on each inp
via coupling circui

a third enbodi ment of the invention in which the
circuit is connected between the on-board

engi ne 25 sensors. As shown in the schematic bl ock
interface circuit 40 of this enbodinent is connected
conpyter ("PC') 41 via a coupling circuit and

@ cuit diagramof which is shown in Fig.

30 |309313on betmeen the PC and the
= he power for the
rface CIrCUIt 40 vi & the data cabl e.

erabbgthnsxﬁgmn nating resistors apd a filtering
ne. 35 The interface 40|i s connect ed,

bei vdd bnnﬂk?ﬁﬁw nt e
pref

It

FAULTY & NEEDS
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13 42, to a parallel input/output port of the PC, for exanple a printer
‘port. In the illustrated circuit, the follow ng signal |ines of the
parallel 1/0O port of the PC are used: DO Address/data line 5

D1 -~ Data clock D2 Addpess—etqck D3 Power line for opto-isolators D4)
The systemis enabl ed Iinfﬁge) 10 _ D5) high. BUSY
Return data (reads as ‘f status) The signals fed fromthe

coupling circuit 42 to t el ude ADDRESS/ DATA, DATA CLOCK
and ADDRESS OPEN PORT '

(74

FIG 4G
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15 .LLOCK, while the signals received fromthe interface 40 include RETURN
DATA. The other end of interface 40 is connected between the plug or ‘
har ness connector to which the engine sensors are connected, and the on
board m croconmputer. A T-connector 43 20 is used to plug into the harness
connector and the socket connected to the on-board conputer. The
T-connector 43 is typigally provided ihtA3ariety of sizes and
configurations to suittdifferent nodel s of autonpbile engine controllers.
The interface circuit~§0 is shown in nore detail@in 25 Fig. 7. In the
illustrated enbodi nentg the circuit has forty- eﬁght line control circuits
50 for switching bet n the connections to the ®ngine sensors and the
on- board nicroconputerg‘“FmeW@T‘“rr”mr“+—be-apphrent to those skilled in
the art that the nunbé&f of lijne control} circuitsg&can be 30 varied to suit

the particul ar applicigion 0 ‘Thg iqferface = :
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The-forty-eight line control circuits 50 are housed on six boards of eight
crrcuits each. To connect the interface 40 to a particular one of the 48
| ines, the conputer sends the appropriate address data to interface 40 via
The address data is cl ocked and decoded and
switched to the appropriate addressébgpgs by addressing circuit 51. 14

coupling circuit 35 42.

Address lines EHl, EH2, EH3 are use

0 select the particular one of the

six cards to which the line is connected, while address lines A B, C are
used to select the desirked one of the eight |ines connected to that card. 5
As can be seen in Figy, & sthesliine control circuits 50 each include two

rel ays connected in skrize3 .oeEween the
w ¥ «5¥«55
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sensor

har ness connector 45 and the on-board conputer connector 46 for each

.0f the forty-eight lines. A connection (MJUX) is also nade to each line via

a_100 K ohm resi stor.

interposed in each |ine, various neagfirenents, of sensgg)qugpyt§ cgn
and information can b&g/12d to ararm

"CFFjE

t aken,

By 10 approprighte switching of th® pair of [eQays

relays in the selected line are

t he sensor

of that

line 15 and the o

t here

e

node, the nea
nmeasur enent s,
mul ti pl exer 52,
analog-to-digit
into a 12 bit
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lipe to the coupling circuit 42 and hence the PC 41. |If pul se frequency
measurenents are to be taken, 25 the output pulses on the MJUX QUT line are
first conpared with a threshold | evel, and valid pul ses are then counted by
a Suitable counter/timer circuit in signal processing circuit 55. The
counter/time «circuit used in the illustrgted enbodinent is a triple
counter/timer conprising: a first 30 tinmer set up as a rate generator
dividing a 1 Mz signal down to 10 Khgmgsgkagacond tiner set up as a hardware
triggered nost |l e using the 10 KHz as a reference roduig a one

t
second out p Ppﬁﬁ? s éﬁdP§°FHFF€ FPﬁepl§8P°ﬁbngsa8ne&?&ﬁfgebﬁﬁ ¥ Iueh eq,
for one secondecttpdt henginst elguimpedndrilh GrIdorsg ddmmectleidd el ses on-~

recei ved. ngEdekEEQESQSHEQEY | he apparatus uses a standard personal

or portable computer and a connector for electrical
connection to the sensors and the on-board computer. An
interface device is connected between the connector and the
computer to enable the computer to read the wvalues of the
operational parameters of the engine as detected by the
sensors, and to perform a diagnostic software comparison of
the measured values with predeﬁermined values or ranges.
The interface device is switchable to a selected sensor or
the on-board computer under software control from the
computer, and includes a multiple mode measurement device
which is also selectlvely switched to a desired measurement
mode by the computer The computer is then able to
selectively measure the operational parameters of the engine
" and test f.or correct operation, and display the appropriate
diagnostic or tutorial instructions for fault location and
re;tification. The computer is also able to feed data to the

on-board computer for testing same.

_ Figure 1

"
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15 then provided by the nunber of pulses received in the one second
infefval. The interface circuit 40 can also be used to neasure pul se

| S0 M

28

length. In this case, valid pulses are fed to 5 the signal processing
cticuit 55 where the triple counter/tiner is set up Sgeh—ttat—idre—fitsot
timer serves as a rate generator dividing 1 Mz down to HEFBAQENH%H?SHEEB
timer is not used, and the thiydytgmer is set up as a puljs¢ counter, :
prel oaded with a maxi num count. When the rising 10 edg f %Z?E%ﬂhﬁ%j
detected, the 100 KHz pulses fromthe first timer decre t I n
the third timer, until the falling edge of the pulse is
further pulses are allowed through to the counter when tle next
is received unl ess the pulse | ength neasuring circuit has
To ascertain the length of the detected pul se,

[ ]

Fising edg

Fig.1.

30
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the final count in the third counter is deducted fromthe maxi mum count
originally entered into the counter to obtain the |lengthaf the pulse in
iicrements of 0.01 nilliseconds. \Wen the pul se | ength g i S
réset, the third 20 tinmer is again preloaded with its ”U:¥?gﬁ?3nggt
pul se frequency and/or pul se mﬁdth measurenents are trgaéfekh%ﬁﬁﬁi DATAITX
shift register 56 for transmttal /zﬁg PC 41 via the TU PPbe.
Qpen circuit voltage and pul se neasu nts can be 25 taken_ hy leaving thé
first relay (left hand relay as depicted in Fig. 7) OFH, i.e. naintaining
t he connection to the on-board conputer, while switchin \
relay (the right hanq_relﬁﬁjas depicted in Fig. 7) to break the connection
bet ween the sensor |ime ane:the on-board conputer. 30 To measure

resi stances, the re *5@iyates are reversed. That is, the second rel ay
is switched OFF to.5) 3 e
o___
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mai ntain the connection to the sensor line, while the first relay is
switched ON to break the connection to the on- board cqap =¥
the sensor line to the COMON 35 LI NE Resi st ance ned
t he sensor line and 16 ground are taken in this node |
resi stance neasurenent, a 2.5 volt reference voltage is}s
swtch 57, through a sel ected one of.g g,.lénown resi stange
LI NE (whi ch has been switched to the ;2? r line). 5 p -
resistance is switchable between 25 K 'ohm and 250 ohm | The voltage on t
COVMWON line is fed to the second input of two-input nultptexer—5Zand
converted to 12 bit digital format by ADC 53. The digitized value i's

0
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fed to shift
DATA Fi ne.

tRe followi ng fornmula: R (unknown)

COVMON) X known resi stance.

under test.

Ei t her

The |nterface 40 al so has con
15 manual probes 60 which can be placed at desired | ocat}

qu

gijng

12 volts or ground can be sel ectivd ae %ﬁﬁéﬁgﬁq$ tihd
t

0

probes under conputer c by the |nb4V?é£e 40. As
rel a 62. If the relay 61 of a pa

respectlve pai r of

operated, that probe is co nected
vehicle. On the othger n T
respective probe .i sggéﬁﬁ@ék( %?q(g
to rrays
Functions
1
Display
Introduction
Screens

register 54 for transmssion to the PC 41 via 10 the RETURN
The unknown resi stance on the sensor |ine | SpcakGe

Ctl l Ullb rU|

[le) |:Lﬂ

to the 12 volt battery voltage of the
e relay 62 of a probe is operated, the
the vehicle ground. Al probe connections

Fig. 4A.
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25 the addressing circuit 51 are protected by five Anp the_[_ggl circuit
breakers 63. It will be apparent to those skilled in the }'ailfst Ihatng,,phegm,
imterface circuit 40 enables the conputer to address a p#gt A én‘se{q
li'ne and take measurenents of voltage, 30 pul se width and/ pr frequen ahdk
resi stance on that line sinply by swtching ﬁ? t he appropr | atzezFelay
Sel ected voltages can also be switchedq to t /#anual probe$ under conput,
control. Thus, under control of prlate sof tware of PC4T, the
interface circuit 40 is able to 35swWomatically access|_all..sensor..t-i-pes
and take the 17 appropriate reatling whi ch are then rel ayed back to
the PC If Earth
Routine not C
done run
Earths
!
o If Pulse
Ignition Routine not _@
Pulse done run
Pulse
If Starter Sig.
Starter Routine not =©
Signal done run
Starter Sig.
Throttle If T.PS.
Position Routine not ;©
Sensor done run TPS.
1
Air If Air Temp.
Temperature Routine not done =®
Sensor run Air Temp.
. -1t A.EM. Routine
ﬁ'r Flow not done run =@
eter AFM
3
Coolant If Coolant Temp.
Temperature Routine nof done ’—@
Sensor run Coolant Temp.
Injectors If Injectors
1,2, 3,6 Routine not done =@
5,6 run Injectors

J
Q



for diagnostic assessnent. Furthernore, the sensor lines can be isolated,
and specified values can be fed to the on-board ni cr oconput er..w-th
resul tant nonitoring of the m croconputer output as e B .Qmmﬂ§Wfﬁﬁﬂ§ﬂ:ine

per f or mance. In this manner, the, diagnostic system

enbodinent is able to not'only | ocate faults in the engije._s r byt
2r‘E€€ @reg.rg

n as defined ka—tRe—fotowWmg

also in the operation of the on-bQard co (pr. 10
descri bes only sonme enbodi nment § t he invention, and
are obvious to those skilled in
departnment fromthe sco el | p

cl ai ns. Dsspluy Interfuce

Switch Screen

Disptay Test
Procedure Set-
up Screen

Has
€S> Key been~ YES

pressed ?

End ProgrunD

Run Help

| Program for
appropriate

section
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Menu & select! .
Section to e

Run

<F2>Key been
pressed ?

S‘Run Interface
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& Ohms from

Computer print

i
Read Data

file for correct
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Run Repair
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correct?
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18 CLAI M5 1.

Appar atus for diagnosing an internal

t he "appar at us conpri sing conputer means havi ng an associ at ed di_spl.ay.

operatively connected between the conputer

wherein the interface device conprises:
connectable to the input neans
data received fromthe

contr ol
nmeasur enent node,
neasur ed val ue of a sel ect

means for connection to the engine under test; and an i[Rfig«f, } [
means and t hi ﬁﬁgﬁﬁﬁgg§§§§EEf
multipl e node asur ement negn
,asur means bgi hg 22EpBn¥P0e It o
CdiitEér neans to switchl{tp a selected
anal og-to-digit converter nmeans forjconverting a
form--—andd

Switch Screen

B ] A 3 ameter “to digital

conbusti on engi ne,

ut

Display Repair
Procedure Set-
up Screen

Has
<ESGKeybeen
pressed?

< [2>Key been
pressed?

Read Oata
file for correct
Specitications

1

Run Interface
Sub-routine &
read Resistance
from Sensor

Resistance
correct?

YES

End ProgrurD

Run Help
Program_for
appropriate

section

Menu
Sec

Run Spot-check

& select
tion to
Run

Fig.4E .




out put means for outputting the digitized nmeasured value to the conput
nmeans; wherein in use, the conputer neans i s progranme
di agnostic conpari son of the nmeasured value with a pre
range and to display the result of such diagnostic co
Apparatus as clained in claim 1 wherein the conputer

pur pose personal or portable .conputer. 3. Appanatius
claim 2 wherein the operabl e nodes of t h& sur enment '
vol tage, frequency and di stance neasureneht. 4. paratus a
in claiml, wherein the input nmeans conprises at | east obe manual |y
positionable at selected | ocations on the engine. 5. Appar atus as
claimed in claim21l wherein the_engine
]
Display Ohm

Meter on Screen

)

Explain Repair
Procedure

Has
Space Bar

been pressed?

Has

<ESC>Key been
pressed?

YES

Run Intertace
Sub-routine &

read Resistance End Procedure
in wires Q )

Explain that
Sensor is

Faulty & needs F/g4F

replacement

@nd Procedurg




Is provided with a plurality of sensors connected to an on-

boar.d it

m croconputer via a nmultiwire connector, and the input 3ﬁgﬂ§“3%m3¢[$ﬂﬁET
connector neans for connection to the multiw re connect —t acle
riol

devi ce further conprising 19 a switching circuit respopsive to C%E‘e

data fromthe conputer neans to selectivel 39&0 nect thelmpali? EfBn apst
of the interface device to the engine senso Appar at ys _as
claimed in claiml1l wherein the engi provi ded with & plurality of
sensors connected to a first rrultivvi onnector which i _
connected to a mating second connectof |inked to an on-board m croconputer,
the i nput neans % rising ajmuitowre Tt t:ﬂl | at e connect or
rol #bower Supply

Relay Routine not

Power done run Power

Supply Supply

Run Menu Program

YES
@d Prog ru@

(Interface)

Fi1g.4C.

<®

Open Port
read Voltage

or Resistance
r Pulse

!

Store Max.& Min.

Volts & Ohms

@d Pro cedu@

Fig. 4G.




t he interface devi ce

-

Pl SHEET

connect abl e between the first and second connectors,
further conprising a plurality of switching circuits res

data fromthe conmputer neans for selectively connecting t

means of the interface device to the sensors and the on- rd conputer.

Apparatus as clained in claim6 further conprising coupli DAEER 1996

connecting the interface device to an input/output port he conpd?gr
t he coupling device including electrically isolatijng-opttcat

nmeans,

coupling devices. 8. A method of diagnosifig an inteynal conbustion

engi ne using the apparatus of claim1, the method conprising the steps of
sequentially neasuring sel ected ogerational paraneters of {he engine,
providing the nmeasured val ues to the conputer neans, perfogsm ng a software
conpari son of the neasured values&i th respective predeter@i ned ranges '
stored in the conputer neans, dis@aying the results of sugh

o ]

: 2
RS — &
S —T v
2 3 2
(S0}
=
o l-L
A 55
—
=
| |
,f‘ 1~ 77
| v |
=~ :
| EJJJ l:"‘ , (W)
(04 .
5 =l .
| —
| ' 1
| _p I
I 23 |
>
L ___ 5%
<1V
N, AN
AN
= s
3 Q_l\
\ AN
AN




conpari sons on the conputer display,
val ues do not fall within their
A met hod as cl ai ned
pur pose or portable c
wherei n the neasuring St ep %rrpri
data fromthe conputerS n%:;l_?p t
measur enent neans to anselgchld y®ode,
value to digital fo?mau@ C20F=x
Dm<:’m

uter. 10

R

and displaying t -+AstT »
on the screen for repair or troubleshooting in the ev ﬂEP]LA@EMENX gggg!wed

respective predeterm

in claims8 whereinA}.j
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e interface device t
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is provided with a plurality of sensors connected to _—
m croconputer, and the input neans conprises an inter (ﬁHEET
connect abl e between the sensors and the on-board m crof

ohputer, the
measuring step further conprising (i) transmtting swifc |Qg2ﬁ P8t 995 datla
fromthe- conputer neans to the interface device to (a the |n|cut of
t he nmeasurenent neans to a sel ected one of the sensors|a oqdrd

m croconputer, and (b) to switch the nmeasurenent neansjto a sel ected node,
and (ii) converting the value neasured by the neasurenent neans to digital
form 12. Appar atus for diagnosing am/i,b ctronically fuel injected

I nternal conbustion engi ne having a pIuraI'ty?of sensors thereon connected
to an on-board m croconputer or |ike device, the apparatus conprising a
general purpose conputer; input neans for connection to the sensors and/or
on-board conputer; and an interface device operatively

' Fig.7
N\
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connegt ed between
devic€*conpri ses:
qQf @ plurality of
Feceived fromthe
‘converting measure
and out put neans f
conput er; wherein

_.diagnostic comparison of the measured values with res
val ues or ranges, and to display the result of such diagnostic conparisons.

t he conputer and the input neans; wh
nmeasur enent neans adapted to operat ¢
measur enent nodes in accordance witlf
conput er; anal og-to-digital
d values to digital formfor process$
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Title: COMPUTER-AIDED ENGINE DIAGNOS'T‘IC SYSTEM

1

ABSTRACT
Apparatus is provided for diagnosing an electronically fuel
injected engine equipped with sensors connected to an on-board
microcomputer. The apparatus uses a 8tandard personal or
portable computer and a connector for electrical connection to
the sensors and the on-board computer. An interface device is
connected between the connector and the computer to enable the
computer to read the values of the operational parameters of
the engine as detected by the sensors, and to perform a
diagnostic software comparison of the measured values with
predetermined values of ranges. The interface device is
switchable to a selected sensor or the on-board computer under
software control from the computer, and includes a multiple
mode measurement device which is also selectively switched to
a desired measurement mode by the computer. The computer is

then able to selectively measure the operational parameters of

-the engine and test for correct operation, and display the

appropriate diagnostic or tutorial instructions for fault
location and rectification. The computer ig also able to feed

data to the on-board computer for testing same.
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