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ABSTRACT

A Vehicular diagnostic tool con?gured to interface With a
plurality of Vehicular computing systems that each utiliZe a
different communications protocol. The tool includes a trans
ceiver that itself includes a Voltage threshold controller and a
current threshold controller. Also, a method of using a single
Vehicular diagnostic tool to communicate With a plurality of
Vehicular computing systems that each utiliZe a different
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Communications protocol.
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UNIVERSAL VEHICLE INPUT/OUTPUT
TRANSCEIVER AND METHOD OF
OPERATION THEREOF

vided. The method includes receiving a ?rst signal from a

vehicular electronic system using a diagnostic tool. The
method also includes adjusting a voltage threshold Within the
diagnostic tool. In addition, the method also includes process

FIELD OF THE INVENTION

ing the ?rst signal based upon the adjusted voltage threshold.

[0001] The present invention relates generally to vehicular
diagnostic tools and methods for diagnosing vehicles. More
particularly, the present invention relates to vehicular diag
nostic tools and vehicular diagnostic methods that alloW for
communication With multiple types of vehicular computing

[0007] In accordance With yet another embodiment of the
present invention, another vehicular diagnostic tool is pro

systems.

[0002]

receiving, Wherein the means for adjusting is electronically
connected to the means for receiving. In addition, this tool

BACKGROUND OF THE INVENTION

includes means for processing the ?rst signal using the
adjusted voltage threshold, Wherein the means for processing

Currently available vehicular diagnostic tools are

is electronically connected to the means for receiving.

devices that are designed to communicate With the various
computing systems that are included Within modern vehicles.

During these communications, information about the opera
tion of vehicular systems (e. g., anti-lock braking systems, air

conditioning systems, transmissions, steering mechanisms,
etc.) is transferred to the tools. Then, mechanics use the
information obtained by the tools to determine the repairs that
the vehicles need, if any.

[0003]

vided. This tool includes means for receiving a ?rst signal
from a vehicular electronic system. This tool also includes
means for adjusting a voltage threshold of the means for

Today’s vehicular diagnostic tools are either con?g

ured to communicate With vehicular computing systems
using a single communications protocol or are con?gured to
accommodate the use of multiple communications protocols

through the use of relatively complex and expensive circuitry.
As such, a currently available vehicular diagnostic tool that is
con?gured to communicate using the Society of Automotive

Engineers (SAE) J 1850 communications protocol is either
incapable of communicating With a vehicular computing sys
tem that utiliZes the ISO 9141 communications protocol or

does so by utiliZing the above-mentioned relatively complex
and expensive circuitry. Therefore, if a mechanic Wishes to
obtain information from a ?rst vehicular computing system
that utiliZes the SAE J 1850 communications protocol and
also Wishes to obtain information from a second vehicular

computing system that utiliZes the ISO 9141 communications
protocol, the mechanic Will either have to use tWo separate

tools or a relatively expensive multi-protocol tool.

[0008]

description thereof herein may be better understood, and in
order that the present contribution to the art may be better
appreciated. There are, of course, additional embodiments of
the invention that Will be described beloW and Which Will

form the subject matter of the claims appended hereto.
[0009] In this respect, before explaining at least one
embodiment of the invention in detail, it is to be understood
that the invention is not limited in its application to the details
of construction and to the arrangements of the components set
forth in the folloWing description or illustrated in the draW
ings. The invention is capable of embodiments in addition to
those described and of being practiced and carried out in
various Ways. Also, it is to be understood that the phraseology
and terminology employed herein, as Well as the abstract, are
for the purpose of description and should not be regarded as

limiting.
[0010] As such, those skilled in the art Will appreciate that
the conception upon Which this disclosure is based may
readily be utiliZed as a basis for the designing of other struc
tures, methods and systems for carrying out the several pur
poses of the present invention. It is important, therefore, that
the claims be regarded as including such equivalent construc
tions insofar as they do not depart from the spirit and scope of
the present invention.

SUMMARY OF THE INVENTION

[0004]

There has thus been outlined, rather broadly, certain

embodiments of the invention in order that the detailed

BRIEF DESCRIPTION OF THE DRAWINGS

At least in vieW of the above, it Would be desirable to

provide novel apparatuses (e.g., vehicular diagnostic tools)
that are con?gured to communicate With vehicular computing

[0011] FIG. 1 is a block diagram illustrating a vehicular
diagnostic tool according to an embodiment of the present

systems using a plurality of communications protocols. It

invention Wherein the tool is connected to a vehicular com

Would also be desirable to provide novel methods for com

puting system of a vehicle through a cable connector.
[0012] FIG. 2 is a schematic diagram of the transceiver
illustrated in FIG. 1 according to an embodiment of the

municating With multiple vehicular computing systems using
a plurality of communications protocols using a single appa
ratus. It Would further be desirable for each of these novel
apparatuses to contain a single transceiver portion, so as to

minimize complexity, cost and poWer requirements.
[0005] The foregoing needs are met, to a great extent, by

present invention.
[0013] FIG. 3 is a schematic diagram of the transceiver
illustrated in FIG. 1 according to another embodiment of the

present invention.

one or more embodiments of the present invention. According
to one such embodiment, a vehicular diagnostic tool is pro
vided. The tool includes an interface con?gured to be elec

DETAILED DESCRIPTION

tronically connected to a vehicular computing system. The

[0014]

tool also includes a transceiver electronically connected to the

to the draWing ?gures, in Which like reference numerals refer
to like parts throughout. FIG. 1 is a block diagram illustrating

interface. According to certain embodiments of the present
invention, the transceiver itself includes a voltage threshold
controller.
[0006] In accordance With another embodiment of the
present invention, a method of diagnosing a vehicle is pro

The invention Will noW be described With reference

a vehicular diagnostic tool 10 according to an embodiment of
the present invention Wherein the tool 10 is connected to a
vehicular computing system 12 of a vehicle 14 through a
cable connector 16.
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[0015] According to certain embodiments of the present
invention, the diagnostic tool 10 illustrated in FIG. 1 is hand
held and battery poWered (e.g., poWered by one or more 9V

batteries). However, larger and/or more complex diagnostic
tools are also Within the scope of the present invention, as are

tools that may be plugged in to electrical outlets.
[0016] The vehicle 14 illustrated in FIG. 1 is an automobile
and the vehicular computing system 12 is part of the anti-lock

FIG. 2 may be used to: (1) control the voltage level of the
communications bus 32; (2) control the overall load on the
communications bus 32; and (3) regulate the current level in
the transceiver 20. The sWitches SW7-SW8 may also be used
to control the overall load on the bus 32. HoWever, the
sWitches SW9-SWll are typically used to set the threshold

voltage for the incoming (i.e., received) signal R,C Which is

braking system of the automobile. HoWever, other vehicles,

received by the transceiver 20 on the right-hand side of the
op-amp 28 illustrated in FIG. 2.

for example, trucks, boats, planes, helicopters, agricultural
vehicles/equipment (e.g., harvesters) and construction

are selected based on the particular communications protocol

vehicles/equipment (e.g., excavators) are also Within the
scope of the present invention, as are electrical poWer gen
erators and a variety of other machines that, in the context of

the present invention, also fall Within the scope of the term

“vehicle”. Also, other vehicular computing systems such as,

for example, computing systems included in air conditioning
systems, transmission systems, fuel injection systems, etc.,
are also Within the scope of the present invention.
[0017] The cable connector 16 illustrated in FIG. 1, on one

end thereof, is connected either directly or indirectly (e.g.,

[0021] The voltage levels Vbat,Vl,V2,Vr1/2bat, Vrl andVr2
used by the above-discussed computing system 12. For
example, according to certain embodiments of the present
invention, Vbat is selected to be approximately 12V or
approximately 24V in order to accommodate the ISO9l4l
protocol, V1 is selected to be approximately 5V in order to
accommodate the serial communication interface (SCI) and
the data communications link (DCL) protocols and V2 is
selected to be approximately 12V in order to accommodate

the Variable Pulse Width (VPW) protocol. LikeWise, accord
ing to certain embodiments of the present invention, Vrmbat

1) to the vehicular computing system 12. On the other end

is selected to be approximately 6V or approximately 12V and
Vrl and Vr2 are selected to be approximately 3.3V and

thereof, the cable connector 16 is connected to a cable inter

approximately 2.5V, respectively.

face 18 that is included in the diagnostic tool 10. In operation,
the cable connector 16 transfers electronic signals betWeen
the vehicle 14 and the diagnostic tool 10. As such, the cable

[0022] FIG. 3 is a schematic diagram of the transceiver 20
illustrated in FIG. 1 according to another embodiment of the
present invention. The transceiver 20 illustrated in FIG. 3 is
electronically connected to the FPGA 22 and to the commu
nications bus 32. In operation, the transceiver 20 receives a

through a vehicular interface Which is not illustrated in FIG.

connector 16 may be any type of cable or interface Wiring

harness capable of transferring such electronic signals. For
example, an SAE standard 11962 connector may be used.
HoWever, Wireless connections betWeen the vehicular com

puting system 12 and the diagnostic tool 10 are also Within the
scope of the present invention. Such Wireless connections do

signal R,C from the vehicular computing system 12 and/or
transmits a signal T,C to the vehicular computing system 12.
[0023] The sWitches SWl-SWll and the various voltages
and resistances electronically connected thereto in FIG. 2 are

not make use of the above-discussed cable connector 16.

replaced by a programmable voltage and current controller 36

[0018] As illustrated in FIG. 1, a transceiver 20 is electroni
cally connected to the cable interface 18 Within the diagnostic
tool 10. In turn, a Field Programmable Gate Array (FPGA) 22
is electronically connected to the transceiver 20, a Central
Processing Unit (CPU) 24 is electronically connected to the

in FIG. 3. HoWever, analogously to What is illustrated in FIG.
2, the received signal R,C illustrated in FIG. 3 is received by an
op-amp 28. Also analogously to What is illustrated in FIG. 2,

FPGA 22 and an operator interface 26 is electronically con
nected to the CPU 24. The operator interface 26 may include,

FIG. 3 illustrates that a transistor 34 (in this instance, an

n-channel MOSFET) is electronically connected to the op

face and/ or a touch screen.

amp 28, as are a trio of resistors 30, 32 and 40.
[0024] Also illustrated in FIG. 3 is a fourth resistor 38 that
functions as a safety resistor and that is electronically con
nected to the transistor 34. The op-amp 28 illustrated in FIG.

[0019] FIG. 2 is a schematic diagram of the transceiver 20
illustrated in FIG. 1 according to an embodiment of the
present invention. The transceiver 20 illustrated in FIG. 2

Vr and an ampli?er supply voltage V66.
[0025] By appropriately operating the sWitches SWl-SWl l

includes an operational ampli?er (op-amp) 28 and a safety
resistor 30 that is electronically connected to an input of the
op-amp 28. Also electronically connected to the op-amp 28 is

illustrated in FIG. 2, a number of different and discrete volt
age, current and/or resistance levels may be obtained Within
the circuitry of the transceiver 20 illustrated in FIG. 2. As

a plurality of sWitches SWl-SWll. By appropriately setting

such, the electronically interconnected sWitches SWl-SWl 1
and the components electronically connected thereto (i.e.,

for example, one or more keys or buttons, a graphical inter

the sWitches SWl-SWl 1, one or more of a plurality of imped

3 is electronically connected to a variable reference voltage

ances (i.e., resistors Rl-R6), a plurality of voltages Vbat, V1,
V2 and/or a plurality of reference voltages Vrl/zbat, Vrl, Vr2

voltage sources, resistors, etc.) may be used as a voltage

that are electronically connected to the sWitches SWl-SWl 1
may be electronically connected to or electronically discon
nected from the op-amp 28. All of the above-listed compo

example, if switch SW1 and sWitch SW2 are set to electroni
cally connect the tWo illustrated Vbat voltage levels to the

nents, including the op-amp 28, may also be electronically
connected to or disconnected from a vehicular communica

tions bus 32 that is electronically connected to the op-amp 28.
In addition, a transistor 34 is electronically connected to the
op-amp 28 and to the communications bus 32.

[0020] According to certain embodiments of the present
invention, during operation of the vehicular diagnostic tool 1 0
illustrated in FIG. 1, the sWitches SWl-SW6 illustrated in

threshold controller and/or a current threshold controller. For

remainder of the circuitry in parallel, the effective bus voltage
Will be 1/2Vl,at. According to certain embodiments of the
present invention, such use of the physical sWitches SW1
SW1 1 simpli?es the overall circuitry of the transceiver 20 and
reduces the cost of the production thereof.

[0026] In contrast, by replacing the sWitches SWI-SWll
illustrated in FIG. 2 With the programmable voltage and cur
rent controller 36 illustrated in FIG. 3, the voltage and resis
tance threshold levels obtainable Within the circuitry of the
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transceiver 20 illustrated in FIG. 3 effectively become con
tinuously variable. As such, a greater number of communica

tions protocols become readable by the above-discussed
vehicular diagnostic tool 10 containing the transceiver 20
illustrated in FIG. 3 than the transceiver 20 illustrated in FIG.
2.
[0027] The transistor 34 illustrated in FIGS. 2 and 3,

according to certain embodiments of the present invention, is
a ?eld effect transistor such as, for example, a metal-oxide

semiconductor ?eld-effect transistor (MOSFET). The tran
sistor 34, according to certain embodiments of the present
invention, alloWs for the circuit to be pulled doWn to a voltage
level of substantially Zero volts Without the use of a sWitch or

the operation of a voltage controller.
[0028] According to certain embodiments of the present
invention, methods of diagnosing a vehicle (e.g., the above
discussed vehicle 14) are provided. According to one such
method, a ?rst signal is received from a vehicular computing

[0032]

The above-discussed steps relating to adjustment of

the voltage and current threshold levels may be automatically
implemented once a signal has been received in the diagnostic
tool from a vehicle. HoWever, according to certain other
embodiments of the present invention, a technician, mechanic
or other operator of the diagnostic tool may pre-set the sWitch
con?guration or the con?guration of the programmable volt
age and current controller based upon the vehicle and/or

vehicular computing system that is to be analyZed. According
to such embodiments, the technician may, for example, enter
information about the manufacturer, model, year, etc., of the
vehicle into the diagnostic tool before the tool is electroni
cally connected to the vehicle. Then, the tool may use that
information to set the appropriate voltage and current levels
before being electronically connected to the vehicle.
[0033] According to certain other embodiments of the

present invention, the appropriate communications protocol
is automatically detected by ?rst adjusting the threshold lev
els Within the diagnostic tool Within a predetermined set of

system (e.g., system 12) using a diagnostic tool such as, for

con?gurations (i.e., levels). Then, for each con?guration, an

example, the vehicular diagnostic tool 1 0 illustrated in FIG. 1.
The received ?rst signal may, for example, be a signal that
conforms to the speci?cations of a communications protocol
such as 11850, ISO 9141, etc. Thus, the method typically
includes associating the ?rst signal With a communications
protocol. In some instances, this associating step and/or a step
of distinguishing betWeen this received ?rst signal and a
second received signal (e.g., noise or a signal from another
vehicular computing system) is based upon a bit pattern
included in the ?rst signal.
[0029] Once the ?rst signal has been received and identi
?ed, a voltage threshold Within the diagnostic tool is typically
adjusted to accommodate processing of the received ?rst

attempt is made at passively reading one or more bit patterns

from the vehicular computing system until the appropriate
protocol is identi?ed and communication is established.
Alternatively, active communication With the vehicular com

puting system may be attempted With each con?guration until
the appropriate protocol is identi?ed and communication is
established.

[0034] In addition to adjusting the threshold voltage and
current levels, certain methods according to the present
invention also alloW for the adjustment of a reference voltage

Within the diagnostic tool. Again, this adjustment is typically
made to accommodate the speci?cations of a particular com

munications protocol. Also, this adjustment step may be

protocol in question. When implementing this voltage thresh

implemented using either one or more sWitches (e.g.,
sWitches SW9-SWll in FIG. 2) or the above-discussed pro

old adjusting step, one or more of the sWitches SWl-SW6
illustrated in FIG. 2 may be sWitched on or off to provide the

grammable voltage and current controller. This adjustment
step may further be implemented, for example, using soft

signal according to the guidelines of the communications

appropriate voltage level. In the circuitry illustrated in FIG. 3,

Ware.

the programmable voltage and current controller 36 may be
used to obtain the desired voltage level in the transceiver 20.
According to certain embodiments of the present invention,

threshold and/or reference voltage levels have been set, the

this voltage threshold adjusting step is implemented using

upon the adjusted levels. Any signals to be transmitted to the

[0035]

Once the appropriate voltage threshold, current

received ?rst signal (e.g., Rx) may then be processed based

softWare.

vehicle (e. g., TX) may be similarly processed through substan

[0030] As mentioned above, the programmable voltage and

tially the same levels and forWarded to the vehicle. Based on

current controller 36 alloWs for the voltage threshold to be set
at virtually any level (at least betWeen a maximum and a

minimum voltage level supported by the controller 36). HoW
ever, in order to accommodate several of the more Widely

used communications protocols, the voltage threshold is
commonly set to one of approximately 0.0V, approximately

2.5V, approximately 3.3V, approximately 5.0V, approxi
mately 9.0V or approximately 12.0V.
[0031] According to certain embodiments of the present
invention, the above-discussed method of diagnosing a
vehicle further includes adjusting a current threshold Within

the diagnostic tool. Depending on the types of components
included in the circuitry of the transceiver in question, one or
more sWitches (e.g., sWitches SWl-SW8) and/or a program

mable voltage and current controller (e.g., controller 36) may
be used to adjust the current threshold level. Like the voltage
threshold level, the current threshold level is typically
adjusted in order to accommodate a particular communica
tions protocol. Also, the current threshold level may be

adjusted utiliZing softWare.

this exchange of signals, a Wide variety of vehicular comput
ing systems using a Wide variety of communications proto
cols may be analyZed using a single diagnostic tool.
[0036] The many features and advantages of the invention
are apparent from the detailed speci?cation, and thus, it is
intended by the appended claims to cover all such features
and advantages of the invention Which fall Within the true
spirit and scope of the invention. Further, since numerous
modi?cations and variations Will readily occur to those
skilled in the art, it is not desired to limit the invention to the
exact construction and operation illustrated and described,

and accordingly, all suitable modi?cations and equivalents
may be resorted to, falling Within the scope of the invention.
What is claimed is:

1. A vehicular diagnostic tool, comprising:
an interface con?gured to be electronically connected to a

vehicular computing system; and
a transceiver electronically connected to the interface, the

transceiver comprising;
a voltage threshold controller.
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2. The tool of claim 1, wherein the transceiver further

comprises:
a current threshold controller electronically connected to

the voltage threshold controller.
3. The tool of claim 1, further comprising:
a ?eld programmable gate array electronically connected
to the transceiver.

4. The tool of claim 1, further comprising:
a transistor electronically connected to the voltage thresh
old controller.
5. The tool of claim 4, Wherein the transistor comprises a
?eld effect transistor.
6. The tool of claim 1, further comprising:
an ampli?er electronically connected to the voltage thresh
old controller.
7. The tool of claim 1, Wherein the voltage threshold con

troller comprises:
a plurality of sWitches electronically connected to a plural

ity of voltage levels.
8. The tool of claim 2, Wherein the current threshold con

troller comprises:
a plurality of sWitches electronically connected to a plural

ity of impedances.
9. The tool of claim 1, Wherein the transceiver further

comprises:
a plurality of sWitches electronically connected to a plural

ity of reference voltages.
10. A method of diagnosing a vehicle, the method compris
1ng:
receiving a ?rst signal from a vehicular electronic system

using a diagnostic tool;
adjusting a voltage threshold Within the diagnostic tool;
and

processing the ?rst signal based upon the adjusted voltage
threshold.

11. The method of claim 10, further comprising:
associating the ?rst signal With a communications proto
col.

12. The method of claim 11, further comprising:
setting the voltage threshold based on the protocol.
13. The method of claim 10, Wherein the adjusting step is

implemented using softWare.
14. The method of claim 10, further comprising:
adjusting a current threshold Within the diagnostic tool.
15. The method of claim 14, Wherein the adjusting the

current threshold step is implemented using softWare.
16. The method of claim 10, Wherein the adjusting step
comprises adjusting the voltage threshold to one of approxi

mately 0.0 volts, approximately 2.5 volts, approximately 3.3
volts, approximately 5.0 volts, approximately 9.0 volts and
approximately 12.0 volts.
17. The method of claim 10, further comprising:
adjusting a reference voltage Within the diagnostic tool.
18. The method of claim 10, further comprising:
distinguishing betWeen the ?rst signal and a second signal
from another system based upon a bit pattern included in

the ?rst signal.
19. The method of claim 10, Wherein the adjusting step is
performed prior to the receiving step.
20. A vehicular diagnostic tool, comprising:
means for receiving a ?rst signal from a vehicular elec

tronic system;
means for adjusting a voltage threshold of the means for

receiving, Wherein the means for adjusting is electroni
cally connected to the means for receiving; and

means for processing the ?rst signal using the adjusted

voltage
threshold, Wherein the means for processing is electroni
cally connected to the means for receiving.
21. The tool of claim 20, further comprising:
means for transmitting a second signal to the vehicular
electronic system, Wherein the means for transmitting is
electronically connected to the means for processing and

Wherein the means for adjusting the voltage threshold is
also con?gured to adjust a voltage threshold of the
means for transmitting.
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