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(7) ABSTRACT

An integrated diagnostic system includes interface connec-
tors to connect to a plurality of instruments/instrument
modules, including engine analyzers, gas analyzers, oscil-
loscopes, scanners, network connections, and/or other
desired peripheral modules. These modules advantageously
interface to the system through diverse parts, connections
and with various protocols. The system may connect to a
network, wired or wireless, for interfacing among processors
and modules, and with an internet connection for interaction
with remote resources including databases and expert sys-
tems.
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INTEGRATED DIAGNOSTIC SYSTEM

RELATED APPLICATIONS

[0001] This application claims the benefit of the filing date
of co-pending provisional application No. 60/289,116 filed
May 8, 2001; No. 60/291,622 filed May 18, 2001; No.
60/354,204 filed Feb. 6, 2002, all incorporated herein by
reference in their entireties.

FIELD OF THE INVENTION

[0002] A system diagnostic tool and, more specifically, an
integrated handheld diagnostic system.

BACKGROUND OF INVENTION

[0003] In order to conduct a diagnosis on a machine or
system, numerous diagnostic tools and testers must be used.
For example, when conducting a vehicle diagnosis, a gas
analyzer may be used for analyzing gas generated by a
vehicle to determine the operation status of the engine; a
scanner for connecting to a vehicle computer for interfacing
and receiving self-diagnostic codes; an engine analyzer to
obtain engine operational status, oscilloscopes for observing
signal waveforms generated by different vehicle compo-
nents, such as an alternator and/or a battery; and a battery
tester to determine the health/charge status of the battery.

[0004] Different vehicle models/makes may need different
diagnostic tools and testers. Every time a vehicle diagnosis
is to be performed on a different make/model, diagnostic
tools/testers used in a previous test/diagnosis must be
removed from the working space, and new diagnostic tools/
testers corresponding to the new vehicle under test have to
be brought in and installed. The removal and reinstallation
of diagnostic tools/testers consume a lot of time, with
reduced operation efficiency and productivity. In addition,
numerous signal lines connecting between the diagnostic
tools/testers and the vehicle create hazards and inconve-
nience.

[0005] Therefore, there is a need for a highly integrated
diagnostic system that is portable, easy to carry and use, and
highly flexible and expandable. There is also a need to
implement a central hub for receiving signals from various
signal sources and make the signals available for observa-
tion on a display. Another need exists for a modularized
diagnostic system that is easy to accommodate different
system makes/models.

SUMMARY OF THE INVENTION

[0006] An integrated diagnostic system includes interface
connectors to connect to a plurality of instruments/instru-
ment modules, including engine analyzers, gas analyzers,
oscilloscopes, scanners, network connections, and/or other
desired peripheral modules. These modules advantageously
interface to the system through diverse parts, connections
and with various protocols. The system may connect to a
network, wired or wireless, for interfacing among processors
and modules, and with an internet connection for interaction
with remote resources including databases and expert sys-
tems.

[0007] In accord with one aspect, the integrated data
processing system comprises a processor for processing
data, a first control key for moving a user selection in a first
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direction on a display, a second control key for moving the
user selection in a second direction on the display, a data
storage device bearing instructions. The instructions are
configured to cause the system upon execution of the
instructions by the processor to display a plurality of func-
tion buttons on the display, wherein one of the function
buttons represents a plurality of functions. Then, the system
receives a first signal representing depression of the first
control key moving the user selection to the function button
that represents the plurality of functions. The system then
receives a second signal representing depression of the
second control key when the user selection being moved to
the function button representing the plurality of functions. In
response to each depression of the second control key, the
system displays one of the plurality of functions at a time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
exemplary embodiments.

[0009] FIG. 1 is a system overview of the integrated
diagnostic system.

[0010] FIG. 2 shows exemplary connections between the
instruments/instrument modules and the integrated diagnos-
tic system using USB standard

[0011] FIG. 3 shows a data flow during data acquisition
from an instrument module.

[0012] FIG. 4 shows a first exemplary user interface with
signals provided by an oscilloscope module.

[0013] FIG. 5 shows a second exemplary user interface
with signals provided by an oscilloscope module.

[0014] FIG. 6A-6C show a flow chart of an exemplary
navigation methodology.

DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS SYSTEM OVERVIEW

[0015] FIG. 1 shows a system architecture upon which an
exemplary embodiment is implemented. The embodiment
uses an automotive service system for illustrative purpose
only. Similar principles and obvious variations may apply to
various types of systems, such as motorcycles, airplanes,
powerboats, machines, equipment, etc.

[0016] Integrated diagnostic system 100 is a data process-
ing system capable of processing data. The integrated diag-
nostic system may be a portable personal computer config-
ured to operate with operating systems, such as Linux,
Windows CE, or the like. The integrated diagnostic system
100 includes interface connectors for connecting to and
communicating with numerous instruments/instrument
modules, such as a gas analyzer module 104, a scanner
module 106, an oscilloscope module 108 and other optional
instrument modules 110, 112. The system has a display 101,
such as an L.CD display, and may optionally have a network
interface for connecting to a remote computer 200 and/or a
database 102 via a network connection 700. The network
connection is either wire or wireless, or both. The integrated
diagnostic system may connect to other data processing
system via the network connection 700. The data processing
systems may access data from the integrated diagnostic
system.
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[0017]

[0018] The integrated diagnostic system uses a modular-
ized design for working with different instrument modules.
The integrated diagnostic system may communicate with
other stand-alone instrument via proper interface modules.
The modularized design allows changing functionality by
changing modules connected to the integrated diagnostic
system. Instrument modules are designed according to the
requirements for its specific function, and each includes
specific modularization requirements appropriate to that
module. Proper software applications are need to work with
the instrument modules. Communication between the sys-
tem and modules can be achieved by using existing com-
munication standards, such as USB (Universal Serial Bus)
connectors, serial ports, parallel ports, or the like. Propri-
etary interface protocols/sockets may be used if desired.

Instrument Modularization

[0019] When developing in the Microsoft Windows envi-
ronment, coding techniques, such as COM (Active-X) com-
ponents and objects, may be used to create software appli-
cations. Applications themselves should expose an object
model to allow other applications to treat them as servers.

[0020] When developing outside the Windows environ-
ment without the benefit of COM, similar environment
specific facilities should be used to achieve modularization.
API level function call interfaces should be exposed through
shared libraries if possible. If shared libraries are not avail-
able link libraries should be used. If neither of these facilities
is available, separate source files can be used to achieve a
minimal level of modularity. Beneath these function call
interfaces appropriate OS specific facilities should be used
to accomplish the desired functions.

[0021] Client-Server Architecture

[0022] The integrated diagnostic system separates data
providers (servers) from data consumers (clients). This
modularization applies to both hardware and software com-
ponents.

[0023]

[0024] The logical separation of functions between data
servers and application clients is appropriate both within a
single computer and when the server and client reside on
different computers. When clients and servers both operate
in a Windows environment the COM interfaces may be used
for communication regardless of whether the server and
client are on the same machine or connected via a TCP-IP
network. These protocols will be implemented using TCP-IP
networking when the devices are connected with Ethernet.
Operating system specific transports may be used for com-
munications between clients and servers within the same
box.

a. Client—Server Communication

[0025] Servers connected to the client via USB or propri-
etary networks are integrated by first incorporating the
necessary OS drivers then building an appropriate user mode
interface to the application through the vehicle communi-
cations system.

[0026] b. Instrument Servers

[0027] Instrument modules obtain information about a
vehicle’s condition by monitoring certain parameters
obtained either by direct measurement or from controllers on
the vehicle. If the integrated diagnostic system is connected
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to other data processing systems, the information may be
accessible by those data processing systems in a normalized
format. Therefore, each instrument module, combined with
the integrated diagnostic system, serves as a data server
providing requested data or information to other data pro-
cessing systems. For example, a data server might supply
streamed data at the rate provided by the vehicle, or include
statistics such as min, max, and average value with an option
to provide the buffered data upon a monitored or manual
trigger event.

[0028] (1) Common Instrument Interfaces

[0029] Although vehicle measurements can be obtained
from a variety of sources, all of these sources communicate
with diagnostic applications using similar interfaces. Instru-
ment/instrument modules coupled to the integrated diagnos-
tic system communicate with their clients through a stream
of data similar to a TCP socket connection or RS232
connection. A standard packet protocol provides a messag-
ing interface on top of this connection.

[0030] Although different instruments/instrument mod-
ules with different capabilities may require some special
messaging capabilities, a significant number of the functions
are common between all instruments. These common func-
tions should be invoked using standard interfaces. The
application level protocols developed for integrated diag-
nostic system should be structured to support a standard set
of messages for common functions and an additional set of
messages that are specific to the device.

[0031] The architecture includes a standard mechanism
for locating and identifying the vehicle data servers that may
be available at runtime.

[0032] c. Application Specific Clients

[0033] A variety of clients will connect to the integrated
diagnostic system in order to obtain data and perform
specific tasks based on the data acquired to solve different
problems according to the user’s needs, such as fixing idle
rough idle.

[0034] The Instrument Network

[0035] The integrated diagnostic system obtains vehicle
measurement data from a variety of devices such as the
Scanner Module, Oscilloscope Module, Gas Analyzer Mod-
ule, or Engine Analyzer module. The instrument modules
may be connected to the integrated diagnostic system Dis-
play through Wireless, TCP-IP connections, USB connec-
tions, or through the proprietary Plug-in interface. FIG. 2
shows exemplary connections between the instruments/in-
strument modules and the integrated diagnostic system using
USB standard.

[0036] Diagnostic processes and displays must be associ-
ated with specific measurement data obtained from the
diagnostic instruments. The data elements and measure-
ments made available through instruments are identified by
a numeric id. Each instrument determines the specific mean-
ing, format, and context of each id. Some instruments may
require identification of specific vehicle characteristics
before some or all data elements may be defined. Generally
the combination of an instrument, vehicle, and data id is
sufficient to determine all necessary information related to
that data element such as type, format, units, etc.
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[0037] a. The Instrument Network

[0038] Since numerous instruments/instrument modules
may be connected to the integrated diagnostic system diag-
nostic unit through a variety of physical interfaces, the
instruments/instrument modules form an instrument net-
work connecting to the integrated diagnostic system.

[0039] A software application loaded during operation of
the integrated diagnostic system determines what instru-
ments/modules are available on the instrument network for
use by a diagnostic application running on the integrated
diagnostic system or a data processing system connected to
the integrated diagnostic system. The software application
reports the status of all modules connected to the integrated
diagnostic system, and handles requests for data from a
specific device connected to the network.

[0040] b. Instrument Identification

[0041] Since numerous of devices may be available on the
instrument network, a process for identifying the available
devices and selecting the appropriate device must be estab-
lished, such as those adopted in the USB standards. Devices
may be identified by a specific id or serial number, instru-
ment type (scanner, oscilloscope, gas analyzer) or instru-
ment module (scanner module or scanner smart cable).

[0042]

[0043] Since unpredictable time delays may be involved in
data transmission, certain data packets will need to be time
stamped by the instruments/instrument modules. This time
stamp provides relative time information. Data sequence
may be rearranged based on the time stamps. During con-
nection establishment, and at other times as may be appro-
priate, the integrated diagnostic system and the instruments/
instrunent modules will synchronize their clocks to take into
account network delays.

[0044] FIG. 3 shows a data flow during data acquisition
from an instrument module.

c. Time Stamping

[0045] d. Instrument Network Gateway and Pass-Through

[0046] The integrated diagnostic system may embody
some characteristics of a measurement device. Specifically
the integrated diagnostic system may provide facilities
through its communication interface to allow a data pro-
cessing system connected to it to retrieve and display
measurements from the vehicle through an instrument mod-
ule, such as the Scanner Module. A data processing system,
such as a PC, may connect to the integrated diagnostic
system Unit through an RS232 cable or a network connec-
tion, or the like. The integrated diagnostic system will need
to pass the data requests on to the scanner module and return
the results back to the data processing system.

[0047] Rather than creating or adapting a new suite of
protocols to address this requirement the Integrated diag-
nostic system display may provide for identifying itself as an
instrument device with the capabilities of its contained
modules and USB instruments that it is capable of reflecting.
Requests to it can then be routed through its Instrument
Network Manager and the results returned to the PC.

[0048] The Instruments/Instrument Modules

[0049] Although each instrument/instrument module con-
nected to the integrated diagnostic system will be designed
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according to the requirements for the specific function they
will perform, the instruments/instrument modules generally
include the following components:

[0050]
[0051]
[0052]

[0053] 4. Data Buffering Functions sufficient to
handled full duplex communication and continuous
data gathering. Data over sampling, filtering, and
glitch detection functions should be included as
appropriate.

1. Interface to the Instrument Network
2. Message Parser and Function Dispatcher

3. Data Acquisition Functions

[0054] 5. Data Normalization and Message Format-
ting Functions

[0055] 6. Response Transmission Functions

[0056] 7. Device Identification Functions

[0057] 8. Clock Synchronization Functions

[0058] 9. Device Maintenance Functions (Firmware
Update)

[0059] The message parser receives a message from the
instrument network and invokes the appropriate function
based on the message content. After completing the
requested action, the results and response data will be
formatted and sent back to the client through the instrument
network. When vehicle data is to be obtained, the instru-
ments/instrument modules will interface with the vehicle to
acquire the appropriate measurements. Once the measure-
ments have been taken, the data are time stamped and sent
as requested.

[0060] 1. The Scanner Module

[0061] The Scanner Module provides access to diagnostic
information and procedures available through a vehicle
controller using a predetermined protocol, such as OBD II.
The scanner supports a standard set of device identification,
clock synchronization functions, and device maintenance
functions.

[0062] 2. Oscilloscope Module

[0063] The Oscilloscope Module has to conform to the
general instrument architecture described above. The scan-
ner module needs to support a standard set of device
identification, clock synchronization functions, and device
maintenance functions.

[0064] Exemplary Hardware Specification

[0065] The hardware of the integrated diagnostic system is
a custom-built hand held computer featuring a Motorola
PowerPC based CPU with supporting RAM, EPROM, and
FLASH memory. User interface facilities include 640x480
VGA flat screen display, an embedded pointing device, Y/N
buttons, and screen control buttons. A 10 base T Ethernet
adapter, USB port, RS232 Port, Cardbus (PCMCIA) slot,
and IRDA emitter/receiver are also included.

[0066] Exemplary Software Specification

[0067] The reliability of the integrated diagnostic system
platform is enhanced through the use of CPU memory
models that limit memory access between active processes.
Software developed for environments such as this must
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maintain a clean separation between user or application
mode program and system or protected mode code. Appli-
cation logic executes in user mode where the effect of any
anomalous behavior can be limited. Low-level hardware
access must be performed within system code such as device
drivers.

[0068] Communications between a diagnostic application
and vehicle measurement instruments is based on standard
QNX I/O streams. Once connection is established, a device
stream is used for devices connected through proprietary
module interface and for USB devices. A TCP stream is used
for TCP-IP devices in order to ensure data integrity.

[0069] The Instrument Network Manager in the Integrated
diagnostic system handheld provides a centralized reposi-
tory for information about the instrument network. It builds
and maintains a list of available devices so that applications
may customize their operation based on the available data
acquisition instruments. If also provides functions that will
establish a connection to an available instrument of a
specified class, product type, or product id.

[0070] Vehicle Identification

[0071] This interface is similar to selecting a vehicle from
the list of recent vehicles, but instead of listing recent
vehicles a list of open repair orders is obtained form the
Shop Management server and presented to the user. When
the user selects an open repair order, the vehicle information
is obtained from the shop management severs and used to
identify the vehicle to the diagnostic application. Any addi-
tional information necessary to identify the vehicle suffi-
ciently to run a diagnostic procedure is obtained from the
used and sent back to the shop management system where it
is recorded in the vehicle’s history records.

[0072] Result Storage

[0073] When a vehicle has been identified from an open
work order, the integrated diagnostic system diagnostic unit
can send results to the shop management server which will
be associated with that work order. Any results that are sent
to the shop management server must have associated with
them a viewer. This viewer runs in the windows environ-
ment, displays and prints those results.

[0074] User Interface

[0075] The integrated diagnostic system uses a user-
friendly interface to provide easy navigation and intuitive
operation. An exemplary user interface is described in
Appendix 1.

[0076] FIG. 4 shows an exemplary screen display 30 with
an illustrative waveform obtained by an oscilloscope mod-
ule. The screen display 30 is set up in a single-trace display
mode, so that it has a single rectangular waveform plot area
31 for displaying a waveform, such as a waveform 43, along
a horizontal axis or trace. Displayed below the waveform
plot area 31 is a control panel area 32, including a number
of icons and indicators in rectangular boxes in which text or
other indicia may be displayed.

[0077] The lowermost row has a scope mode indicator 33,
which indicates the selected operation mode of the inte-
grated diagnostic system. In this case, the indicated mode is
oscilloscope.
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[0078] The control panel area 32 includes control buttons,
such as a Signal icon 35, which includes boxes 35a and 35b
respectively indicating the signals displayed in the two
traces of the dual-trace display scope when it is in dual-
scope mode. In each of these boxes, the user can select from
a plurality of different signal options, with different options
respectively corresponding to different ones of the signal
pickup leads 12. In this case, the signal displayed on the first
trace is the signal appearing on the “Pinpoint 1” lead. For the
box 35b, one of the available options is “OFF”. When this
option is selected, as in FIG. 4, the second trace is OFF, so
that the scope is operating in single-trace mode.

[0079] FIG. 4 shows several other control buttons: Pat-
tern/Sweep icon 36, which indicates a 250 ms fixed-time
sweep, Time indicia 37, which indicates the sweep time
scale, a Scale icon 38, which indicates the scale of the plot
area 31 along the vertical axis, and a Frame select icon 41,
which is used to select the frame of waveform, data currently
displayed on the screen.

[0080] Each of the icons in the screen display 30 repre-
sents a control button. The icons 35, 36, 38 and 41 may be
associated with a list of a plurality of switch options. Each
switch assumes one of these options at a given time. The
icon box may be considered to be a “window” in which is
displayed the indicium corresponding to the currently-se-
lected switch option.

[0081] Control keys are provided for users to input direc-
tion control. Users use the control keys to move a cursor on
the display, or move a user selection to toggle between
different display frames or function buttons. Examples of the
control keys are up/down/left/right keys, touch pads, joy
sticks, touch points, and the like. The following example
describes the operation of the user interface when the user
uses left/right/up/down arrow keys to toggle between the
function buttons to select desired function buttons. A user
selection of one of the function buttons may be represented
by highlighting the frame of selected button, changing the
color of the selected button, or displaying the selected button
is a way different from other buttons and the like.

[0082] In order to manipulate one of the icon switches
represented by the icons 35, 36, 38 and 41 the icon must first
be designated as currently active, rendering active the switch
or switches represented by the icon. Only one icon is active
at a given time. The active icon is indicated by emphasizing
it, i.e., by an intensified border drawn around the icon box.
For example, in FIG. 4 the box for the Frame select icon 41
is emphasized, indicating that it is active. A non-active icon
is activated with the mouse 22 by placing the mouse cursor
42 on the icon and depressing the left mouse button 26. Once
the icon is active, clicking the mouse button 26 will incre-
mentally index the list of options in the forward direction,
with one step or switch option for each click of the mouse
22. (In the case of the Frame select icon 41, only the integral
number part 48 of the frame number can be click indexed in
this manner.)

[0083] Some of the function buttons may correspond to a
plurality of indicia that are assignable to the function keys.
Only one indicia is shown at a time. The indicia may
correspond to functions or values that are assignable to the
function button.

[0084] As can be seen in FIG. 4, the waveform 43 is made
up of the digitized waveform data in frame -45.00, as is
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indicated in the Frame select icon 41. There is a plurality of
values that can be assigned to icon 41.

[0085] The integrated diagnostic system employs a two
mode operation to change assigned value or function to the
function buttons: a normal mode and a short-cut mode.
When using the normal mode operation, the user uses
left/right arrow key to move the user selection to icon 41 and
captures icon 41. The user then presses a “Y” key to confirm
selection of the icon 41. In response, a list of assignable
values to icon 41 will be shown. The user can then use the
up/down arrow key to change the value assigned to icon 41.
Upon the user finds the desired new value, the user will press
the “Y” key again to confirm change and selection.

[0086] Alternatively, the user can use the short-cut mode
to make selections. Under the short-cut mode, the user uses
left/right arrow key to move the user selection to icon 41 and
captures icon 41. The user then uses the up/down arrow key
to change the value assigned to icon 41. Each up/down
stroke may correspond to a value or function assignable to
icon 41. As shown in FIG. §, the user uses the up/down
arrow key to change the value of icon 41 from -45 to -10.
As soon as the new value is shown on icon 41, the integrated
diagnostic system changes the display according to the new
assigned value.

[0087] Since during the reassignment of the values, the
user is not required to push a “Y” key or “Enter” key to bring
up a list and another key stroke, such as “Y” again, to
confirm selection of the new assigned value, the user saves
several key strokes in selecting a new value. In addition,
since the effects of the newly assigned value is executed by
the system almost immediately, the user can observe if the
change fits his needs and determine if another new value is
required. The same control applies when assigning new
functions to a function button. As soon as the new function
name is shown or selected, the system executes the corre-
sponding functions immediately without the need of confir-
mations from the user.

[0088] According to another embodiment, the integrated
diagnostic system provides a user interface using a new
mechanism for users to navigate through the user interface
using direction control keys. The user interface includes a
plurality of control buttons arranged in horizontal rows. As
described above, a control button may include a list of
functions executable by the system or assignable values for
a certain function. Some functions in the list may further
launch another list to solicit user selections.

[0089] The user uses the left/right arrow keys to move a
user selection between the control buttons. Upon the user
selection is moved to the desired button, with proper time
delay, the list corresponding to that control buttons is
brought up automatically without any additional key strokes.
The user may then use the up/down arrow key to toggle
between listed items. Some of the items may contain a
sub-list that further lists available selections. If the user
moves focus on one of such items, the sub-list will be open
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up automatically without requiring any further key strokes.
Whenever a list is opened up, pressing the left key may be
designated as to close the list.

[0090] 1If the control button corresponds to a single func-
tion or if an item in focus does not have a sub-list, pressing
the right arrow key will enter selection of that function or
item.

[0091] According to the navigation methodology as
described above, since the navigation of the user interface
does not use keys other than the direction control keys,
navigation is made easy without unnecessary finger move-
ment. In addition, only limited key strokes are used to make
user selections. Thus, an user interface with easy and
friendly navigation experience is achieved.

[0092] Although the above exemplary embodiments are
discussed by using horizontally arranged control buttons and
left/right arrow keys to move between control buttons and
up/down key to navigation or indicate selections, the same
methodology may apply to vertically arranged control but-
tons with the exception that the user uses the up/down arrow
key to toggle between function buttons.

[0093] A flow chart illustrating the navigation methodol-
ogy is shown in FIGS. 6A-6C.

[0094] Embodiments discussed above also apply to dis-
tributing numerous types of data, for example, service data
for different types of systems, such as automobile, motor-
cycles, airplanes, powerboats, machines, equipment, etc.
Other types of data may include testing process, expert
database, software applications, drivers, update files, etc.
Those skilled in the art will recognize, or be able to ascertain
using no more than routine experimentation, many equiva-
lents to the specific embodiments specifically described
herein. Such equivalents are intended to be encompassed in
the scope of the following claims.

1-2. (canceled)
3. An integrated diagnostic system, comprising:

a portable hand held device having a display, control
buttons and parts for interfacing to modules configured
for carrying out designated test, the hand held device
including:

a processor programmed to be responsive to input
signals provided by the modules, for driving the
display to provide a user with diagnostic informa-
tion; and

a network port; and

a shop management server, having an internet connection,
wherein the processor is further programmed to inter-
face with the shop management server to receive and
supply diagnostic information to the server and remote
resources on the internet, selectively.



