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VEHICLE SIMULATOR SYSTEM

CROSS REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims priority to U.S. Provisional
Patent Application 61/738,551 filed on Dec. 18, 2012, which
is hereby incorporated by reference in its entirety.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The present invention generally relates vehicle

emissions interfaces.

[0004] 2. Description of Related Art

[0005] From 1996-present, vehicles have onboard diagnos-
tics which allow technicians and emissions test stations to
evaluate the vehicle’s condition. The vehicle’s electronic
control unit (ECU) was designed from the factory to continu-
ously test its own emissions and only set the emissions moni-
tors to “ready” once those tests have successtully completed.
If the tests are not completed, or if they have failed, the
monitor status is reported as “not ready”.

[0006] When vehicles are brought in for state emissions,
they are tested by a state-authorized facility that plugs a
scantool into the vehicle’s OBD-II port. When connected, the
scantool checks the ECU to see if any trouble codes are
present, and if all of the vehicle’s emission monitors have
passed. Ifall of the monitors have passed and no trouble codes
are present, the vehicle passes the states emissions test. If any
trouble codes are present or if any of the monitors have not
completed their tests, the vehicle fails the state emissions test.
In many states, this emissions test is required for annual or
bi-annual registration.

[0007] Insome emissions testing programs, the inspection
tool performing the emissions testing must be regularly
audited to verify proper operation. When an inspection tool is
audited, normally a designated auditor visits the admissions
test station and connects a vehicle simulator to the inspection
tool. The vehicle simulator essentially acts like an OBD-II
vehicle and allows the auditor to test several pass/fail sce-
narios on the inspection tool. If the inspection tool properly
identifies each pass/fail scenario, the tool is certified. If the
inspection tool does not properly identify each pass and fail
scenario, the tool is no longer certified.

[0008] However, current vehicle simulators used for audit-
ing have several limitations. For example, even though mod-
ern vehicles are increasingly complex with many ECU’s on
board, simulators currently used for testing only simulate one
ECU. The simulators also have a limited number of pass/fail
scenarios that must be preprogrammed prior to use and are
difficult or impossible to modify in the field.

SUMMARY

[0009] A system includes a simulator device having a com-
puting device having a computer processor and a computer
readable medium. The simulator device further includes a
communication port configured for communicating with an
emissions inspection tool. The simulator device also has a
database associated with the computing device and including
multiple vehicle profiles, wherein individual ones of the mul-
tiple vehicle profiles include a plurality of Engine Control
Units (ECUs), and wherein individual ones of the plurality of
ECUs are configured to simulate a plurality of Parameter IDs
(PIDs) and corresponding response codes. The individual
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ones of the multiple vehicle profiles are independently select-
able for providing at least one PID response code to the
vehicle inspection tool. The computing device is configured
to perform a vehicle simulation for auditing a vehicle inspec-
tion tool.

[0010] Further objects, features and advantages of this
invention will become readily apparent to persons skilled in
the art after a review of the following description, with refer-
ence to the drawings and claims that are appended to and form
a part of this specification.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 illustrates a vehicle simulation system;
[0012] FIG. 2 illustrates a screenshot of the vehicle simu-
lator for responses on a per PID basis;

[0013] FIG. 3 illustrates a screenshot of the vehicle simu-
lator that allows for detection of PIDs even when they do not
exist;

[0014] FIG. 4 illustrates a screenshot of the vehicle simu-
lator that allows adjustment of a timing via an electronic knob
for easily adjusting the delay of a response;

[0015] FIG. 5 illustrates a portion of a screenshot of the
vehicle simulator that separates communication by ECU and
displays the traffic and communication in segregated areas for
easy viewing;

[0016] FIG. 6 illustrates a portion of a screenshot of a
vehicle simulator that adjusts to existing profiles in a stored
database;

[0017] FIG. 7 illustrates a portion of a screenshot of a
vehicle simulator that allows responses set by different types;
[0018] FIG. 8 illustrates a portion of a screenshot that
shows that the software for the vehicle simulation is updat-
able via an online connection; and

[0019] FIG. 9illustrates a screenshot of a vehicle simulator
that allows for suppression of separate modes when commu-
nicating with the vehicle and displays the vehicle and an ECU
inside of the vehicle; and

[0020] FIG. 10 illustrates a screenshot of a vehicle simula-
tor with diagnostic trouble code stored internally inside the
application database.

DETAILED DESCRIPTION

[0021] Referring now to FIG. 1, a vehicle simulation sys-
tem 10 is shown. The vehicle simulation system 10 includes a
simulator device 12 having a processor 14 and a computer
readable medium 16. The processor 14 is in communication
with the computer readable medium 16. The simulator device
12 may be a dedicated device for preforming vehicle simula-
tions but may also be embodied on a general purpose com-
puter.

[0022] The computer readable medium 16 may be one of
any one of a number of different computer readable mediums.
For example, the computer readable medium 16 may be a
solid state memory device, but any other type of computer
readable medium, such as magnetic or optical computer read-
able medium may be utilized. Additionally, it should be
understood that the computer readable medium 16 may be
integrated into the processor 14. The computer readable
medium 16 may include instructions for instructing the pro-
cessor 14 to perform any one of a number of different tasks.
[0023] The computer readable medium 16 may include a
database associated with the computing device and includes
multiple vehicle profiles. Individual multiple vehicle profiles
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may include a plurality of engine control units or Electronic
Control Units (ECU). The plurality of ECU’s are configured
to simulate a plurality of Parameter ID’s (PIDs) and corre-
sponding response codes.

[0024] The processor 14 is in communication with an out-
put device port 18 and an input device port 20. The output
device port 18 may be connected to an output device 22 such
as amonitor having a display area 24. The input device port 20
may be connected to any one of a number of different input
devices but generally may be connected to a keyboard and/or
mouse type device for providing information to the simulator
device 12.

[0025] A vehicle inspection tool may be connected to a
vehicle inspection tool port 28, which is also in communica-
tion with the processor 14. The processor 14 is configured to
perform a vehicle simulation for auditing a vehicle inspection
tool connected to the port 28. The instructions located within
the computer readable medium 16 configure the processor 14
to allow individual multiple vehicle profiles to be indepen-
dently selectable via the input device 26 for providing at least
one PID response code to the vehicle inspection tool.

[0026] Essentially, the simulator device 12 allows an emis-
sion testing device to be tested by using the vehicle simulator
tool to mimic a number of different ECU’s commonly found
on a variety of different vehicles. Additionally, the vehicle
simulator device 12 is able to mimic a number of PIDs and
corresponding response codes so as to test the emissions
testing device across a wide array of different ECU’s and
PIDs and response codes. By so doing, the simulator device
12 essentially acts as a single tool that is able to fully test an
emissions testing device connected to the port 28.

[0027] Further, the port 28 may be configured to commu-
nicate with a vehicle diagnostics port, such as an OBD-II port.
The processor 14 is configured to query and monitor a vehicle
via the vehicle diagnostics port and further configure to create
and store new vehicle profiles corresponding to the monitored
vehicle in the medium 16.

[0028] As stated previously, the processor 14 is configured
to perform a variety of different simulations. For example, the
processor 14 is configured to simulate a plurality of different
ECU’s simultaneously. Additionally, the processor 14 is also
configured to simulate a variety of different PID’s at an
adjustable interval. The adjustable interval may be a simulta-
neous simulation or could also include a sequential simula-
tion. Further, the adjustable interval could correspond to a
predetermined “within specification” interval or even “out-
side a specification” interval. Finally, the adjustable interval
may be such that it could be adjusted independently.

[0029] The processor 14 is further configured to include a
PID that does not exist in a vehicle corresponding to the
vehicle profile or that is not automatically detectable in a
vehicle corresponding to at least one vehicle profile. Since
there is significant ability to adjust and test across a variety of
different PID’s, the processor 14 may display on the display
device 22 an adjustable knob to allow an adjustable interval to
beutilized for easily adjusting the delay ofthe at least one PID
response code.

[0030] Additionally, since a variety of different ECU’s may
be tested at once, the simulator may also be able to provide
testing for a first ECU which is configured to respond with a
valid PID response code and a second ECU which is config-
ured to respond with an invalid response code. Further, the
separate ECU’s may be displayed in different areas of a
display as will be described in greater detail later.
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[0031] The processor 14 may also be further configured to
allow at least one of the multiple vehicle profiles stored in the
database to be adjustable. The plurality of different PID’s can
be determined from a variety of different techniques such as
random, cyclical, statically and can also be independently
suppressible. The vehicle simulator device 12 may also be
configured to provide and test for a variety of different diag-
nostic trouble codes stored within the database. For example,
a variety of different diagnostic trouble codes can be config-
ured and applied to the simulation.

[0032] As stated before, the display device 22 has a display
area 24, to allow for the displaying of information regarding
the simulation. For example, referring to FIG. 2, a screenshot
is shown that illustrates the vehicle simulator to allow for the
adjustment of the timing, within specification and it even
exceeding specification for responses on a per PID basis. FIG.
3 illustrates a similar screenshot, however, in this screenshot,
the vehicle simulator allows for detection of PID’s when in
fact they may not exist. Complementary to what was
described in FIG. 2, the response from PID’s not automati-
cally detectable but are still present is possible.

[0033] FIG. 4 illustrates a screenshot displayed in the dis-
play area 24 that allows the changing of timing. Here, the
screenshot shown in the display are 24 includes aknob 31 that
allows the easy adjustment of the delay of the response.
Further, a standard maximum can be set by simply clicking
button 35 using the input devices 26 of FIG. 1.

[0034] Referring to FIG. 5, as discussed previously, the
vehicle simulator allows separate simulated ECU’s to
respond with a different valid or invalid PID values. As shown
in FIG. 5, box 30 shows a first ECU selection area 32 and a
second ECU selection are 34. By using the input device 26 of
FIG. 1, different ECU’s can be selected to display different
information in segregated areas for easy viewing.

[0035] Referring to FIG. 6, different databases to existing
profiles can be easily selected through a dropdown box 36. As
shown in FIG. 7, the vehicle simulator allows responses to be
set by different times through dropdown box 38 across a
variety of different systems. As stated before, the responses
may be set as random, cyclic, or static for different response
profiles.

[0036] Referring to FIG. 8, a screenshot is illustrated show-
ing that the device 12 can be easily updated by clicking on a
check for updates button 40 using the input device 26. Refer-
ring to FIG. 9, FIG. 9 illustrates a screenshot having a first
area 42, a second area 43 and a third area 44. The first area
allows for the selection or suppression of separate modes
when communication with the vehicle. The second area 43
illustrates a picture of the vehicle and the ECU inside of it
with communication in cues 45. The third area 44 shows
which codes are active or pending. Near the bottom of the
screenshot of FIG. 9, tabs for selecting different ECU’s 46 are
also shown to allow one to switch between different ECU’s to
display relevant information regarding those different ECU’s.
[0037] FIG.10illustrates a screenshot to be displayed in the
display area 24 to display device 22 which allows different
diagnostic trouble codes 46 to be selected. Essentially, a user
can use the input device 26 to select different diagnostic codes
46 to test if these diagnostic codes are being detected.
[0038] As apersonskilled in the art will readily appreciate,
the above description is meant as an illustration of implemen-
tation of the principles this invention. This description is not
intended to limit the scope or application of this invention in
that the invention is susceptible to modification, variation and
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change, without departing from the spirit of this invention, as
defined in the following claims.

1. A vehicle simulation system comprising:

a simulator device including a computing device having a
computer processor and a computer readable medium,
the simulator device further including a communication
port configured for communicating with an emissions
inspection tool;

a database associated with the computing device and
including multiple vehicle profiles, wherein individual
ones of the multiple vehicle profiles include a plurality
of'Engine Control Units (ECUs), and wherein individual
ones of the plurality of ECUs are configured to simulate
a plurality of Parameter IDs (PIDs) and corresponding
response codes; and

wherein individual ones of the multiple vehicle profiles are
independently selectable for providing at least one PID
response code to the vehicle inspection tool;

wherein the computing device is configured to perform a
vehicle simulation for auditing a vehicle inspection tool.

2. The system of claim 1 further comprising a vehicle port
configured for communicating with a vehicle diagnostics
port.

3. The system of claim 2, wherein the system is configured
to query and monitor a vehicle via the vehicle diagnostics port
and further configured to create and store a new vehicle pro-
file corresponding to the monitored vehicle.

4. The system of claim 1, wherein the system is configured
to simulate a plurality of ECUs simultaneously.

5. The system of claim 1, wherein the system is configured
to simulate a plurality of PIDs at an adjustable interval.

6. The system of claim 5, wherein the adjustable interval
comprises a simultaneous simulation.

7. The system of claim 5, wherein the adjustable interval
comprises a sequential simulation.

8. The system of claim 5, wherein the adjustable interval
corresponds to a predetermined “within specification” inter-
val.

9. The system of claim 5, wherein the adjustable interval
corresponds to a predetermined “outside of specification”
interval.
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10. The system of claim 5, wherein the adjustable interval
of individual ones of the plurality of PIDs are independently
adjustable.

11. The system of claim 1, wherein at least one vehicle
profile includes a PID that does not exist in a vehicle corre-
sponding to the at least one vehicle profile.

12. The system of claim 1, wherein at least vehicle profile
includes a PID that is not automatically detectable in a vehicle
corresponding to the at least one vehicle profile.

13. The system of claim 5, wherein the adjustable interval
is adjustable via a knob for easily adjusting the delay of at
least one PID response code.

14. The system of claim 1, wherein a first ECU is config-
ured to respond with a valid PID response code and a second
ECU is configured to respond with an invalid PID response
code.

15. The system of claim 1, wherein the system is config-
ured to provide a display signal.

16. The system of claim 15, wherein the display signal
includes a first display corresponding to a first ECU and a
second display corresponding to a second ECU.

17. The system of claim 1, wherein at least one of the
multiple vehicle profiles stored in the database is adjustable.

18. The system of claim 1, wherein individual ones of the
plurality of PIDs are corresponding response codes are ran-
domly determined.

19. The system of claim 1, wherein individual ones of the
plurality of PIDs are corresponding response codes are cycli-
cally determined.

20. The system of claim 1, wherein individual ones of the
plurality of PIDs are corresponding response codes are stati-
cally predetermined.

21. The system of claim 1, wherein individual ones of the
plurality of PIDs are independently suppressible.

22. The system of claim 15, wherein the display signal
includes a display of the vehicle corresponding to the vehicle
profile, the ECU being simulated, and an icon corresponding
to the PID response being simulated.

23. The system of claim 1, further comprising one or more
diagnostic trouble codes (DTCs) stored within the database.

24. The system of claim 23, wherein at least one of the
DTCs is configured to be applied to the simulation.
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