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[57] ABSTRACT 

A computer-based apparatus provides access to complex 
technical information needed, for example, to maintain and 
repair complicated equipment, such as a motor vehicle. The 
apparatus includes a combined user interface and main 
control module to communicate With at least one remotely 
operated instrumentation module to control and obtain data 
by Wireless communication. The combined user interface 
and main control module has an interactive display Which 
enables the user to command the functions of the remotely 
deployed instrumentation module(s) and enter data through 
interaction With the display, as Well as executes diagnostic 
application programs and displays information to the user. 
Alternatively, a separate user interface module and main 
control module connected by Wireless communication can 
be provided, in Which the user interface module not only 
commands the functions of the instrumentation module(s), 
but also commands remote execution of diagnostic applica 
tion programs by the main control module. 

27 Claims, 12 Drawing Sheets 
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MODULAR WIRELESS DIAGNOSTIC TEST 
AND INFORMATION SYSTEM 

BACKGROUND OF THE INVENTION 

The present invention relates in general to test equipment 
and, more particularly, to diagnostic, test, and information 
systems. Speci?cally, one embodiment of the invention is 
directed to a modular Wireless diagnostic, test, and infor 
mation system comprising a combined user interface and 
main control module and at least one remotely controlled 
instrumentation module connected by Wireless communica 
tion. The combined user interface and main control module 
has an interactive display Which enables the user to com 
mand the functions of the remotely deployed instrumenta 
tion module(s) and enter data through interaction With the 
display, as Well as eXecutes application programs and dis 
plays information to the user. For example, one embodiment 
of the invention provides a combined user interface and 
main control module having an interactive display, in Which 
the user interacts With the display to access complex tech 
nical information employed to maintain and repair a motor 
vehicle and to control the instrumentation module(s) over a 
Wireless communication link in the form of a radio 
frequency (RF) local area netWork (LAN) to perform mea 
surements on the vehicle, as Well as to eXecute diagnostic 
routines and to display information to the user. Such a 
modular Wireless motor vehicle diagnostic, test, and instru 
mentation system is particularly useful to provide informa 
tion about a motor vehicle and vehicle diagnostics to the user 
during maintenance or repair of the vehicle. 

Although the modular Wireless diagnostic, test, and infor 
mation system in accordance With the invention is suscep 
tible to being used in various applications, it has been found 
to be particularly advantageous for use in the maintenance 
and repair of motor vehicles. Therefore, an embodiment of 
the modular Wireless diagnostic, test, and information sys 
tem in accordance With the invention Will be described in 
connection With service of a motor vehicle. HoWever, it is to 
be understood that the invention is not limited to motor 
vehicle maintenance and repair and may also be applicable 
to non-motor-vehicle applications. 

Today, there are various handheld testers used in connec 
tion With the maintenance and repair of motor vehicles. 
Typically, these testers comprise cables attached to a 
microprocessor-based handheld device. The cables, for 
eXample, include a cable that connects to the motor vehicle 
battery and another cable that connects to an electrical 
system or component of the motor vehicle to measure 
voltage and current, as Well as a data cable that connects to 
the engine control module to transmit information about 
operation of the vehicle to the handheld tester or to enable 
the tester to control various motor vehicle functions. See, for 
eXample, Tech 1, “Cartridges and Accessories,” September, 
1989. 

Unfortunately, the cables connected to the motor vehicle 
are typically heavy and stiff. Consequently, the handheld 
tester is unWieldy to operate, Which is inconvenient for the 
user. Furthermore, the display screen on the handheld tester 
is typically small, and, therefore, only a minimal amount of 
information can be displayed to the user. 

Regarding the display of information to the user, the trend 
in the motor vehicle service bay is toWard greater access to 
information relating to maintenance and repair. This trend 
requires the user to have a larger display screen incorporated 
into his or her test equipment and many connections to the 
motor vehicle, as Well as to a dealership local area network 
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2 
Historically, motor vehicle manufacturers have provided 

printed information regarding maintenance and repair. As a 
service to motor vehicle maintenance and repair personnel, 
the manufacturers provided published information, such as 
manuals, for reference during maintenance and repair of 
motor vehicles. HoWever, published information requires a 
large amount of storage space. 
More recently, motor vehicle manufacturers have pro 

vided maintenance and repair information on micro?che 
Which is periodically updated. Although micro?che reduces 
storage requirements, micro?che can be mis?led, and micro 
?che readers are cumbersome to use. 

Today, various computer-based systems eXist for provid 
ing motor vehicle maintenance and repair information. 
Some of these computer-based systems also comprise instru 
ments to perform measurements in connection With motor 
vehicle evaluation and diagnosis. For eXample, one such 
computer-based system is the Model HP 27070B 
(“TestBook”), available from Hewlett-Packard Company, 
Palo Alto, Calif.. See, “HP TestBook,” Hewlett-Packard 
Company Part No. 5091-9697E, September, 1993. 
The TestBook system is a portable integrated personal 

computer and test system that provides a compact mobile 
test and information tool for use in the motor vehicle service 
bay or on a road test. The TestBook system comprises a 
486-microprocessor-based personal computer, an integrated 
adjustable VGA liquid crystal display (LCD) panel and 
touchscreen interactive user interface having a capacitive 
touch-activated screen, and a built-in CD-ROM drive to 
provide faster and easier access to the latest service proce 
dures and information for maintenance and repair of a motor 
vehicle. Built-in measurement instrumentation and a pro 
grammable communications interface offer a test capability 
for computer-aided diagnostic applications. The TestBook 
system can be custom-con?gured to meet various MS-DOS, 
WindoWs, or OS/2 application requirements. 

While the TestBook system provides ready access to a 
large amount of information needed for maintenance and 
repair of a motor vehicle, cables that connect to the vehicle 
must be attached to the measurement instrumentation inte 
grated into the system. Consequently, as in the case of 
handheld testers, the TestBook system is unWieldy and is 
typically set on a Work surface, such as a Workbench or tool 
chest, during use. Therefore, the user does not have ready 
access to the integrated interactive display of the TestBook 
system While he or she is under the hood of the motor 
vehicle. 

Additionally, a test and information tool for maintenance 
and repair of a motor vehicle, Which has a selectively 
detachable, remotely operated interactive display unit that 
controls a portable integrated personal computer and test 
system is disclosed in co-pending US. patent application 
Ser. No. 08/421,591, ?led on Apr. 12, 1995, and assigned to 
the same assignee as the present application. This motor 
vehicle test and information tool provides greater user 
mobility than the TestBook system, because the display unit 
is not encumbered by being integrated With the personal 
computer having the additional Weight of measurement 
instrumentation tethered by cables connected to electrical 
systems and components, as Well as the engine control 
module, of the motor vehicle. 

HoWever, the measurement instrumentation is integrated 
With the personal computer, Which requires a specially 
designed housing to accommodate both the personal com 
puter and measurement instrumentation. The integrated per 
sonal computer and measurement instrumentation must also 
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meet environmental and safety requirements relating to test 
equipment used in a motor vehicle service bay. 

It is therefore desirable to provide a system to facilitate 
access to information by a user during maintenance and 
repair of a motor vehicle. Additionally, it Would be desirable 
to enable the user to control the display of information about 
maintenance and repair of a motor vehicle and perform 
needed measurements, as Well as display information to the 
user, While he or she is under the hood of the vehicle. It 
Would be further desirable to have an interactive information 
display and control system that is not encumbered by cables 
connected to the motor vehicle. Also, it Would be desirable 
to have a diagnostic, test, and information system that is 
easily scalable by the selection of any desired amount of 
measurement instrumentation. Furthermore, it Would be 
desirable to provide a diagnostic, test, and information 
system Which minimiZes both the number of specially 
designed components and the number of components sub 
jected to the harsh environment and safety requirements for 
equipment used in a motor vehicle service bay. 

SUMMARY OF THE INVENTION 

One embodiment of the invention provides a modular 
Wireless diagnostic, test, and information system that com 
prises Wireless netWorked modules. The Wireless netWorked 
modules include means comprising a combined user inter 
face and main control module that provides information to 
a user. The Wireless netWorked modules also include at least 
one remotely operated instrumentation module to perform 
various measurements and/or provide data under command 
of the user interface and main control module. In another 
embodiment, there is a user interface module and a separate 
main control module, and the user interface module com 
mands the remotely operated main control module to 
execute diagnostic routines and displays information pro 
vided by the main control module to the user by Wireless 
communication. Although the modular Wireless diagnostic, 
test, and information system having the user interface and 
combined or separate main control module and remotely 
operated measurement instrumentation modules can be used 
for maintenance and repair of a given type of complex 
equipment, such as a motor vehicle, it is also contemplated 
that the system in accordance With the invention can be 
generaliZed to access information and command functions 
by Wireless communication, as Well as display information, 
necessary to assist other service providers (such as equip 
ment operators, doctors, and others) in providing services. 

In accordance With one embodiment of the invention, the 
combined user interface and main control module provides 
information and can perform other functions, for example, 
execute a motor vehicle maintenance and repair application 
program that accesses motor vehicle maintenance and repair 
information. The remotely operated instrumentation mod 
ules preferably comprise instruments, such as a digital 
volt-ohm meter (DVOM) module connected to a motor 
vehicle, for performing measurements. The instrumentation 
modules also comprise a vehicle communication interface 
(VCI) instrumentation module connected to the engine con 
trol module of a motor vehicle. The unique attribute of this 
embodiment of the invention is that the combined user 
interface and main control module is provided With an 
interactive display that commands the remotely operated 
instrumentation module(s) over a Wireless communication 
link, for example, a radio-frequency (RF) local area netWork 
(LAN), as Well as to display information to the user. 

In accordance With another embodiment of the invention, 
the user interface module is a separate handheld, lightWeight 
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4 
module having an integrated user input digitiZer, such as a 
touchscreen or pen interface. The user interface module 
communicates With a separate remotely operated main con 
trol module by Wireless communication. The main control 
module has mass storage devices that provide volumes of 
information stored for communication to the user interface 
module. The main control module executes diagnostic rou 
tines and transmits diagnostics and information about a 
motor vehicle under evaluation or repair to the user interface 
module. Therefore, the user interface module having the 
interactive display is remotely operated With respect to the 
main control module so that the user has greater mobility. If 
the user interface module Were not a separate remotely 
operated module, the user Would be required to carry the 
additional Weight of the mass storage devices integrated into 
the main control module. Additionally, the remotely oper 
ated instrumentation module(s) are connected to both the 
user interface module and the main control module by 
Wireless communication and are not tethered to either the 
user interface module or the main control module by cables. 
All connections to the motor vehicle are to the instrumen 
tation modules(s) to provide electrical isolation. Also, the 
main control module can be a commercially available per 
sonal computer system located in an office environment and 
does not require customiZation for integration of measure 
ment instrumentation or need to be con?gured to Withstand 
the harsh environment of a motor vehicle service bay. 
The only required user interface to operate the combined 

or separate user interface module and the main control 
module is through the interactive display. With this user 
interface module con?guration, the user has full mobility to 
Work in and around a motor vehicle Without having to 
manage numerous cables. Also, the combined or separate 
user interface module can be provided With a tilt stand 
and/or hanger selectively secured to the user interface mod 
ule so that the user interface module can be set on or hung 
from the hood or other features of a motor vehicle. This frees 
the hands of the user to perform other tasks. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects and features and the con 
comitant advantages of the present invention Will be better 
understood and appreciated by those skilled in the art in 
vieW of the description of the preferred embodiments given 
beloW in conjunction With the accompanying draWings. In 
the draWings: 

FIG. 1 is a block diagram of one embodiment of the 
modular Wireless diagnostic, test, and information system 
comprising a combined user interface and main control 
module and at least one remotely operated instrumentation 
module connected by Wireless communication in accor 
dance With the invention; 

FIG. 2 is a perspective vieW of one exemplary implemen 
tation of the combined user interface and main control 
module included in the system shoWn in FIG. 1; 

FIG. 3 is a block diagram of an instrumentation module 
included in the system shoWn in FIG. 1; 

FIG. 4 is a perspective vieW of one exemplary implemen 
tation of a vehicle communication interface (VCI) instru 
mentation module included in the system shoWn in FIG. 1; 

FIG. 5 is a perspective vieW of one exemplary implemen 
tation of a digital volt-ohm meter (DVOM) instrumentation 
module included in the system shoWn in FIG. 1; 

FIG. 6 illustrates an exemplary deployment of the system 
shoWn in FIG. 1; 

FIG. 7 is a block diagram of the modular Wireless 
diagnostic, test, and information system shoWn in FIG. 1 
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further comprising an additional remotely operated instru 
mentation module consisting of an interface module and 
engine analyZer; 

FIG. 8 is a block diagram of the modular Wireless 
diagnostic, test, and information system shoWn in FIG. 1 or 
7 further comprising a Wireless-to-Wired local area netWork 
(LAN) access system; 

FIG. 9 is a block diagram of another embodiment of the 
modular Wireless diagnostic, test, and information system 
comprising a separate user interface module, a separate 
remotely operated main control module, and at least one 
remotely operated instrumentation module connected by 
Wireless communication in accordance With the invention; 

FIG. 10 shoWs one implementation of the separate user 
interface module and the separate main control module of 
the system shoWn in FIG. 9; 

FIG. 11 illustrates an exemplary deployment of the sys 
tem shoWn in FIG. 9; and 

FIG. 12 shoWs an alternative implementation of the 
separate user interface module of the system shoWn in FIG. 
9. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

One embodiment of the modular Wireless diagnostic, test, 
and information system in accordance With the invention, 
generally indicated by the numeral 10, is shoWn in FIG. 1. 
The system 10 comprises means in the form of a combined 
user interface and main control module 12. The system 10 
also comprises at least one instrumentation module deployed 
remotely With respect to the combined user interface and 
main control module 12, for example, a vehicle communi 
cation interface (VCI) instrumentation module 14. As shoWn 
in FIG. 1, the system 10 also preferably comprises a digital 
volt-ohm meter (DVOM) instrumentation module 16. As 
shoWn in FIG. 1, the combined user interface and main 
control module 12 and the VCI and DVOM instrumentation 
modules 14 and 16 are connected by Wireless communica 
tion. 

As shoWn in FIGS. 1 and 2, the combined user interface 
and main control module 12 is an intelligent sub-system 
comprising its oWn on-board personal computer system. The 
combined user interface and main control module 12 is the 
user interface to the system 10. The combined user interface 
and main control module 12 provides the user With any or all 
visual, audible, and/or tactile means by Which to commu 
nicate to the remainder of the system 10. The combined user 
interface and main control module 12 provides information 
to the user and receives commands from the user to process 
or communicate to the VCI instrumentation module 14 
and/or the DVOM instrumentation module 16 by Wireless 
communication. 

The combined user interface and main control module 12 
can be supplied With poWer from a rechargeable internal 
battery poWer source or from an external poWer source if the 
internal poWer source develops a loW battery condition. For 
example, in the exemplary application in Which the system 
10 is used for maintenance and repair of a motor vehicle, the 
combined user interface and main control module 12 can be 
connected to the vehicle battery (not shoWn). 

In one exemplary implementation, the combined user 
interface and main control module 12 can be a VERSA PAD 
battery-operated computer tablet, available from NEC. 
Alternatively, the computer tablet can be poWered from a 
motor vehicle battery (not shown). 
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The VERSA PAD computer tablet has an LCD panel 18, 

a pen-based user input digitiZer 20, and a user interface 
device driver (UIDD) 22 to capture the user interface 
information and provide display and speaker information. 
The combined user interface and main control module 12 
further comprises built-in PCMCIA ports 24. Additionally, 
the combined user interface and main control module 12 
comprises a standard PCMCIA radio-frequency (RF) local 
area netWork (LAN) card 26, available from PROXIM, 
inserted into one of the PCMCIA ports 24. The combined 
user interface and main control module 12 also comprises an 
RF antenna 28. 

The softWare environment for the system 10 is preferably 
a WindoWs-based softWare interface, such as Microsoft 
WindoWs 1995 (Chicago). Also, the system 10 is capable of 
running MS-DOS 6/WindoWs 3.1 and WindoWs NT. 
The system 10 also comprises all instruments to perform 

measurements. As shoWn in FIGS. 1 and 4, in the case of 
motor vehicle maintenance and repair, the system 10 com 
prises the VCI instrumentation module 14 Which provides a 
bi-directional data communications link betWeen an engine 
control module of a motor vehicle, that is, the vehicle 
on-board computer, and the combined user interface and 
main control module 12. As shoWn in FIGS. 1 and 5, the 
system 10 also comprises the DVOM instrumentation mod 
ule 16 to Which are connected various cables from the 
electrical systems or components of a motor vehicle for 
measurement of voltages and currents needed to be mea 
sured in connection With evaluation and diagnosis of a 
vehicle. 
As shoWn in FIGS. 3—5, each measurement instrumenta 

tion module preferably comprises a standard data acquisition 
interface. There are preferably tWo instrumentation modules 
that provide data acquisition interfaces. One of the interfaces 
is provided by the VCI instrumentation module 14, and the 
other is provided by the DVOM instrumentation module 16. 
Each of the interfaces is a standard interface 30 that can be 
replaced or upgraded. 
The VCI instrumentation module 14, as Well as the 

DVOM instrumentation module 16, are implemented on 
respective plug-in I/O cards. The respective card for the VCI 
and DVOM instrumentation module 14 or 16 resides on a 
main CPU motherboard 32 plugged into an expansion slot or 
connector. The VCI instrumentation module 14 and the 
DVOM instrumentation module 16 are preferably controlled 
by respective dedicated microcontrollers. 

The card Which comprises the VCI instrumentation mod 
ule 14 has an isolated analog/digital input stage to isolate the 
vehicle communication interface of the main CPU mother 
board 32 from the electrical system of the motor vehicle. The 
card Which comprises the DVOM instrumentation module 
16 has an isolated analog input stage to isolate the remainder 
of the DVOM instrumentation module from the motor 
vehicle electrical system. 

Each of the VCI and DVOM instrumentation modules 14 
and 16 also comprises a poWer supply 34. In the case of the 
VCI instrumentation module 14, the motor vehicle battery 
provides poWer through a VCI cable 36 shoWn in FIG. 4. An 
internal rechargeable battery poWer source (not shoWn) is 
preferably included in the DVOM instrumentation module 
16 to provide poWer for the poWer supply 34. The poWer 
supply 34 comprises a DC-to-DC converter Which isolates 
the main CPU motherboard 32 from the motor vehicle 
poWer and ground connections. The VCI and DVOM instru 
mentation modules 14 and 16 are provided With cooling 
vents (not shoWn) having ?lters (not shoWn) to the ambient 
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surroundings to prevent overheating. Additionally, each of 
the VCI and DVOM instrumentation modules 14 and 16 
comprises an RF LAN card 38, also available from 
PROXIM, installed in the expansion slot or connector on the 
main CPU motherboard 32 and an RF antenna 40. 

The card for the VCI instrumentation module 14 is 
generally custom to each application, so its con?guration 
Will not be described in detail. The card for the DVOM 
instrumentation module 16 Will noW be described in more 
detail. 
As indicated earlier, the DVOM circuit preferably resides 

on the main CPU motherboard 32 of the DVOM instrumen 
tation module 16. The DVOM circuit interfaces to a 486 
microprocessor system of the main CPU motherboard 32 of 
the DVOM instrumentation module 16 via the expansion 
slot or connector. As shoWn in FIG. 5, connection to a motor 
vehicle is provided by a multi-conductor connector of 
approximately 15 pins Which mate With a matching roving 
probe cable assembly 42. 

In one implementation, the card Which comprises the 
DVOM instrumentation module 16 can be a Model HP 
Z1062-60002 DVOM card, available from HeWlett-Packard 
Company. This DVOM card is an intelligent 68HC16 
microcontroller-based sub-system. FirmWare for the DVOM 
measurement instrument is preferably stored in a ?ash 
EPROM. 

The card Which comprises the DVOM instrumentation 
module 16 preferably comprises a high-density DB15 signal 
connector for analog probes. The DVOM card additionally 
comprises an electrically isolated serial port. 

The DVOM circuit comprises one channel for data acqui 
sition for a measurement. The DVOM circuit comprises a 
fast analog-to-digital converter The DVOM circuit 
provides an electrically isolated analog measurement inter 
face having a high input impedance so that the data acqui 
sition channel is electrically isolated from the remainder of 
the DVOM instrumentation module 16. The DVOM circuit 
preferably has a 32-kbyte buffer. 

The DVOM circuit is preferably provided With overvolt 
age and overcurrent protection. For example, a fuse can be 
incorporated into the DVOM circuit. 
As indicated earlier, the DVOM comprises one measure 

ment input channel. This channel comprises one measure 
ment input and one return input. Inputs are accessible at one 
multi-contact input connector of approximately 15 pins. 

The measurement input channel can also be used for 
optional accessories, such as adapters/transducers, external 
shunts, attenuators, and other accessories. In this regard, 
transducer poWer is provided through the multi-contact 
connector. The voltages provided on the connector for 
poWering transducers and accessories are preferably current 
limited. 

The input impedance of the DVOM circuit for voltage 
measurement functions is 10 Mohms resistive. This value 
Was selected to minimiZe the DVOM load effect on the 
circuit under test. The input impedance for resistance mea 
surements depends upon the selected measurement range. 
As indicated earlier, electrical isolation is provided for the 

DVOM circuit so that the measurement input channel is 
electrically isolated from the remainder of the DVOM 
instrumentation module 16. No signi?cant measurable cur 
rent Will ?oW, except betWeen the measurement and return 
connections of the measurement channel as determined by 
the input impedance. 

Also, as indicated earlier, the DVOM circuit comprises 
overvoltage and overcurrent protection. Protection is pro 
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vided for the remainder of the DVOM instrumentation 
module 16, the motor vehicle, and the user from damage or 
harm due to application of voltages or currents beyond the 
maximum measurement ranges of the DVOM instrumenta 
tion module. When the DVOM circuit is measuring voltage, 
overvoltage protection clamps internal voltages While drop 
ping excess voltage across a large value series resistance 
Which can be less than the described input resistance. 
Overvoltage protection during resistance measurement 
draWs current through a fuse and/or other current limiting 
device and can require replacement of an accessible fuse or 
other easily accessible component by the user. 
The DVOM instrumentation module 16 enables measure 

ment of voltage, resistance, and current. The DVOM circuit 
also provides a diode test capability, as Well as a cable ID 
resistor capability. 

Several hardWare voltage and resistance ranges are pro 
vided Within the overall voltage and resistance range of the 
DVOM instrumentation module 16 as required to meet 
accuracy and resolution speci?cations. LoW level softWare 
functions permit application programs to select either ?xed 
ranges or automatic range selection. 

As indicated earlier, a user serviceable internal fuse can be 
provided as part of the overvoltage protection circuit during 
resistance measurement. Also, a user serviceable internal 
fuse can be provided as part of the overcurrent protection 
circuit during current measurement. 
As also indicated earlier, the DVOM ?rmWare is prefer 

ably stored in ?ash memory. This provides ?rmWare upgrade 
by ?ash reprogramming instead of physical read only 
memory (ROM) replacement. The DVOM ?rmWare is inter 
rupt driven and manages and performs all measurement 
functions. 
The poWer supply 34 can be DC poWered by a fully 

isolated DC-to-DC converter. A battery backup pack (not 
shoWn) integrated With the poWer supply 34 supplies poWer 
to the poWer supply during poWerfail conditions. An enclo 
sure 44 of the VCI and DVOM instrumentation module 14 
or 16 Which houses the poWer supply 34 is vented to ambient 
air to prevent overheating. 
The poWer supply 34 Will noW be described in detail. The 

poWer supply 34 is an internal DC poWer supply that can be 
externally poWered from the motor vehicle. 
The poWer supply 34 can comprise an isolated DC poWer 

input connector. The DC-to-DC converter of the poWer 
supply 34 can be fully isolated and can be connected directly 
across the motor vehicle battery terminals or plugged 
directly into a cigarette lighter receptacle. In this mode of 
operation, the VCI and DVOM instrumentation module 
isolations maintain the motor vehicle battery ground isolated 
from the ground of the main CPU motherboard 32. When 
connected to the motor vehicle, the poWer supply 34 uses 
DC poWer from the vehicle With an input voltage range of 
7.5 volts DC to 16 volts DC. 

If the motor vehicle poWer is lost or the VCI or DVOM 
instrumentation module 14 or 16 is disconnected from the 
vehicle, the poWer supply 34 operates from the backup 
battery pack for the poWer supply. The backup battery pack 
can be a standard rechargeable nicad backup battery pack. 
The rechargeable backup battery pack is integrated into the 
enclosure 44 of the VCI instrumentation module 14 and the 
DVOM instrumentation module 16. 
A standard backup battery pack charging circuit (not 

shoWn) is also preferably incorporated into the enclosure 44 
of the VCI instrumentation module 14 and the DVOM 
instrumentation module 16. The charging circuit is prefer 
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ably implemented on a small printed circuit board mounted 
to the enclosure 44. The charging circuit only charges When 
the external DC input is at least 13.8 volts DC (normal 
running voltage of a motor vehicle) or When connected to an 
AC poWer outlet. The charging circuit preferably provides 
adaptive nicad charging and delivers a quick charge in less 
than tWo hours. 

The poWer supply 34 also preferably comprises a lithium 
battery pack. The lithium battery pack backs up the real-time 
system clock/calendar and con?guration random access 
memory (RAM) on the main CPU motherboard 32. 

The DVOM softWare provides the required interface 
betWeen the 486 microprocessor system of the main CPU 
motherboard 32 and the DVOM microcontroller. This 
library can be compatible With MS-DOS, MS-WindoWs, and 
WindoWs NT. 

The system 10 is preferably con?gured to perform system 
self-test diagnostics that execute each time that the com 
bined user interface and main control module 12 is poWered 
on. The diagnostics determine the status of the personal 
computer system, for example, the 486 microprocessor, the 
RAM and ROM, the LCD controller and memory, and the 
IDE hard disc drive interface integrated into the combined 
user interface and main control module 12. The system 10 
executes each of the various self tests until either a success 
ful boot or an error occurs. If an error occurs, the user can 

revieW documentation that is provided With the system 10 to 
determine the appropriate action to resolve the error. If no 
error occurs, the system 10 boots into its normal operating 
mode. 

In accordance With the embodiment of the invention 
shoWn in FIG. 1, all connections betWeen the system 10 and 
a motor vehicle are betWeen the vehicle and the VCI and 
DVOM instrumentation modules 14 and 16. Therefore, the 
connections betWeen the combined user interface and main 
control module 12 and the motor vehicle are fully isolated. 

FIG. 6 illustrates an exemplary deployment of the system 
10 shoWn in FIG. 1. The user operates the combined user 
interface and main control module 12 to control the system 
10. The VCI instrumentation module 14 shoWn in FIGS. 1, 
3, and 4 is connected to the engine control module of a motor 
vehicle through a connector accessible through the passen 
ger compartment of the vehicle. As shoWn in FIG. 6, the VCI 
instrumentation module 14 is on the front passenger seat of 
the motor vehicle. The DVOM instrumentation module 16 
shoWn in FIGS. 1, 3, and 5 is connected to an electrical 
system or component of the motor vehicle through the 
roving probe cable assembly 42. As shoWn in FIG. 6, the 
DVOM instrumentation module 16 is in the engine com 
partment under the hood of the motor vehicle. The user 
interface and main control module 12 executes diagnostic 
application programs and commands the VCI instrumenta 
tion module 14 to provide status information and exercise 
various systems of the motor vehicle and also commands the 
DVOM instrumentation module 16 to perform measure 
ments and provide measurement data. The user interface and 
main control module 12 also displays various information to 
the user. 

FIG. 7 shoWs a modi?ed modular Wireless diagnostic, 
test, and information system 10‘ similar to the system 10 
shoWn in FIG. 1. In FIGS. 1 and 7, like reference numerals 
designate corresponding elements. Therefore, only the dif 
ferences betWeen the system 10 shoWn in FIG. 1 and the 
system 10‘ shoWn in FIG. 7 Will be described. 
As shoWn in FIG. 7, the system 10‘ further comprises an 

additional remotely operated instrumentation module con 
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10 
sisting of an interface module 46 and an engine analyZer 48. 
Referring to FIG. 3, the interface module 46 comprises the 
main CPU motherboard 32, poWer supply 34, RF LAN card 
38, and antenna 40 common to the VCI instrumentation 
module 14 and the DVOM instrumentation module 16. The 
interface module 46 also comprises an interface, such as an 
RS-232 serial interface, IEEE 488 instrument interface, or 
other interface for connection to the engine analyZer 48. The 
engine analyZer 48 comprises a conventional commercially 
available tool commonly used in a motor vehicle service 
bay. The interface module 46 enables the engine analyZer 48 
to be incorporated into the system 10‘ for remote operation 
by the combined user interface and main control module 12 
and to provide data to the combined user interface and main 
control module by Wireless communication. 

FIG. 8 shoWs the modular Wireless diagnostic, test, and 
information system 10 or 10‘ shoWn in FIG. 1 or 7, 
respectively, further comprising a Wireless-to-Wired LAN 
access system 50. In FIGS. 1, 7, and 8, like reference 
numerals designate corresponding elements. The Wireless 
to-Wired LAN access system 50 comprises a standard com 
mercially available product that connects the system 10 or 
10‘ to a Wired LAN. For example, the Wireless-to-Wired 
LAN access system 50 can connect the system 10 or 10‘ to 
a local dealership LAN. 

Another embodiment of the modular Wireless diagnostic, 
test, and information system in accordance With the 
invention, generally indicated by the numeral 10“, com 
prises means in the form of at least one separate user 
interface module 52 in Wireless communication With a 
separate main control module 54, as shoWn in FIG. 9. In 
FIGS. 1, 7, and 9, like reference numerals designate corre 
sponding elements. Therefore, only the differences betWeen 
the systems 10 and 10‘ shoWn in FIGS. 1 and 7 and the 
system 10“ shoWn in FIG. 9 Will be described. 

The system 10“ comprises at least one separate user 
interface module 52, the separate remotely operated main 
control module 54, and at least one remotely operated 
instrumentation module, for example, the VCI instrumenta 
tion module 14, DVOM instrumentation module 16, and 
interface module 46 connected by Wireless communication 
in accordance With the invention. The system 10“ is a 
multi-box platform con?guration comprising the separate 
user interface module(s) 52 operated remotely from a main 
control module 54 and further comprising the remotely 
operated VCI and DVOM instrumentation modules 14 and 
16 and interface module(s) 46. That is, the system 10“ has 
the separate user interface module(s) 52 and the separate 
main control module 54, instead of the combined user 
interface and main control module 12 of the system 10 
shoWn in FIG. 1 and the system 10‘ shoWn in FIG. 7, as Well 
as the VCI and DVOM instrumentation modules 14 and 16 
and interface module(s) 46. 
As shoWn in FIGS. 9 and 10, the user interface module 52 

integrates a screen 56, Which is preferably an LCD panel, 
and a user input digitiZer 58, such as a touchscreen input 
interface, in a lightWeight enclosure 60. The main control 
module 54 integrates a standard 486 microprocessor system, 
a hard disc drive and other optional mass storage devices, 
and optional PCMCIA slots in an enclosure 62. 
Advantageously, the main control module 54 can be a 
conventional personal computer system equipped With Wire 
less communication components. 
The user interface module 52 is the handheld user inter 

face portion of the system 10“. The user interface module 52 
is connected to the separate main control module 54 over a 
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Wireless communication link. Ease of use is enhanced by the 
separated user interface module 52 having an integrated 
touchscreen user input digitizer interface. As shoWn in FIG. 
9, the user interface module 52 also communicates With the 
VCI and DVOM instrumentation modules 14 and 16 and the 
interface modules 46 by Wireless communication. All cable 
connections to the VCI instrumentation module(s) 14, the 
DVOM instrumentation module(s) 16, and the interface 
module(s) 46 are betWeen the instrumentation modules and 
the motor vehicle. This frees the user from dealing With the 
motor vehicle cable connections on a conventional handheld 
tester. 

The user interface module 52 comprises a microprocessor 
63, the screen 56, the user input digitiZer 58 along With 
associated support circuitry, an audio transducer 64, a PCM 
CIA RF LAN card 66, and an RF antenna 68. The user 
interface module 52 is preferably implemented as folloWs. 

The screen 56 of the user interface module 52 preferably 
comprises a standard backlighted LCD panel. In one 
implementation, the screen 56 can be a passive monochrome 
9.6-inch LCD panel, such as a model DMF50260NF-FW5, 
available from Optrex. This LCD panel has VGA 
compatible resolution of 640x480 pixels. The display area is 
approximately 13 cm Wide by 17 cm long. The LCD panel 
has a typical response time of 290 ms. The screen 56 is 
preferably edge lit With CCFT backlighting and has typical 
brightness of 90 nits, Which is brighter than the screen of a 
typical laptop personal computer. The display modes include 
graphic, as Well as text modes. For example, the screen 56 
can emulate an oscilloscope display to display Waveforms. 

As shoWn in FIG. 9, the user interface module(s) 52 
comprises contrast control 70. The contrast control 70 for 
the screen 56 comprises membrane sWitches that form a 
keypad. The membrane sWitches provide a limited number 
of keys for LCD panel contrast control. For example, the 
keys preferably comprise tWo keys, namely, “CONTRAST 
UP” and “CONTRAST DOWN.” 

The user interface module 52 also comprises the user 
input digitiZer 58 Which preferably includes a touchscreen 
input interface in the form of a standard ?nger touchscreen 
integrated With the screen 56. The technology used to 
implement the touchscreen interface is preferably a resistive 
touch system in Which a transparent sheet contains a matrix 
of resistive touch input sWitches. The user compresses a 
touch sWitch point to cause a touch press input. 

In one implementation, the user input digitiZer 58 is a 
transparent, continuous analog, X-Y resistive touchscreen 
constructed using ?ve-Wire resistive technology. Approxi 
mately 65—75% of the light emitted by the screen 56 is 
transmitted through the touchscreen input interface. 

In addition to the visual display provided by the screen 56, 
the user interface module 52 preferably comprises the audio 
transducer 64, such as a speaker. The operation of the 
speaker can be limited to touch clicks and error beeps that 
are originated by the system BIOS. For example, the speaker 
can be used for such purposes as key press error, parameter 
out of range, and other prompts, such as loW battery. The 
programming techniques used to activate the speaker are 
PC-compatible. 

The user interface module 52 also comprises a poWer 
supply 72 having poWer indicators and a backup battery 
pack 74. In one implementation, the user interface module 
52 comprises a green “POWER ON” indicator (not shoWn). 
This indicator is incorporated into a poWer on/off sWitch (not 
shoWn) located on the user interface module 52. The poWer 
on/off sWitch is preferably a single-pole, single-throW rocker 
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12 
or toggle sWitch. Preferably, the poWer on/off sWitch is 
illuminated brightly if the poWer supply 72 is connected to 
a motor vehicle battery and less brightly if the poWer supply 
is being poWered by the backup battery pack 74. 
Alternatively, a green light can be provided to indicate that 
the poWer supply 72 is being externally poWered and the 
backup battery pack 74 is being recharged and an orange 
light When poWer is being supplied by the backup battery 
pack. 

The main control module 54 can comprise a personal 
computer (PC) processor unit 76. The processor unit 76 
includes a PC motherboard 78 connected to a poWer supply 
80. The poWer supply 80 can be connected to an AC poWer 
outlet (not shoWn) or to an uninterruptable AC poWer source 
(not shoWn) connected to the poWer supply to supply needed 
poWer for short-term operation of the system 10“ in case the 
external poWer to the processor unit 76 is interrupted or 
disconnected. The uninterruptable poWer source for the 
processor unit 76 is autoranging, 90 to 260 volts AC, 50 or 
60 HZ input. The output to poWer the main control module 
54 is 16 volts DC at 4.5 amperes. The poWer supply 80 also 
comprises a cooling fan 81 for preventing overheating of the 
processor unit 76. 

The processor unit 76 further comprises a hard disc drive 
82. The hard disc drive 82 is provided to store the operating 
system and application programs executed by a micropro 
cessor resident on the PC motherboard 78, as Well as 
information for display to the user. Additionally, the pro 
cessor unit 76 can comprise a ?oppy disc drive 84 or a 
CD-ROM drive 86. The ?oppy disc drive 84 or CD-ROM 
drive 86 is preferably incorporated to provide mass volumes 
of information for access by the user. Additionally, the user 
interface module 52 and the main control module 54 each 
further comprise a user interface device driver (UIDD) 87A 
and 87B, respectively, to capture the user interface infor 
mation from the user interface module and transmit that 
information to the main control module and return display 
and speaker information from the main control module to 
the user interface module. 

The processor unit 76 also comprises a backplane 88 
connected to the PC motherboard 78. The backplane 88 
provides standard expansion slots, that Will be described in 
more detail later. 

The main control module 54 is connected by Wireless 
communication to the user interface module(s) 52, as Well as 
to the VCI and/or DVOM instrumentation module(s) 14 
and/or 16 and/or interface module(s) 46. In one implemen 
tation of the system 10“, the processor unit 76 comprises a 
standard RF LAN card 90, also available from PROXIM, 
installed in one of the PCMCIA ports of the processor unit 
and an RF antenna 92. The processor unit 76 can also 
comprise a standard LAN card (not shoWn) connected to a 
Wired dealership LAN. 

In an exemplary implementation of the system 10“ for 
motor vehicle maintenance and repair, the processor unit 76 
is a personal computer, AT compatible diagnostic tool. The 
processor unit 76 comprises standard PC-AT expansion slots 
for various cards, as Well as to provide internal future 
expandability. The processor unit 76 can be implemented as 
folloWs. 

The PC motherboard 78 can be a standard, PC-AT com 
patible printed circuit assembly in the 2/3 Baby AT form 
factor With integrated input/output (I/ O). I/ O ports on the PC 
motherboard 78 include Integrated Drive Electronic (IDE) 
hard disc, ?oppy disc, serial, and parallel. There is a four- or 
six-slot backplane 88 in the form of a board plugged 
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vertically into the PC motherboard 78. This means that the 
I/O cards are mounted horizontally, that is, parallel to the PC 
motherboard 78. The slots on the backplane 88 are used for 
an optional ?oppy disc drive, an optional enhanced IDE 
CD-ROM drive, and a PCMCIA adapter. This leaves Zero, 
one, tWo, or three slots open for expansion, depending upon 
the con?guration. The serial and parallel port connectors are 
panel mounted. The PCMCIA slots are implemented by a 
controller card With the PCMCIA sockets extending from 
this card to the outside of the enclosure 62 of the processor 
unit 54. 

Considered in more detail, the PC motherboard 78 of the 
processor unit 76 is the main system board and comprises a 
personal computer compatible motherboard that forms the 
central core of the system 10“. The PC motherboard 78 
provides PC-AT compatible functionality on a single printed 
circuit board. 

The PC motherboard 78 can comprise an Intel 8086 
architecture microprocessor, such as a 486 or Pentium 
device. For example, the microprocessor can be an 
SL-Enhanced 486SX Which runs at a clock rate of 25 MHZ, 
available from Intel Corporation. The SL-Enhanced 486SX 
microprocessor is a 32-bit internal device, With a 32-bit 
external address bus and a 32-bit external data bus. This 
microprocessor integrates eight kbyte of internal cache 
memory onto the chip to improve performance. The micro 
processor is socketed in a PGApackage and can be upgraded 
to any ?ve-volt 486SX, SX2, DX, or DX2 microprocessor. 
For example, the microprocessor is upgradable to 66 MHZ 
486DX2. The PC motherboard 78 also comprises a Basic 
Input Output System (BIOS) EPROM. 

The PC motherboard 78 also comprises on-board RAM. 
For example, the PC motherboard 78 can comprise four 
Mbyte of dynamic RAM (DRAM) extendable to 16 Mbyte. 
Preferably, the four Mbyte of DRAM is expandable With 
72-pin SIMMS (x36) to 16 Mbyte. 
As indicated earlier, the PC motherboard 78 also com 

prises integrated I/O ports. The I/O ports include an IDE 
hard disc interface, a ?oppy disc interface, a serial interface, 
and a parallel interface, as Well as an external keyboard port. 
The PC motherboard 78 also comprises four or six standard 
I/O expansion slots used for an optional ?oppy disc card, an 
optional enhanced IDE CD-ROM card, a PCMCIA control 
ler card, and one I/O slot is VEAS VL-Bus capable. 

The basic con?gurations of the processor unit 76 can be 
as folloWs. All con?gurations of the system 10“ include a 
mass storage device Which is preferably the hard disc drive 
82. For example, the mass storage device can be an IDE hard 
disc drive With a 120-Mbyte capacity. This 2.5-inch form 
factor hard disc drive is contained inside the enclosure 62 of 
the main control module 54. The hard disc drive 82 can be 
upgraded to the IDE limit of 540 Mbyte. 

In one con?guration, the processor unit 76 comprises no 
?oppy disc drive or CD-ROM drive. In the con?guration in 
Which there is no ?oppy disc or CD-ROM drive, the riser of 
the backplane 88 has four slots With tWo open slots. The hard 
disc drive 82 is included in the con?guration. The processor 
unit 76 also includes PCMCIA slots implemented on a 
PCMCIA controller card. 

In another con?guration, the processor unit 76 comprises 
the ?oppy disc drive 84 as another mass storage device. In 
the ?oppy disc drive con?guration in Which there is a ?oppy 
disc drive, the riser card of the backplane 88 has six slots 
With three open slots. The ?oppy disc drive 84 is preferably 
a standard 3.5 inches by one inch tall With a 1.44-Mbyte 
capacity and occupies the space from the sixth I/O card. The 
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?oppy disc drive 84 is connected to the ?oppy disc controller 
on the PC motherboard 78. The hard disc drive 84 is also 
included in the con?guration. The processor unit 76 includes 
PCMCIA slots implemented on the PCMCIA controller 
card. 

In yet another basic con?guration, the processor unit 76 
can comprise the CD-ROM drive 86 as an additional mass 
storage device. In the CD-ROM drive con?guration, the 
riser card of the backplane 88 has six slots With three open 
slots. The CD-ROM drive is 5.25 inches by one inch tall and 
preferably comprises a standard enhanced IDE interface. 
The CD-ROM drive 86 is connected to an enhanced IDE 
interface plugged into one of the expansion slots. The 
CD-ROM drive 86 is loW pro?le, caddyless, and has a 2x 
transfer rate. Both drives occupy the space from the sixth I/O 
card. The enhanced IDE controller card occupies one of the 
I/O slots. The hard disc drive 82 is included in the con?gu 
ration. The processor unit 76 includes PCMCIA slots imple 
mented on the PCMCIA controller card. 

As indicated earlier, the processor unit 76 accommodates 
an optional PCMCIA interface. The PCMCIA interface is a 
PCMCIA controller card that plugs into one of the expansion 
slots on the backplane 88. The PCMCIA slots are preferably 
provided With a cover. Sockets for the PCMCIA cards are 
mounted on the PCMCIA controller card. The PCMCIA 
cards are inserted into the PCMCIA sockets on the PCMCIA 
controller card through the I/O card mounting bracket. The 
PCMCIA controller card accepts tWo type 1/11 or one type III 
68-pin PCMCIA cards. The PCMCIA interface is not iso 
lated. 
The external interfaces are preferably implemented as 

folloWs. The PC motherboard 78 comprises a standard 
external Centronics 8-bit bi-directional interface. The pro 
cessor unit 76 comprises an external Centronics parallel port 
Which includes a Centronics parallel connector, that is, a 
DB25 connector, mounted to a panel incorporated into the 
enclosure 62 of the main control module 54 and cabled to the 
integrated 1/0 of the PC motherboard 78. The Centronics 
port can be used to connect the processor unit 76 to 
peripherals, such as a parallel printer. The Centronics par 
allel interface is not isolated. 

In addition, the PC motherboard 78 also preferably com 
prises a standard external RS-232 serial interface. The 
processor unit 76 comprises an external RS-232 serial port 
Which includes an RS-232 serial connector, namely, a DB9 
connector, mounted to the panel incorporated into the enclo 
sure 62 of the main control module 54 and cabled to the 
integrated 1/0 of the PC motherboard 78. The RS-232 serial 
port can be used to alloW host communication With a 
peripheral, such as a serial printer. The RS-232 serial inter 
face is not isolated. 

Furthermore, the PC motherboard 78 also preferably 
comprises a standard external keyboard interface to connect 
an external standard keyboard (not shoWn) to the system 
10“. The processor unit 76 comprises an external keyboard 
port Which includes a keyboard connector, namely, a 6-pin 
miniDIN connector, mounted to the PC motherboard 78 to 
enable connection of a standard keyboard. The external 
keyboard interface is not isolated. 

The softWare for the system 10“ is preferably a WindoWs 
For Workgroup (WFWG) operating environment. The 
WFWG is installed in both the user interface module 52 and 
the processor unit 76 of the main control module 54. 
The mechanical con?guration of the system 10“ Will noW 

be described in detail. This mechanical con?guration 
employs advanced ergonomics/industrial design technology. 
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