Office de la Proprieté Canadian

Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

CA 2497709 C 2009/06/16

(11)(21) 2497 709

(12 BREVET CANADIEN
CANADIAN PATENT

13) C

(22) Date de depot/Filing Date: 1999/04/14

(41) Mise a la disp. pub./Open to Public Insp.: 2000/04/27
(45) Date de délivrance/lssue Date: 2009/06/16

(62) Demande originale/Original Application: 2 268 689
(30) Priorité/Priority: 1998/10/27 (US09/179,747)

(51) Cl.Int./Int.Cl. GOTM 79/00(2006.01),
GOTM 17700 (2006.01), GOTM 177007 (2006.01)

(72) Inventeur/Inventor:
ROTHER, PAUL J., US

(73) Proprietaire/Owner:
SNAP-ON TOOLS COMPANY, US

(74) Agent: SMART & BIGGAR

(54) Titre : SYSTEME DE DIAGNOSTIC DYNAMIQUE DE CONDITIONS D'EXPLOITATION DE DISPOSITIFS
54) Title: SYSTEM FOR DYNAMIC DIAGNOSIS OF APPARATUS OPERATING CONDITIONS

SCRT LIST BY R
CAUSE/TEST FRO

LOWEST RANK,

e

< .

(57) Abrégée/Abstract:

'CTED TEST

|STORE THE EOLLOVING
LOCAL DRIVE FOR LATER
TRIEVAL. VEHICLE 1D IN
SELECTED FADLTS,
- CURRENT CAUSE HAME,
CURRENT CAUSE RANK,
THIS DATA 1S COLLECTED DURL
THE $OFTWARE UPDATE Paosﬁss.
IT 15 USED T0 VALIDATE ASD
MODIFY RAKKING TC ALLOW THE
SYSTEM TO ADJUST TEST RANKIN
AS THE VEHICLE AGES.

PERFORNM

NO o4

A diagnostic platform Includes a processor, storage media and user interfaces, including a display screen, the processor being
coupled to engine analyzer hardware and adapted to be coupled to a scanner for downloading data from vehicle on-board

R N
RO TR S o
"'c‘-‘-.u:-:{\: . N7

P ' ] B 3 Nt /7 7
C an ad a http.:vopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//eipo.ge.ca oric B a7

OPIC - CIPO 191




CA 2497709 C 2009/06/16

anen 2 497 709
13) C

(57) Abrege(suite)/Abstract(continued):
computers. The system stores libraries of information regarding vehicle identifications, drivability symptoms exhibited by vehicles,

vehicle systernr

and component tests and service codes which can be registered by the vehicle on-board computer. System

software permits the user to input an identification of the vehicle under test and, in one mode of operation, displays a library of
faults, such as symptoms or service codes, from which the user can select those exhibited by the vehicle, whereupon the system
selects from the test library those tests pertinent to diagnosis of the causes of the selected faults and displays them In a
hierarchically ranked order based on likellhood of successful diagnosis of the faults. The user can then select and initiate any
displayed test. In other modes, the system Initially displays one of the libraries of system or component tests, from which the user
selects those deemed appropriate, whereupon the system highlights icons which can be selected for Initiating pertinent test
procedures. Selected test procedures may include links to the engine analyzer or scanner hardware or other appropriate test

modules.
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Abstract of the Disclosure

A diagnostic platform includes a processor, storage
media and user interfaces, including a display screen, the
processor being coupled to engine analyzer'hardware and
adapted to be coupled to a scanner for downloading data from
vehicle on-board computers. The system stores libraries of
information regarding vehicle identifications, drivability
symptoms exhibited by vehicles, vehicle system and component
tests and service codes which can be registered by the
vehicle on-board computer. System software permits the user
to input an identification of the vehicle under test andgd, in
one mode of operation, displays a library of faults, such as
symptoms or service codes, from which the user can select
those exhibited by thelvehicle, whereupon the system selects
from the test library those tests pertinent to diagnosis of
the causes of the selected faults and displays them in a
hierarchically ranked order based on likelihood of
successful diagnosis of the faults. The user can then
select and initiate any displayed test. 1In other modes, the
system initially displays one of the libraries of system or
component tests, from which the user selects those deemed
appropriate, whereupon the system highlights 1cons which can
be selected for initiating pertinent test procedures.
Selected test procedures may include links to the engine
analyzer or scanner hardware or other appropriate test

modules.
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SYSTEM FOR DYNAMIC DIAGNOSIS .
OF APPARATUS OPERATING CONDITIONS

Background of the Invention

The present invention relates genérally to test and
diagnosis systems for machines or other operating apparatus,
and has particular application to automotive vehicles,
ﬁarticularly vehicles poﬁered by internal combustion
engines.’ While the invention is described in the context of
an engine analyzer system, the principles of‘tﬁe present
invention are usable with other types of vehicle\diagnostic
systems, such as air conditioning testing and servicing -
systems, wheel balancing systems, automotive‘gaS'emissions
analysis systems, and the like, and are also usable with
non-automotive apparatus.

A number of different types of diagnostic tools have
been heretofore used to assist in diagnosis and repair'of

fault conditions in automotive vehicles. Such tools'include
engine analyzers, which are designed to monitor a variety of
operating conditions of an internal combustion engine, and
scanners for downloading data from vehicle on-board
computers. In addition, diagnostic tools may include such
standard laboratory-type tools as laboratory oscilloscopes,
digital volt-Ohm meters ("DVOM") and the like. Basically,
these various diagnostic tools fall into two.categories,

data providers and platform diagnostics, although some
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engine analyzers, such as that disclosed in U.S. patent no.
5,250,935, can i1nterface with scanners and can operate in a
mode simulating a lab scope and/or a DVOM.

Data providers (e.g., DVOMs, scanners and laboratory
oscilloscopeSf, simply give the user data, and the user must
determine his own diagnostic test procedures and
conclusions. Data provider tools rely completely on the
user’s abkility to dgcide which tocl to use and what to do
with the data provided, including selection of tests which
should be 'performed, interpreting the test results and the
like.

Platform products, e.g., engine analyzers, are
typically high-end systems capable of performing a variety
of different types of tests. They may provide the user with
automatic test sequences that systematically test the
vehicle in a particular order and then provide diagnostic
conclusions based on the test results. Platform produ;ts,
such as engine analyzers, are usually focused on'particular
types of problems or particular vehicle systems. They may
take considerable time to hook up all the necessary leads
and perform the comprehensive tests, and the user must

decide which product to use and how the test data should be

integrated into an overall diagnosis. i

There are also information systems avallable as stand-
alone software packages which provide service and repailr
information for a wide variety of automotive vehicles.
However, such products are difficult to navigate through to

find the information needed for diagnosis and repalr and

RPN -n.c-;g
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they are typically based only on original equipment
diagnostic information, and may not contain information on

problems experienced in the field over the life of the

vehicle.

Ssummary of the Invention

It is a general object of the invention to provide an
improved diagnostic system which avoids the disadvantages of
prior such systens yhile affording additional structural and
operating advantages.

An important feature of the invention is the provision
of a diagnostic system which will guide the user in the
selection of tests to be performed and minimize the
performance of needless tests.

In connection with the foregoing feature, a further
feature of the invention is the provision of a diagnostic
system of the type set forth which permits fault-based
selection of tests. ‘

Yet another feature of the invention is the provision
of a diagnostic system of the type set forth which
facilitates modification and updating to include information
on problems and cures experienced in the field over the life

of an apparatus under test.

Still another feature of the invention 1s the; provision
of a diagnostic system of the type set forth which can be
readily integrated with pre-existing diagnostic hardware
platforms.

In connection with the foregoing feature, a still

further feature of the invention is the provision of a
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diagnostic system of the type set forth which is modular.

vet another feature of the invention is the provision of

P

a diagnostic system of the type set forth, which is designed toO

rank selected tests in an order most likely tO successfully

diagnose an apparatus problem.

Another feature of the invention is the provision of a
diagnostic system of the type set forth which includes storage of

the results of user applications of the system, for later

incorporation in system updates.

According to a broad aspect, the invention provides a

method for a user to diagnose an apparatus, the method comprising:

receiving apparatus identification information; determining at least

one fault that can be experienced by the apparatus under diagnosis;

displaying at least one fault to a user for the user to select,
receiving from the user a selection of at least one fault, and using

stored apparatus diagnostic data and the apparatus identification

information to responsively build a list comprising at least one
cause and test, each cause and test having a rank; arranging the

causes and tests by the rank of each cause and test, displaying an

arranged list of the causes and tests tO the user for the user to

select at least one cause and test, and receiving from the user a

selection of a cause and test, wherein receilving the selection of

the cause and test comprises enabling selection of a cause and test

that is out of order from the ranked arranged list; and in response

to a test being performed to diagnose a cause of a fault belng
experienced by the apparatus, collecting test data comprising

vhether or not the test diagnosed the cause selected by the user as

5 cause of at least one of the faults selected by the user.

According to another broad aspect, the invention

provides a method of using a focus group to assign a rank to each

of a plurality of causes and tests for a particular
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tyvpe of apparatus, the method comprising: receiving from the
focus group a plurality of faults that can be experienced by
an apparatus under diagnosis; for each fault, receiving from
the focus group a plurality of causes; for each cause,
receiving from the focus group a test that a user can
perform on the apparatus to diagnose that cause as a cause
of the fault; receiving from the focus group a rank for each
one of the causes and tests; and storing the rank for each

one of the causes and tests 1n a system library for

apparatus diagnosis.

According to a further broad aspect, the invention
provides a method of maintaining a diagnostic library for
apparatus diagnosis, the method comprising: determining a
rank for each of a piurality of causes and tests for a
particular type of apparatus, wherein determining a rank
comprises: receiving from a focus group a plurality of
faults that can be experienced by an apparatus under
diagnosis; for each fault, receiving from the focus group a
plurality of causes; for each cause, receiving from the
focus group a test that a user can perform on the apparatus
to diagnose that cause as a cause of the fault; and

g—

recelving from the focus group a rank for each one of the

causes and tests; and storing the rank for each one of the
causes and tests 1in a system library for apparatus
diagnosis; and updating the rank for at least one cause and
test by receiving apparatus i1dentification information and
test data comprising whether or not the test diagnosed the

cause as a cause of a particular fault.
Brief Description of the Drawings

For the purpose of facilitating an understanding
of the invention, there 1s 1llustrated in the accompanying

drawings a preferred embodiment thereof, from an inspection
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of which, when considered i1n connection with the following
description, the invention, 1its construction and operation,
and many of its advantages should be readily understood and

appreciated.

FIG. 1 1s a functional block diagram of an engine
analyvzer 1ncorporating the diagnostic system of the present

invention:

FIGS. 2-5 are screen displays of an engine

analyzer
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incorporating the diagnostic system of the present

Lnvention; and

FIG. 6 is a flow chart diagram of program software for

the diagnostic system of the present invention

wn

Deécrigtion of the Preferred Embodiment
Referring to FIG. 1, there is illustrated a functional
block diagram of a diagnostic platform 10 incorporating the
diagnostic system of the present invention. The platform 10
'is illustrated as relating to an engine analyzer system but,
10 as was indicated above, it could be applicable to other
types of vehicle or non-vehicle diagnostic systems. The
platform 10 includes engine analyzer hardware 11, which
typically includes a test lead boom 12, including a
plurality of test leads and sensors adapted to be'connecfed
15 to various points of an associated vehicle engine, and
signal processing and conditioning hardware 13 for
interfacing the test lead boom to a central processor 1l4.
Preferably, the diagnostic platform 10 is a personal
computer ("PC")-WINDOWS®-based platform, such as that
20 provided in the Sun® System 500 engine analyzer sold by
Snap-on Diagnostics, but it will be appreciated that the
present invention would also be usable with other types of
engine analyzer systems, such as that disclosed 1in: U.S.
patent no. 5,250,935. The diagnostic platform 10 typically
25 includes a scanner 26 and a user interface 15, which may
include any one or more of different input/output devices,

such as a keyboard 16, a mouse 17, a display device or

" monitor 18, and a printer 19. Also, the diagnostic

platform 10 is typically provided with
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storage media 20, which may 1nclude one or more of a number
of different types of data and software storage devices,
including RAM 21, RCM 22, CD ROM drive 23, floppy drive 24
and hard drive 25. The dynamic dlagnostic system of the
present invéﬂtion includes program sotftware, which may be
resident in ROM 22, or which may comprise a stand-alone
software package stored in any of the media 23-25.

A fundamental aspect of the invention 1s that 1t
permits a fault-based drivability diagnosis of a vehicle.

In such a8 fault-based mode of operation, the system
essentially presents the user with a menu of problems
indicated, e.g., by symptoms or service codes, and the user
selects those problems which are pertinent to the vehicle
under test. Based upon the selected faults, the system then
presents the user with a list of tests to be performed to
diagnose the cause or causes of the faults. The tests are
listed in the order in which they would most likely be
effective 1n diagnosing the vehicle faults, based upon the
manufacturer’s information and previous repalr and diagnosis
experience with this type of vehicle.

It is a significant aspect of the 1nvention that the
diagnosis system 1s also capable of operating 1in other
modes, viz., a System Testing mode, a Component Testing mode
and a Manual mode. In all modes, except for the Manual
mode, the system will display one or more tests to be
performed on the vehicle from a library of system tests and
component tests, representative examples of which are

l1llustrated 1n the drawings.
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Any use of the diagnostic system of the present
invention starts with a vehicle identification procedure for
the vehicle to be diagnosed. Referring to FIG. 2, there 1s
illustrated a screen display 30 on the monitor 18, which may
be a digital Eomputer—type display. The display screen 30
has arrayed across the top thereof a series of icons 31-35,
respectively designated "Vehicle Identification",
"Test/Analysis", "Mgnual Testing", "Information", and "Shop
Management." For purposes of implementing the vehicle
identification procedure, the icon 31 is selected, bringing
up the screen display shown in FIG. 2. The system presents
the user with a number of questions or fields, such as model
year, make, model name, engine size and the like, each field
presenting the user with a menu of unique values from within
that field from which the user may select. The user makes a
selection for that field in a well-known manner, such as by
use of the mouse 17, and the value is added to the database
search key. FIG. 2 illustrates several such flelds and the
menus associated therewith. If a menu exceeds the length of
its associated display window, the menu can be scrolled 1in a
known manner by use of a scroll bar icon. The system 1is
dynamic as to the number of questions the user must answer
to identify the vehicle, allowing the user to identify the
vehicle without having to answer any unnecessary questions.

In order to perform system diagnostics, the vehicle
identification must have resolution to at least the year,
make, model, engine size, engine code, fuel type, ignition

type and air measurement type for the vehicle. During run
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time, 1f additional vehicle information 1s needed to perform
a selected test, the system will so 1ndicate and present the
user with the appropriate fields and menus to enter the
needed i1nformation.

Once the.vehicle is identified, the user 1s able to
begin diagnosis by selecting the Test/Analysis icon 32,
which brings up a screen display similar to that i1n FIG. 3,
presenting three different files 36-38, respectively labeled
"Symptoms", "Component/System" and "Service Codes",

corresponding to the above-described automatic diagnostic

modes. The "Symptoms" and "Service Codes" files relate to
fault-based modes. While the following discussion 1s wilth
respect to the Symptom Testing mode, it also applies 1n
general to the Service Code Testing mode of operation. If
the Symptom file is selected, it is displayed in the
foreground in the screen display 39 of FIG. 3. The screen
display 39 includes a menu 40 of symptoms which can be
exhibited by the vehicle type selected in the screen display
30 of FIG. 2, which vehicle type is 1ndicated at the bottom
of the screen display 39, as at 41. The list of symptoms
presented to the user is representative of i1ndustry symptom
diagnosis and supports the majority of drivability
complaints.

A standard list of symptoms 1s possible because
vehicles use common technology. They each have mechanilcal,
ignition, fuel, and computer components that function 1in

roughly the same manner. Other more specific symptoms can

usually be assigned to one or more of the symptoms from the
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main symptom list. For example, a specific symptom of
"Jehicle Dies When Taking a Right Turn" will f1t under a
less specific symptom of "Vehicle Dies at Idle/
Deceleration/Braking." The tests to diagnose the condition
are generall? the same. A standard list of symptoms 1s used
because it provides a consistent interface and diagnostic

philosophy for all vehicles, promotes technician and service

writer familiarization and provides the most efficlent
manner of developing a "closed loop" system of classifying
field data for symptoms and their causes, as willl be
discussed more fully below.

The user/technician selects one or more of the listed
symptoms which are exhibited by the vehicle under test, as
determined from an interview with the vehicle owner, for
example. Based upon the symptom or symptoms selected, the
display screen 39 displays a list 42, specific to the
vehicle under test, of possible causes of the symptom oOr
symptoms selected and a counterpart list of test procedures
to be performed to check for those causes. The test
procedures are listed in the order of the probability or
likelihood that the test will be successful in diagnosing
the cause of the selected symptom or symptoms, this ranking
being displayed as at 43.

In developing the test rankings, during development of

the software, focus group technicians evaluate each
individual symptom in the symptom list for each specific
vehicle. Based on their experience, they develop a list of

causes for each symptom and determine a test procedure the
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user should perform for each cause. They then assign a
number, e.g., between one and five, to each cause/test based
on:
(a) what tests are needed to determine the cause of
the symptoms;
(b) the order in which the tests should be performed
based on probability of cause; and
(c) 1n the event of more than one cause having equal
probability, ranking the test recommendations by
time needed to perform the test procedure, with
the shorter times ranked higher.
There are three main criteria in determining the

probability of cause for each test, being, 1n the order of

Lmportance:

1. hands-on experience 1in diagnosing the symptom
to cause/test relationship;

2. theory of operation knowledge of how the
system works and what systems or components
would be the most likely cause for each
symptom, and

3. ease of testing and/or time needed to perform

the test.

In assessing the rank, hands-on experience is the:ifirst

thing to be considered. The technician uses the following

as a guide in assessing rank:
RANK OCCURRENCE
5 See it all the time

4 Very common



10

15

20

25

CA 02497709 1999-04-14

11
2 Fairly common
2 Once 1t awhile
1 Seldom

If a test/cause is borderline between two rankinas, the
technician uées ease of testing as the determining factor.
For example: a particular symptom has a fuel delivery
test/cause ranking of between 3 and 4. If the test 1s easy
to perform, it 1is ranked a 4. If it i1s hard to perform, it
is ranked a 3. Ease of testing is only used as a trim
factor in assessing rank.

If the technician has no hands-on experieﬁce of a
symptom to cause/test relationship, the symptom 1is then
examined from a theory of operation viewpolint. Given the
technician’s knowledge of how the system operates and
comparing causes/tests to similar systems, the technicilan
examines if there are other probable cause/tests for each

symptom. If so, they are ranked as follows:

RANK PROBABILITY
3 Very probable
2 Probable
1 Possible

If a test/cause is borderline between two ranklngs, ease of

.testing is used to assign to rank, as outlined above.

If, as in FIG. 3, the user selects more than one
symptom and a particular cause is found to be possible for
more than one of the selected symptoms, the probability of
that cause being the root problem will increase and the

recommendation for the associated test will move higher 1n
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the recommended testing order.

Once the symptom or symptoms have been selected and the
associated recommended test procedures displayed, the user
can then select one of the displayed test procedures, and
the system will then launch or initiate that procedure.
While the screen display 39 lists a recommended order for
performing listed tests, the user 1s free to perform the
tests 1n any order desired.

The screen display 39 1ncludes along a bottom of the
screen a ‘series of icons 44-48, respectively corresponding
to system modules useful in performing selected test
procedures. The module icons shown in FIG. 3 are for
purposes of illustration only, and are respectively
designated "Quick Tip", "Analyzer", "Scan Tool", "Shop Key"
and "Lab Scope/DVOM."

Quick Tips are informational articles pertaining to the
symptom of the vehicle being diagnosed. This module
provides the technician with information that allows the
vehicle to be diagnosed with a minimum of hookup and
testing. These tips are created by the technician focus
groups based on their experience in diagnosing the selected
symptoms. This up-front information could save hours of
diagnostic type. When presented to the user, Quick Tips are
preferably ranked in the order of importance on a scale of,
e.g., 1-5, with 5 being most important. The ranking
differentiates between '"need to know" and "nice to Know"

information.

The Shop Key module is a test link that sends the user
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directly to a library of articles which provides the user
wlith pertinent OEM component test procedures.

The Analyzer module is a link to engilne analyzer
functions of the platform 10, while the Lab Scope/DVOM
module is a link to Lab Scope and DVOM functions of the
platform 10. The Scan Tool module 1s a link to functions of
a scanner, such as that sold by Snap-on Diagnostics under
the designation MT2500, which is adapted to be coupled to
the on-board computer of the vehicle under test.

Once'’'the user selects the test to be performed, the
system queries the test library database to determine which
module or modules support the particular test to be
performed and will then enable and highlight the
corresponding icons. When a test procedure is supported Dby
multiple modules, the system indicates which module 1is
deemed most effective by flashing the highlighted 1icon.
When the user selects a highlighted 1icon, the system
launches the appropriate test, or sends the user to the
corresponding article in Shop Key, 1f that is the selected
icon.

Launching of a particular test procedure will typically
include initiation of a sequence of screen displays
directing the user in the performance of the test procedure.
For example, if the Scan Tool module is being implemented,
the user will be instructed in the manner of connecting and
using the associated scanner for downloading information
from the vehicle on-board computer and/or controlling

operation of certain computer functions, all 1n a known
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manner. If, on the other hand, the Analyzer module 1s
selected, the 1nstructions for conducting the selected test
procedure will typically include connection of the test
leads to the associated vehicle, desired englne operating
conditions éﬁd the like, all 1n a known manner.

The initial diagnostic data for this system i1s gleaned
primarily from focus groups containing OEM technicilians
because their affi;iation with a particular OEM provides
them with concentrated exposure to those vehicles and
increased access to OEM information. However, their
experience is usually limited to vehicles less than three
vears old. Furthermore, their data tends to reflect the
problems that exist in the geographical area in which the
OEM technicians live. Data gathered in Florida may not
accurately reflect the problems existing 1in a‘Minnesota
winter. The diagnostics of the present system must change
over the life of the vehicle to more accurately reflect the
problems that occur as the vehicle accumulates mileage and
to gain a broader geographical application.

Accordingly, during symptom diagnosis a "Confilirm
Diagnosis" icon (not shown) may be made avallable on the
screen. When the user has performed a selected test
procedure and has found the root cause for the selected
symptom or symptoms, the user selects the Confirm Dlagnosis
icon. The system then displays-the symptoms that were
selected at the beginning of the diagnosis and the list of
recommended tests. The user can choose the test that found

the problem and that data is saved to a database. In that



10

15

20

25

CA 02497709 1999-04-14

15
database, the system stores the current vehicle, the
selected symptoms, the test name, and gives the test a count
of 1 for each of the selected symptoms. If a test other
than the recommended tests found the problem, the user 1s
presented with a text box to enter a brief description of
the test used to 1solate the cause of the symptoms. That
data is also saved. The saved data is retrieved via modem
during a software update process. Data verification and
analysis routines will screen the updated data. It will
review the number of times each cause/test diagnosed each
symptom for each specific vehicle. It will then compare
this ratio with the recommendations stored in the database
and will modify the ranking order as needed. Each of the
user-entered repairs will also be reviewed to determine if a

new test should be developed for the system or 1f the

information should be added as a Quick Tip.

FIG. 6 is a flow chart illustrating the software
program for the present invention using fault-based modes,
such as the Symptom Testing mode or the Service Code Testing
mode. First, at 50, the user enters vehicle 1dentification
information using a screen like that of FIG. 2, and then
selects the Test/Analysis icon, which will bring up a screen
(see FIG. 3) which will permit the user to select Symptom
Testing, Component or System Testing or Service Code Testing

mode of operation. When either the Symptom Testing mode or

the Service Code Testing mode is selected, the program
accesses the appropriate database at 51 and displays the

faults (symptoms or service .codes) to the user, as 1n the
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screen of FIG. 3. The user selects one or more faults at
52, and the system then, at 53, accesses the database with
the selected faults and buillds a list of applicable causes
and related test procedures. In this regard, the program
asks at 54 how many faults were selected and, if one was
selected it sorts the list at 55 by rank and presents 1t to
the user, as in the screen of FIG. 3, highlighting any tests
which have been previously performed at 56. If, at 54, more
than one fault was selected, the program at 57 would then
apply a ranking algorithm for each cause/test and again sort
the list, presenting it to the user in the form of a screen
such as that of FIG. 3. The user then, at 58, selects the
test to be performed, and the system at 59 spawns the test,
prompting the user, as necessary, 1n the performance
thereof. Then, the user will indicate, using an appropriate
1con (not.shown), whether or not the test identified the
cause of the fault, thereby to answer the program query at
60. If it did not, the program highlights that test 1in the
list at 61 and the user then selects another test. If the
test did identify the fault, the program at 62 stores that
information for later retrieval. The system then asks at 63
if testing is to continue. 1If so, the last test performed
is again highlighted at 61 and, if not, the system exits the
fault testing mode at 64.

In the Service Code Testing mode of diagnosis, the
operation is basically as described above, except that the
technician uses the vehicle service codes as the diagnostic

starting point, and the service codes are specific to
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individual vehicles. When the user selects this mode, by

selecting the file 38 at the screen of FIG. 3, the system

will allow two different starting methods. 1In the first

method, the system will prompt the user as necessary through
a service code access procedure and will utilize the Scan
Tool module to read the existing service codes from the
vehicle. The system then presents the user with a menu of
only the service codes currently stored in the vehicle’s
computer memory. The user then selects the code he wishes
to diagnose. In the second method, the technician has
previously retrieved the vehicle’s service codes. The
system then presents the user with a screen display

displaying a menu of all service codes possible on the

vehicle being tested. The user selects the code he wishes
to diagnose.

Based upon the service code or codes selected, the
display screen displays a list of possible causes of the
service codes selected and a counterpart list of test
procedures to be performed to check for those causes, Jjust
as in FIG. 3, above. The test procedures are listed 1in the
order of the probablity or the likelihood that the test will
be successful in diagnosing the cause of the selected
service code. Selection and launching of a displayed test
procedure is accomplished in the same manner described above
in connection with the Symptom Testing mode of FIG. 3.

System Testing mode, which can be entered by selecting
the Component/System file icon 37 at the screen 39 of FIG.

3, verifies operation of a vehicle subsystem and primarily
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uses engine analyzer system tests. In this mode of testing,
the system does not guide the technician in determining
which tests should be performed. The technician uses his
own experience to determine which tests are necessary and
the order ih.which they should be performed. Many of these
tests are procedural. Each test contains prompting and data
collection capability. At the completion of the test a
diagnostic engine gvgluates the data and presents the
diagnostic conclusions.

The ‘system initially, at screen display 65, presents
the user with a menu 66 of applicable system tests, as
illustrated in FIG. 4. The technician selects the desired
test from the menu and the system highlights the applicable
ones of the module icons 44-48. The user selects a
highlighted module and an associated test 1s launched. If
the user returns to the system testing screen of FIG. 4, any
test that has been previously completed will be shown 1in a
different color. This provides a mechanism to track which
tests have been performed in this diagnostic session. The
system prompts the user during the performance of each test
and also collects the test data and, at the completion of
the test, evaluates the data and presents the user with
diagnostic conclusions. Once the test 1s completed, the

system will indicate this fact, so that it 1s not

inadvertently repeated.
I1f Component Testing mode 1s selected, the screen
display 67 of FIG. 5 will appear. Component tests verify

the operation of a single component of the vehicle. In this
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mode of testing, the system does not gulde the technician in
determining which tests should be performed. The technician
uses his own experience to determine which tests are
necessary and the order in which they should be performed.

- The coméonent test database contains poilnters to tests
in the test library which apply to the specific vehicle
being tested. The list of'vehicle component tests available
to the user 1s dynamic, since each vehicle has potentially a
unique set of coﬁponents. The component test library may
contain Hundreds of component tests. The screen display 67
of FIG. 5, lists the available component tests for the
vehicle being diagnosed. The user selects the appropriate
component test. The system will highlight the applicable
modules using the icons 44-48 that support testing the
selected component. The user selects a highlighted module
to launch an appropriate test, in essentially the same
manner as was described above in connection with the system-

based diagnosis mode.

From the foregoing, it can be seen that there has been
provided an improved dynamic diagnostic system which
accommodates a number of different diagnostic methods,
including problem-based diagnosis, and which is easily
updated to take account of service experience with the
vehicle during its useful life.

While particular embodiments of the present invention
have been shown and described, it will be apparent to those
skilled in the art that changes and modifications may be

made without departing from the invention in 1its broader
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aspects. The matter set forth 1n the foregoing description
and accompanying drawings is offered by way of 1llustration

only and not as a limitation.
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CLAIMS:
1. A method for a user to diagnose an apparatus, the

method comprising:

receiving apparatus identification information;

determining at least one fault that can be

experienced by the apparatus under diagnosis;

displaying at least one fault To a user for the

user to select, receiving from the user a selection of at

least one fault, and using stored apparatus diagnostic data
and the apparatus identification information to responsively

build a list comprising at least one cause and test, each

cause and test having a rank;

arranging the causes and tests Dy the rank of each

cause and test, displaying an arranged list of the causes

and tests to the user for the user to select at least one
cause and test, and receiving from the user a selection of a
cause and test, wherein receiving the selection of the cause

~
p—

and test comprises enabling selection of a cause and test

frhat is out of order from the ranked arranged list; and

in response to a test being performed to diagnose

-

2 cause of a fault being experienced by the apparatus,

collecting test data comprising whether or not the test

e
fp—

diagnosed the cause selected by the user as a cause o0f at

least one of the faults selected by the user.

2. The method of claim 1, further comprising:
storing the test data to a data storage mechanilsm.
3. The method of claim 1, further comprising:

transmitting the test data and the apparatus

identification information to a remote system library.
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4. The method of claim 1, further comprising:

receiving an updated rank for at least one cause

and test from a remote system library.

5. The method of claim 4, wherein the remote system

5 library updates the rank of at least one cause and test.
6. The method of claim 1, further comprising:

recelving updated apparatus diagnostic data from a

remote system library.

7 . The method of claim 6, wherein the remote system

10 1library updates the apparatus diagnostic data.

8. The method of claim 1, wherein receiving apparatus

identification information comprises:

prompting the user to perform an apparatus

identification procedure.

15 9. The method of claim 1, wherein determining at
least one fault that can be experienced by the apparatus

under diagnosilis comprises:

using stored apparatus diagnostic data and the
apparatus i1dentification information to determine at least
20 one fault that can be experienced by the apparatus under

diagnosis.

10. The method of claim 1, wherein displaying at least
one fault to the user comprises accessing a knowledge

database that includes a library comprising a plurality of

25 faults.
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11. The method of claim 1, wherein building a list of
causes and tests comprises accessing a knowledge database

that includes a library comprising a plurality of tests.

12. The method of claim 1, wherein the rank of each
cause and test comprises a numerical indication of a
likelihood that a test will successfully diagnose a cause of

at least one of the faults selected by the user.

13. The method of c¢laim 1, wherein arranging the
causes and tests by the rank of each cause and test
comprises arranging the causes and tests from a highest rank

to a lowest rank.

14. The method of claim 1, further comprising:

using a ranking algorithm to further arrange each

cause and test.

15. The method of claim 1, wherein displaying the
arranged list of the causes and tests to the user comprises

indicating which tests have been previously performed.

16. The method of claim 1, further comprising:

prompting the user to perform the test on the

apparatus.

17. The method of claim 1, wherein the test data
further comprises an identification of the faults selected
by the user, an i1dentification of the cause and the test
selected by the user, and the rank of the cause and the test

selected by the user.

18. The method of claim 1, wherein a fault comprises a

symptom exhibited by an apparatus under diagnosis.
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19. The method of claim 1, wherein a fault comprises a

service code

for an apparatus under diagnosis.

20. The method of claim 19, further comprising:

reading from the apparatus any existing service

5 codes.

21. The method of claim 20, wherein reading from an

apparatus any existing service codes comprises:

prompting the user to perform a service code

access procedure; and

10 using a scanner module to read from the apparatus

any existing service codes.

22 . The method of claim 1, further comprising:

evaluating the test data and displaying at least

one diagnostic conclusion to the user.

15 23. The method of claim 1, wherein the apparatus under

diagnosis is a vehicle.

SMART & BIGGAR

OTTAWA, CANADA

PATENT AGENTS
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